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PREFACE

: This addendum report presents the results of the California Division
of Mines and Geology (CDMG);drilling program at Calistoga, California, which
was the final geothermal-resource assessment investigation performed under
terms of the second year contract (1979-80) between the U.S. -Department of
Energy (DOE) and the CDMG under the State Coupled Program. This report
is intended to supplement information presented in CDMG's technical report
fér the projeétAyear, VRésoufée Aséessmént of;iow;énd;Mbdérate-iemperature
Geothefmal Waters in Calistoga, Naba County, C;lifqrnia.h, |

During the investigafive phﬁsé of the CDﬁG‘QiCebthermalrPrbject; aver
200 well-driller's reports were obtained from theiDepartmeht of‘Waté¥
Resources (DWR). iwaas hoped thét'the interpretation ahd corfelation of £hes;
logs would reveal the subsurface éeology of the prér Napa Vai1éy‘énd‘é1s6»
provide a check for the various geophyéiéal'survéy; that ﬁere perfofﬁéd
in the course of the study. However, these DWR driller logs proved to be
inadequate due to the brief, non-technical, and erroneous descriptidns',
contained on the logs. As a result of:the lack of useable drill-hole
data, and because informatioh was desiredtfrom-deeper horizons,,itibecame
evident that drilling Some exbloratory holes woul& be,nééeééafy in ofder to
obtain physical evidence of the stfatigraphy and aquifefs-in tﬁe imﬁédiate
Calistoga area. | ‘ | o o

‘Pursuant to this;quécti§e, a total‘of'twelve.sités weré‘seiected--four under
jurisdidtiqn of Napa County and eight under jﬁfiédiction of fhe City of
Calistoga. A mbfatoiium is éurréhtly in existeﬁce'ﬁithin Naﬁa Cdﬁnty on most
geothermal drilling,'and environmental and timérqonstfaints ?recluded CDMG

from obtaining the ncessary site permits within the county. However, a

ii




_ variance was applied for and obtained from the City of Calistoga to allow

i CDMG  to drill within the city 1imits. With- this areal»'onstraint and also

[

f funding limits in mind, six drilling sites wvere selected on the basis of
¢)) proximity to areas where geophysical surveys had been performed, (2)
? accessibility of the site for drill rig setup, and (3) favorability for

t obtaining the maximum information possible concerning the,geology and the

i resources, Necessary 1andowner permission and permits were secured for
eéthese sites, and actual drilling began on December 17, 1980. | |
‘ 7 Drilling was terminated on February 4 1981 with the completion of.
VQ;three holes that ranged in depth from 205 to 885;feet;w‘Use_of.a relatively ‘
‘?new drilling techniqueAcalled the Dual Tube'Method enabled{theLCOllection of
€Tprecise subsurface.data'of a level of detail.neyer‘oeforeioStained.in the
;Calistoga‘area. As a result, a totally newjand.unexnected;piCture,of the
;;geothermal:reservoir conditions there has Beenrootained;;an& is outlined

in this addendum report.
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DRILLING ADDENDUM

SUMMARY AND CONCLUSIONS :

The Calistoga test . drilling program,  which’ was conducted as the final -
phase of the CDMG resource -assessment of low and moderate temperature geo— -
thermal waters 1n,the Calistoga area, hasurevealed?a newTand'unexpected
- picture of subsurface conditions andlhas;greatly~influenéedfthe‘results of
the respurce assessment.:_Of greatest:importance'ﬁas théidisCOvery’that'as
7 many<asrseven'aquifers'are presentﬂin the'uerticalfseCtion,and~that'thei
aquifers are‘separated;by thin~to very thick‘layers50famoist‘to
dry volcanic ash,,partly altered to clay. Also of great importance was ‘the.
finding that;hasement rocks -in many partSVOf;the;valley'are much deepér
rthan'expected’and that thefconfiguration:of.the hedrocktsurface~is~apparently
highly irregular. VA,hot'Water:bearing‘;one of scoriaceousamaterial under-
lying ardacitintuff'unit was encountered~in:the hottom of‘twolof‘the three
drill holes and may'provide an as yet untapped deep geothermal resource
along the southwestern margin of the valley. = o |

~ Evidence obtained.from the drilling program“hashshown that the,thickness
" of the verticalrsectionrof,sediments that contain;for'may contain,,the geo~
" thermal resource may be approximately douhle the conservatiuereStimate-made'

% in the main. volume of the Calistoga report with an actual aquifer yield

Enof >25 c water estimated at 13, 500 - 20 000 acre feet. This_estimate has

'ﬁvE resulted,from the development of accurate information‘onilocation:and

- E'thickness of geothermal aquifers in the vertical geologic section, a process

'ré'that can be accomplished only through drilling.
Geochemistry from the drilling program has largely corroborated evidence
f obtained previously. It has shown that waters_above'the geothermalrzone, that

“‘begins at'approximately 120 feet below the ground.surface, are fresh, potable,




and.cﬁﬁfain.almost,noidélé;érioué substances, ‘Waters in the geothermal .
zone, below 120 feé;; oﬁ the oﬁﬁet:hénd, confgin relatively high concentrations
of minerals; inciﬁding bdrén; thaf-afé'deleférioﬁs to plant growth and may
causevscaling'and other-problems. - Although]tbo few holes were drilled to make it pos:s
.ible to prove the usefulness of water chemistry in deterﬁining geologic
sttuctqrE, the-evidgnce obtained gﬁpeated faQorable and tended to
cbrroborafe earlier COncluSiohsddiSCUSSEd in.thé»main Calistoga(report?#olume.

Finéllylthe drilling‘ﬁrograq.has shown-that geothermometrié temperatures
are an accufate‘means of brédicting makimum.tempe:atures and that measured
temperatures coﬁﬁ#rp~fav9rab1y witﬁ_geothéfmometric temperatures in the-
Calistoga area, . " - |

The geothérmal ;gs;;drillingrprOgram has .proven a great asset to the
Calistoga resourcevassessment prégrém.and has made possible a far more
accurate assessgent than would otherwise have been possible. The-stqtement

that "you can't prove the resource until you drill" has once again been

proven to be accurate.




rbRibeNC PRdCRAMZOBdECTIVESi RdTIbNALE
fItrhas‘long been ‘a recognizedifact-that invgeothermaliresource“assessment,
é as in otheritypes of subsurface»exploration, the;only-way to-finally test the
f presence,‘qnality,/and quantity»of’the resource'is to'drill a hole or holes
irto prove it5is there; Although the Calistoga area is not "unproven" with
é respect - to geothermal resources (there are many geothermal wells- 1ocated ,
f throughout*the area),rit'was apparent'at the onsetfof CDMG's studies that too
f little was known about the" subsurface conditions that control: the geothermal 7
frresource in the Calistoga area. Evidence~for;this was seen in the unexplained
%*relatively close proximitycofihot'andfmerelyfwarmiweils,?and in .wide variations
é of fIOW~from'c105e1y;spaced adjacent welis( -
f.In:ordersto'assnre,the4beSt‘possibleiassessment of ‘the Calistdga,“;
' réygeothermalrresource withinftheifunding available.ECDHG:nndertook a drilling
€’program designed to,gain'the maXimnm~information;,perzdoiiarsSpent, about
; the reservoir,'the reservoir conditions, and the resource itself.iiSome of .
'f theninfornationfthat{wasiexpectedito'be’obtained'from the drilling program
7 é'included the following.:, | v S

. 431 e A detailed and” accurate lithologic description of the vertical geologic

e

'vlsectionrin:the-reservoir;area (logSzfor-previously drilled‘holes were
::unobtainable or: inaccurate). 7

f*‘°’Correlation of geologic units between holes to Obtain a. good geologic

‘crOSs section of - the reservoir area.li
k'fni“Correlation of previously obtained geophysical data with observed
":data from the wells. »;i iif5f;;if!'iuh?{fifrifﬁf 7§;u":'v,t~‘ =
"‘Thickness of the reservoir sediments and the number, thickness, conti— i
’unity, and quality of the contained aquifers.:' ’
. Water,quality, temperature, and geothernometry.for}individualraquifers.

7 OvFlow,datarfor the aquifers.




e Geochemical correlations that could help unravel the subsurface geo-
logic structural éicﬁﬁré; o

"'Overall,binformétion thatvcould‘be‘used to help make the final assess-

ﬁent‘bf the geothermal.resource-at Calistoga.

In order to obtain thé.best possible results from up to six holes that
could Be completed4in the drilling progfam, sites for 12 drill holes were
selécted at’strategic'locations throughout'tbe resource area, including:six
preferred sites and éix alternate site;f Theée sites were selected to provide
the best posSiblevcfossvsectioﬁ éf the valley and reservoif area and,’for
rcdrrelation purﬁoééé,‘ﬁere located immediately adjacent to. previously:completed
1 CDMG-geophysical éﬁhdy alignments., . 6he hole was chosen to provide information
on the maximum. thickness of the alluvial section of the valley while others
were. located to fest the areas of higher temperaturé and maximuﬁ geofhermal
fluid-flow. The complete list of hole sites chosen, together withrthe
rationale for the selection of eachAsite, is contained in the main Calié:oga
reportiyoiumé,

The sites were chosen without-coﬁsideration for political boundaries;
some within the Napa.County jurisdictionél area and some within the city limits
of Calistdga.' Unfortunately, enQironmental reporting and permitting réquire—
ments, for the sites loca;ed in-the céunty ju;isdictional area, could not be
completed within the time frame required to-allow for completion of the
7 drilling program on schedule. A variance was applied for and obtained from
‘rthe City of Calistoga to dfill éix holes located within the city limits
(Figure 1).  Although some of these were alternates to the preferred holes,

it was.expected that theybwould still provide the maximum desired information.




Duringrthe course of setting up the program to obtain bids from drilling»
'contractors for completion of the work at Calistoge, CDMG investigated the
‘merits of the dual tube drilling technique, in which reverse circulation is
used and the casing advances with the drill bit.» It was decided that the '
advantages of the technique-—providing uncontaminated water and lithologic‘
'samples--could be beneficial to the CDMG program (see Appendix A) he
rrcontractor who submitted the low bid based his bid on the use of dual tube
equipment. ‘His bid vas’ accepted by CDMG, and he was given the order to -
'proceed with the drilling. g | ' -

The decision was made first to drill the hole that would penetrate the rfi
thickest sedimentary section in the valley (Arroyo #1) and thus to obtain ;7
information that would be used for correlation purposes with all other

r'drill holes drilled in the program. Following that, holes were to be drilled iu
to provide information for ‘a Cross- section paralleling the geophysical
section that crosses the valley in a northeast—southwest direction (Moore #1 B
: LES 9). The other holes (LES 4-6) were de91gned to provide a section normal
“to the first and to be used for possible flow tests.; These holes were sited
to provide additional information adjacent to one of the two hottest areas in,
»the valley.' v— J | _ S | 7 x ’ :
, Drilling of “up “to six holes within the funding availalbe was predicated )
' f’upon "best of all possible worlds“ drilling conditions, and based on information
'provided by the drilling contractor as to what might be expected regarding' a
i drilling speeds. As is almost universally the case in drilling operations,,‘
the best of all possible worlds conditions did not prevail, and drilling,
. which was done on a time and materials basis, was 1imited to three holes in,
irorder to stay within available funding.l A complete account of the relative:i

; merits of the drilling system together with an analysis of some of the

: 'i~prob1ems encountered is included in Appendix A.




,Zone of possible faulting
(from gravity and resistivity data)

Figure 1.',Drilling Addendum for Second Year Report "Resource Assessment of Low
Waters in Calistoga, Napa County, California", drill hole location map.
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'DRILL—HOLE—SITE SELECTION AND SITE DESCRIPTIONS

Three holes were drilled by the Division of Mines and Geology in the
Calistoga drilling program' These included Arroyo #1, 205 feet' Arroyo #2,
‘8851feet; and Mbore #1, 562 feet. - The 1ocations for the holes are shown

on Figure 1. All:three are sited on the alluvium of the flat valley floor;

Arroyo #1

This site was located approximately 100 feet east of the Napa River
on a farm road on the Arroyo property, a 37 acre vineyard i lmportant con-
siderations in selecting this site were: (1) the site was near the projected
deepest part of the Upper Napa Valley basin and would provide a deep alluvial
‘section before encountering Franciscan Basement, (2) the site was to the
west of a major trend of known hot water wells and would provide lateral
control in that direction for known hot water, and (3) 1t was expected that a
hole having a depth of about l 000 feet (a limit imposed by State Division
of Oil and Gas restrictions) would provide a maximum amount of useful
,correlative information. 7L - , | A‘A o
This was the first site drilled Drilling commenced on December 18 1980;
with the drilling of 50 feet and the setting of 50 feet of 8l inch 1. D. con—;
"_ductor pipe. This pipe was necessary due to the landowner s request and a
rfftregulatory stipulation from the California Division of Oil and -Gas (CDOG)
V:that a blow-out preventor be installed. This stipulation from CDOG wasri 7
rlsubsequently rescinded upon field inspection by DOG personnel of the dual-tube |

rig, and was not required for other drill holes. Unfortunately, this con—

ductorrpipe,rin'conjunction with/a:near surface standing water level, proved to




be a detriment to completion of this hole.‘,Each time a rod change was

made, the conductor pipe would immediately fill with water, and, upon re-
start of drilling, 1arge volumes of water would be blown out of the hole

and onto the area around the rig. Because this water was suspected of having
high boron content and because, with the onset of the winter rains, it would
not be possible to control its flow on the surface, the hole was abandoned

at a total depth of 205 feet on December 24, 1980.

Arroyo #2

This site is located uponrthe sane piecebof property asiArroyo #l but
was sited on firn ground adjacent to Grant Street. .Arroyo‘#Z is 1200 feet
reast-of Arroyo #lﬂand’uas intended tohsubstituteifor the premature abandonment
of that.site. | | | o

Drilling commenced on December 29 1980. The hole was abandoned on
January 23, 1981, at a depth of 885 feet. The drillingvof‘this hole was |
very slow and time consuming due‘to'the‘continual pluggingbof the toolsvby
very plastic clays (altered volcanic ash). The tools wererplugged a total
of eight times at respective depths of 242,-442, 445, 622,»742, 802, 863, |
feet. The hole was abandoned at 885 feet due to very rapidcincrease in rod
torque which signaled certain rotational freeze—up of the drill pipe, had
drilling‘been continued. A wealth of new and unexpected information was

obtained from this hole.

Moore #l

This site is located at 2150 Greenwood Avenue within a 5 acre parcel

owned by Mr. Tex Moore. The site was adjacent to a traverselalong which




gravity, magnefic, and resistivity geophysical su:Veys had been performed.
The hole was planned'in orderrto provide stratigraphic éontrol for the geo-
ﬁhysical éurveys and to provide a correlative section that could be used in
conjunction with the Arroyo #Z'geoiogic 1ég in an attempt to produce a geo-
 10§1¢ croSs-secfion oflﬁhe Upper Napa Valley. - | |
Drilling commenced oﬁ January 27;5198i."The hole was abandoned on
Febfuaty'é, ;981,“at;a,depthrof 562 feet. The ‘same problems ehCountéred
~ in drilling Arroyo #2 were aléé~pfesent?infthe MOofer#i hole; namely, the
C§nt1nua1:pluégiﬁgrof the tobis:by*very'plasiic“élay‘(altered'volcanic:ésh);
1Uhfottunately;'té:minétibh'of;this-fhole;'bécéusé”of a‘fﬁnding‘éhortfélls’fe;; ‘
éulted,in abandonmient ‘of the hole ‘before it intersected Franciscan basement -
rocks. '-Howevétg fuch VEIY useful 1nformatiofg was obtained from this hole, =
particglafly'with réspe¢£ to'stratigraphy'and p;oBabie,é;titude‘of Beds

and with regard to confifmatibnrof geothermal tesburce projections.




INTERPRETATION OF RESULTS
 Ground-Water Geﬁqhemistry

As was previously mentioned, all aquifers encountered in the Arroyo #1 and
#2 and the Moore #1 drill holes were sampled. The chemical analysis of 26 water samples
taken at various depths from the 3 drill holes are shown in Table C~1, Appendix C. With
oniy two exéeptions, all of the wéter samples are;claséified as being of sodium
chloride water type, bésed upon»the relative abundance.of chemical constituents.

The two exceptions, samples M-016-81 and M-017-81, which were classified as being
of calcium-bicarbonate water type, were prbduced'from,two shallow,- hand dug wells
immediately adjacenf to the Moore #1 drill site. Thesé samples were taken due t§
problems encountered upon the initiation of drilling and the inability to produce
an uncontaminated shallow water sample from the Moore drill hole (refer to Drill
Hole Log in Appendix B). The log shoWsrthat theée two samples came from a s;allow
(perched?), surficial stream channe1~dep03it that is probably easily recharged
by precipation ;ﬁd the resﬁltant ephemeral runoff; In addition to'being’of-a
calcium-bicarbonate water type, both samples had almost non-existant boron content
(.2 and .4 ppm) and é low temperature 12-13°C.. Tﬁesé temperatutes,:Which are
aﬁomalous in themselves, would tend to indicate a re@gﬁt meteoric source for. this water.

The remaining 24 water samples are of a sodium chloride water type. 'Inherent.
with this water type, boron éoncentration, and SAR (sodium adsorption ratio ) values
are characteristically high, RSC (residual sodium carbonate) values are above 2.00
meq/1t. and high iron values were noted. Tﬁe delineation of sodium chloride water
bearing aquifers with depth'tends to support several of the preliminary 1ntéfpre£ations
given in the first report, to note:r » 7

(1) The existance of sodium chloride water types with depth probably indicates
a hot-water dominated‘hydrothermal system 6f volcanic origin, wherebyAdeep-percolating
meteoric water and possibly water of other brigins becomes involved in a hydrothermal
system of high terrestrial.heat flow associated with a deep magmatic source)(Whifé,

1957). This water is heated to steam containing alkali halides in solution;
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is subsequently circulated within the hydrothermal, ground%water system; and, upon

condensation at or near the surface of the earth,’yieldesodium'chloride water (Faye
1971). R

(2) There appeared to be a minor relatlonship between water'quality and depth.
Overall, all of the aquifers sampled were of poor water quality, but ‘water quality

(measured as TDS) appeared to deterioraterwith depth, although the highest boron

‘reading recorded, 17.3 ppm, occurred at a depth of 6647feet'in'thebArroyo #2 drill

hole; the range of boron content for all of the geothermal water ‘samples was from

10-17 ppm. This high_range‘of boron would preclude thefusefof any of these aquifers
for commerical irrigation and the high sodiumrconcentrations mav.be above the limits
(270mg/1) recommended by :the Environmental"?rotEctioangency;for public water supplies.
(3) Water temperatures (refer to Platef'l)fshow.an’overall increase in re-
lation to»depth., However, several interesting temperature anomalies were delineated.
In particular, temperature regressions were noted at depths of 130-170 feet, 475-485
feet, and 620-625 feet in the’Arroyo~#2 hole, and at a depth-of 325-515 feet in the -

Moore #1 hole. All these temperature gradient regressions, with one exception, occur

'at the boundaries of dry zones and provide supportive physical evidence of the fact

that stratiform aquifer barriers exist in the subsurface of the Upper Napa Valley.
However, a temperature _spike" recorded at.a depth of 622 feet in the Arroyo #2 hole,
is not readily explainable by a confining lithologic unit, for it occurred within

a high volume water-producing zone.

The following is a brief enumeration of the interpretations and conclusions

that were reached from the Calistoga geochemical investigations including those that

are described in the main volume of the Calistoga report and those that have resulted

from the drilling program. An independently funded report on the water chemistry of

the Calistoga area (Majmundar, in preparation) will describe in detail ‘the findings

that lead to these conclusions.

1. The main structural break is interpreted as a fault parallel to the axis of

the valley floor, with other smaller faults perpendicular to this majrxbreak
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2. Geothermal watefs in each of thé three wells, Arroyo #1, Arroyo #2,
and Moore #1, are rich in chloride, which implies a hot-water system
rather than a vapor—dominatéd system.

3. The presence of high chloride conéeﬁtration and higher SAR and RSC - -
values make these.watérsvunfit'for irrigation of most crops and
for qther.domeStic uses. -

4., The maximum subsurface temperature fér the geothermal reservoir at
Calistoéa seems to be on the order of 140°C.

5. Deleterious subtances éuch aé boron are associated only with the
sodiuméchloride.type of waéersvin the Calistoga aréa.

6. As a whole, sodium-chlofideitype waters in~Célistoga havevthe
highest temperatures, maximum SAR, RSC, and TDS. Moreover, t;rxey

represent the deep water reservoir of Calistoga.

Stratigraphy and Structure

As shown oﬁ the three lifhologicAdrill-hole iOgs.and depicted on the inter-
pretive cross section (Plate 1), excellent stratigraphic correlationhﬁetween the
drill holes was made possible by the recovery of distinctive, uncontaminated
samples via the dual tube driliihg.method;. The géologic cross section (Plateli)
is projetted along a northeast-éohthwest plane épproximately-perpendicular to
the axis of northwest trending prer Napa Valley. Horizontal.scalevis i"=100'
and vertical scale is 1"=25‘.v | | o

The Upper Napa Vallef is a shallow basin, underlain byva thick section of
Quaternéryyéiluvial sediﬁenté and Plio-Pléistocene”ﬁyrbcléétic,strétifie& rocks
(Sondma Volcénic) thaﬁ diﬁﬁat 9° éouthwesf.;'Lower units of Sonoma Volcanic rocks
are compriséd of décific 3sh flow tﬁffs that“typically vary only.in &egfee of
induFatioﬁ. These ash flOW:tuffs éré intercalate&'with.QolcaniéraSh units of
aérial’depcsitioh'gﬁd minor‘sediﬁenﬁafybfaéies of volcanic debris.

The upper dacitic!ash'flow‘tufﬁ ié‘overlain by a small sedimentary gravel unit
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,; plunging to the southwest.

that was correlative between the drill holes and is overlain in turn by volcanicg
ash. This gravel horizon indicates a minor hiatus in volcanic activity with re-

sultant development of a brief depositional alluvial surface., In turn, the

'pyroclastic units are overlain by an alluvial section of flood plain and channel

deposits that are intercalated with minor aerial deposits of volcanic ésh.
The. underlying pyroclastic ash flow tuffs and volcanic ash deposits all show
a very consistent 9° dip to the southwest. Plate l shows a selection of 8

individually identified pyroclastic units that were found ‘to be correlative be-

tween the Arroyo #2 and Moore #l drill holes.‘ Variability of thickness for these

8 pyroclastic units, ranged from 292 feet at the Mbore #1 site decreasing to 225 feet
at the Arroyo #2 site. This variability is almost wholly accounted for by the

dacitic ash flow tuffs in the lower section, for the overlying ash falls are very

’consistent in total thickness. This east to west decrease in ash flow tuff section

is interpretated as follows. (1) these ash flow tuffs originated from an eruptive

center to the north or east, and (2) these ignimbritric flows were deposited on a

: nearly level ground surface, with vertical thickness and sorting a function of

distance from this eruptive source.
As mentioned earlier, drilling vas terminated before Mesozoic rocks were
encountered in either drill hole, but based on surficial outcrops of Franciscan

rocks along the Upper Napa Valley eastern margin, and the failure of a nearby

‘deep (+2000 feet) geothermal exploration hole to hit Mesozoic Rocks, it is inter—

pretated that the pre Sonoma Volcanic basement surface was one of highly
variable relief If this summation is correct, then the consistancy of the

pyroclastic depositional surface would ‘tend tO indicate either (1) that an ex-

~ tensive section of underlying pyroclastric and/or alluvial sediments had

established a stable depositional baseline prior to the eruption of the dacitic

ash flow tuffs, or (2) that the eastern valley margin is coincident with a

major fault and the valley is a downdropped graben block Geophysical data does

not indicate the latter, but does tend to support a deepening structural basin
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Radiometric ages of the yéungegt tuffs and flowsrthat erupted in the
Sdn§ﬁa Volcahié fiéldiclustér in the rahge-3.0 to 4.0 millioh”years (Sarna-
ijoicki,»1976). This élﬁster of'dateé defines‘a maximuﬁ agé for a late Plio-
cene to early Pleistoéene orégeny that deformed and uplifted thé formationé con~
taining the volcénié uﬁifs;' This PlioQPleistocene structurai deformation is |
believed to be responsib;e foflthe 95 dip of,thé Sonoma VoiCanics pyroclastic
units of ﬁhevsouthwest;>' | |

Dévelopment of'thié deformation and uplift led to massive eroéion»of the 
volcén1c units"éomprising'the'highiaﬁdé énd deposiﬁion of thick sections of
alluvial sediments in structurél depreééions. The eéétward'shift of progressively
younger eruptive units from the Sonbmé Vol#aﬁics field atfthe'westefn margin of
the Gfeat'Valley suggest that uplift and;VOICéﬁiSm-were proéeediﬁg simultaneously
(Sarna-Wojoicki, 1976).‘ | B | |

Thus the thick section of alluviai 'sedin@ﬁfs shown on Vthe‘ iogs as be;l.ng
comprised wholly of vqlcanic détritué may‘well represeht‘this subsequent pefiod~
of mass wasting and*depositional adjustménf.. As shown on the geologic éross-sectibn,
major alluvial units are intercalated with’éltered'vblcéﬁic ash units_of probable
aefial,origin. These distinctive ash falls‘may well represent’the volcénic

féllout of -matérial originating from -eruptive centers outside'ofwthe immediate

Napa ¥alley area.’

. The thick section (30 feet) 6f silty blue. clay logged in the Arroyo #2

drill hole between the depths of 290 and 300'feet probably represents an alluvial

accumulation of rewqued volcanic ash that was deposited as a flood plain and/or

channel deposit. Ommissibn of this ﬁhick cotrelatiﬁe unit in the Moofe drill hole
can best be expiaiﬁed by the striping~of“this voicanic matefia1”from an active
erosional sugface-at.the Moo;e site and depoéition‘of this voléanic aéh in a .
structual depression lying to the wésf;

A stabilizétion of base lévei is'repreéehéed by ihé'twovcorrelative
silty‘clayé (éltére& VQlcanic“ash)‘fbuhd in the upper 200 feét ofrthe three

drill holes. The respective depthé of these ash fall layers are very consistent,
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and represent deposition on a land surface similar to that present under current
geomorphologic conditions in the Upper Napa Valley. These uppermost volcanic‘
ash units may well represent Quaternary volcanism in the Clear Lake Volcanic
field. The Clear Lake Volcanic field (Anderson, 1936' Brice, 1953' Sarna— ‘
Wojoicki, 1976; Hern, Donnelly and Goff, 1975 Sims and Rymer 1975) ‘northeast

of the Sonoma Volcanic field was active during Pliocene and Quaternary time ‘and
ycontinued up to Holocene time. The Clear Lake Volcanics consist of basalt,

andesite, dacite, and rhyolite, they’ occur as domes, flows, and pyroclastic

deposits in a structurally and chronologically complex;sequence~(nearn,
Donnelly and Goff, 1975). The youngest ash:recogniaedfinfé;core-frOm;Clear
Lake 1s about 10,000 years old (core 7,'Sims»andrRymer,319755af:Thus,;the_
fine-grained ash falls preserved in the'upper alluVialfsectionﬁmay represent

Late Holocene Clear Lake Volcanic activity!ao_

| Eyirology L

Theialluvialiand pyroclastic unitsicomprising{thefstratigranhy of'theg
Unper Napa Valley are the'primary_faCtors controlling;theimoyement of'groundwater
through thevsubsurface,‘ 7 ‘ -"“. | 1 | - ‘

Highly permeable alluvial sands and gravels are'interbedded,with’less
rpermeable to impervious volcanic units, thus causing groundwater to migrate '
through a complex system of aquifers. The alluvial units of gravels and sands
are probably not continuous for any great lateral extent, for these lenticular::
and cutoff beds formed in a fluvial environment,iwere dissected, and then
inundated by subsequent floodplain and channel deposits.x Within a specific
'vertical section, development of water would be dependent upon the trans—
missibility coefficient of the adjacent beds. This fact is exemplified by the
water content shown on the logs (Plate 1), where dry zones are shown to occur
within facies of highly permeable sands and gravels. Thus, wells located in
close proximity to one another and drilled to the same depth could produce

highly variable rates of water discharge. .
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The hyd;oiogy picture of the Calistoga area is made more complex by
the aforeﬁentioned silty clays of altered volcanic ash origin, This pyroclastic
material, primarily quartzo—feldspathic glass shards that was aerially de-
posited, has undergone almost complete alteration to smectite clay materials.
The resultant fo;mation of these expansive clays has genérated distinct and-
effective stratiform barriers to vertical ﬁigration of groundwater. The expansive
and self-sealing prpperties 6f this altered pyroclastic debris are proven by
the retrieval of complete;y dry and dusty ash f:qm depths ex¢eeaing 850 feet and
the abrupt cutbff of wafer-pearing,zones by thinly bedded ash beds less than
6 inches thick. |

The drill logs iﬁdicate that the effectiveness of thgse voléanic
ash beds as vertical barriers to groundwaterﬂmovement is dependent upon . (1)
clay mineralogy, (2) thickness of the ash fall or ash flow tuff units, and |
(3) lateral continuity of these units. At the lea;t, all altered volcanic
ash units are aquitards.;nd several of;the’thicker units are proven aquicludes,

As has been noted,‘flowing wells in the Calistoga area Are, with féw
exceptions, hydrothermal and yield sodium chloride water. Noting,the relatidn of
silica solubility to water temperature Fourniér and Rowe (1966) suggested the
possibility that hot ‘sodium chloride water rising from deéth, along faults,
mixes with downward-percolatiné cooler water causing the precipitafion of silica
and the subsequent . cementaton of material at"the:mixing interface.r White;
Muffler, and Truesdell (1971)'indicate that sucﬂ "self-sealing" phenbmena are
common in hot-water dominated hYdrothermal systems with teﬁberatﬁres in excess

of 150°C (302°F). Such activity, taking place over an area of several square

- miles, could produce a zone of relatively iﬁpefmeable'material that would con-

“ine sodium chloride water under a potentiometric head.
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Discovery of the subsurface pyroclastic aquitards and/or aquicludes suggests
an alternative explanation to the artesian or: free flowing properties of numerous
hot water wells delineated intthe well study of'the,galistoge area. The‘
rdevelopment of a potentiometric surface is dependent nponili(l) the intake or
recharge area being at a higher elevation and (2) the existence of confining
'beds between. the recharge and discharge area. Both of these conditions are
satisfied by the existence of the pyroclastic units and their expansive clay
horizons. Thus, the*presence of flowing wells that are discharging hydrothermal . .
water in the Calistoga Study Area is probably due ‘to the combined influence
of local confining. zones and the geothermally induced density differences of

groundwater.
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REASSESSMENT OF EARLIER CONCLUSIONS

Results of the drilling .program at Calistoga have shown some major dis-
crepancies when compared with the interprétations made from the geophysical
data developed during CDMG's pre—drilling'pfogram studies. Of fafticular
importance are the estiﬁatesﬂof'dépﬁhs‘to probable basement rocks that were
developed-during'the éeismic refréctibn_sﬁrvey,'and of sﬁbéurface hot water
occurrence based on low fesiStivity valges'measured during the electrical re~
sistivity surveys. A'diséussién of the broblems'éncoﬁntefed'tbgéther with
a reevaluation and explanation for tﬁe discrepancies is given below. Page
numbers given in the-discdssion]refer to the appropriate pages in the main
annual report volume on thé Calistoga geothermal assessment studies.

Seismié Refraction Survey
(p. 67-76, 91-94)

The results of the seismic refraétion surve& indicated four basic velbcity
ranges that proﬁably represent different.rock units (p. 68). -Of these, layer
4 (velocity range, 12,000-14,500 feet per secéhd) was attributéd to "probable
Franciscan basement rocks" (p. 72), althéugh this velocity range could also
represent volcanic flows. The seismic‘fefraction section along Greenwood
Avenue.(Plate 7, Part C) shows that this relatively high velocity layer is at
a shallow depth from the northeastern end of the line at least as far as the .
1600 foot mark, Frdmlstatipn 1600 to the‘sputhwest,-the contact between the
upper iéyers and iayer 4 (dashed line) is éhown to dip generally to the southwest,
but this contact is based on data of poor.qﬁélity. |

Moore #1 drill hole, which is located at about»station 1800 (Pléte 7,
was dfilled to a total depth of 562'feet.vahe projection of tﬁe Arroyo #2 drill
hole, which is at. about the 4200 foot mark on this line, was drilled to a total
dept£ of 885 feet. Neither df these driil-ﬂoles encounteréd rock that is likely

to have a seismic velocity in the range of 12,000 to 14,500 feet per second, with
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the possiblerexceptioniof tworthincsones-of,weldeu tuffrfoundbin_the'loweri
parts of -both ﬁOléS,:*HOWeYE?, thesezwelded)tuff zones.are'at nuch greater -
depths than the -top of layer 4 on the seismic Section{j'Thus,,it appears that the
dashed;line-representing layer 4 southwest of therl606>footfmark (Plate 7,
Patt C) is not an accurate representation of this:layer; lHoweVer, the apparent
dip of this layer in the seismic section is\similar_toithat suggested by geologic
units shown in the drill hole logs. o |
| The seismic evidence for the presence of layer 4 on the Greenwood Avenue
line is better northeast of the 1600 foot mark (solid line, Plate 7, ‘Part C).
The top of layer 4 in this part of the lineualsO"bas arsouthwestward’component
of dip, but this dip. is not large enough ‘to account for the failure to find
the layer in the Moore #1 drill hole. -However, a relativelyfsteep gravity
gradient and a resistivity boundary near the location of this drill hole
(Plate 7, Parts C and D) may represent a fault or faults 1n this general area
(p. 92). Thergravity profile also indicates that,ifra fault (or faults) is
present, the southwestern side has,moved’doﬁnward;erf sucb'a fault is located
northeast of therdrill bole, 1ayer 4 may be’oftset‘downﬁafdlt0~a depth greater
than the total depth of this hole (562 feet). '

Electrical Resistivity Suryey _k

(p."77- 94) '

In the mainrualistoga report, the cause ofithellouiyalues'of electrical
’_resistivity measured in parts of the area near Calistoga uas;attributed primarily,
to bot{water (p;‘77). ‘Howeyer, the,drilling progtameasireyealed'unexpecteoly~
large,amounts of clay (altereo volcanic tuffs)7in the;yailey.,'ThetefOre,.it is
likely‘that the obsetved lOWbresistivity'anomalies-ate.caused'byethe clay,,as
well as by the hot watet, because clay also is characterized by low values

of electrical resistivity.
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Hot water may have béen the agent responsible for the alteration of the
volcanic tuffs to clay. If so, there may be a close association between élay
zones and hot water~-that isJiunless the circulation pattern wiihin the reservoir
has changed. However, if clay zones and hot water are not necessarily associated,
some low-resistivity anomalies méy represent only clay zones. |

Accordiﬁg to the logs for the Moore #1 and Arroyo #2 drill holes, the -
geologic units in the upper parts of the holes are relatively flat-lying;
however, in the lower sections of the holes, units have a southwestward com-
ponent of dip. This is generally similar to the pattern of resistivity con-
tours in Plate 7, Part A . Furthermore, the méximum temperatures recorded in
the lower parts of these drill holes (159°F af 562 feet in Moore #1, 146°F
at . 620 feet in Arroyo #2) are close to or within the 20 ohm-feet con-
tours shown in Plate.7, Part Aﬂ, Thus, theré also appears to be a close

relationship between the.temperature and the resistivity data.
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'RESOURCE ASSESSMENT

Aigeothermal resource:assessment;“by'necessity, must'be updated, re-
fined, and reevaluated as more datalon‘alparticularrresource area‘becomez
available., Hence, SOme'of’the material presented below will_undoubtedlyrundergo
modification‘andfrevision as the low- to moderatestemperature geothermal
resource within the'Calistoga area undergoes'future development and
' study, |

Reservoir Model

_The geothermal resource at Calistoga is abhydrothermal convection system,
ror possibly, a ~combination of two or more hydrothermal convection systems. Such
, systems,require'a,heat source,,a fluid, and.sufficientrvertical permeability
for hot, low—density fluids to rise and, in most systems; be‘recharged by de-
scending cooler fluidsfi Convective circulation of hot fluids is the mechanism
that transports energy from the;depth tofreseruoipsinear the_earth'srsurface._
-Hydrothermal convectiveﬂsystems are most likely to,deyelop in’areas where :
there is a residual heat supply related to relatively young volcanics.‘ Lying
immediately southwest of the Clear Lake Volcanic field, which had ~activity
into Holocene time, the Upper Napa Valley is. bounded by and underlain by
Tertiary Sonoma Volcanic pyroclastic deposits that range in age from 3.0 to.
4.0 million years (Sarna—Wojcicki 1976) Thus, the heat source or "driving'
1mechanism for hydrothermal convection systems. at Calistoga is probably the |
’f residual heat from the ‘magma chamber or chambers that were the _source of these
E late Pliocene—Pleistocene volcanic extrusives.

- The second requirement for a hydrothermal convection‘system, a fluid, is
' provided by water, probably of principally meteoric origin, coming into con— ——

tact with this residual'heat source and thenvascending along fault_or.fracture -

_ zones in the Calistoga vicinity.
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Waring (1915, ﬁ. 109) earlf suggeStéd>that faulting was responsible for the
hot water seepage at the original hot springs at Calistoga. Faye (1975)
inferred the existence of a faplt aligned with the‘topogfgphic agis of the
Upper Napa Valley at Calistdgg. Otheré-have,at variousvtimes, speculated .
on the existence and location of féulting in the subsurface ofrthg Upper Napa
Valley. The geophysical studies conducted by CDMG at Calistoga;(reported in
the main volume of the Calistoga réport) indicated several areas of inconclusive,
but possible evidence of faulting associated with areas of known geothermal
waters. The physical evidence developed during the drilling pr§gram study tends
to support this hypothesis with some modification. It mnow appearsitﬁat heated
meteoric water is'éstendihg fault or fracture zones to near-surface deptﬁs.
The.locatibn of the two areas with the-hottest surficial waters, the California
Geyser at 135°C, and Pacheteau's at 1219C,:éfe"coincident with the projected
traces of faults mapped to the east. Both of these areas produce water ffom
drilled wells at shallow depths of 192 feet and 201 feet respectively. - Deeper

drill holes exist in close prbximity to both of these sites, yet 6nlyvminorA

' temperature increases with depth have been noted. Specifically, two test

wells drilled at the Géysers to GEpths of 787 and 836 feet and located at
horizontal distances of 360 and 630 feet, respectively, from thé Geyser well,

recorded bottom-hole temperatures of 124°C and 118°C. Although the temperature

‘logs of these holes show a continuous increase in temperature with depth, the

lower maximum bottom-hole temperature tends to indicate that the hotter water

(>135°C) must be confined and has 1itt1e.downsldpe-1afera1 migration. .1
Analogously, a well 1890 feet in depth has been drilled neérrPacheteaﬁ's and

again the temperature log‘showsra continuous increase with depth to a méximum_

L]

bottom-hole temperature of 134°C. Numerous wgils within a quarter mile radius

of this well produce waters in the 94°C to’121°C range from shallow depths up to -

200 feet. Water temperature shows a rapid falloff to the southwest from the soﬁrce;

this rapid falloff would suggest a cooling phenomenon with lateral migration from

22




a point source.

The localization of hot surficial water at the Geyser and at Pacheteau's
may be erplained<by water,fromva;deep seated convection system.coming up along
ra fault conduit,and;then.outwelling upward along~the basal: contact between
alluvial sedimentsiand pyroclastic debris flows. - -The geomorphologv1of:thef :
Upper Napa1Valleyrshows5a valley undergoing active alluviation, with erosional
surfaces protruding through the<Quaternarv alluvial—cover., 3oth the Geysers
wells and Pacheteau's wells are located at the distal,ends of erosional ridge
‘ structures that are coincident with: the ‘current erosional-alluvial interface,
The basal contact -may provide an:avenue for the upward migration of hotter,

] :less dense,geothermalffluids, especially‘in consideration of the.expansive
and self;sealing properties of the altered volcanic'ashlfall-materialv(clays)
preserved within.the alluviallsedimentarv section.r

oy Reservoir~Volume Analysis

A geothermal reservoir is a complex, heterogeneous volume -of rock
7 and water, but most of the thermal energy is-: contained in the rock. Most
volumetric estimateszconsider the reservoir aSja~volume,ofvrock and water
) regardlessiof permeability'and porosity! QThat is,itypically,,no attempt -

: is. made to Vdistinguish those parts, of ra xreser,voir .that are permeable and porous
_from those that'arernot.m However,'because offthe.information deve10pedrfrom the
drilling program showing a thick section of impermeable volcanic rocks sandwiched
between two water bearing alluvialzuneg,a zonation of the Calistoga geothermal

- reservoir was performed. o |

Area Plate 12 of the main Calistoga report 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,259C;f Anlapproximate»boundaryrline enclosing

the wellslwasfdraWn and then modified to fit_geophySical and other evidence as

appropriate;_'This boundary. serves as.an;estimate'of,the'lateral extent of the :-
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geothermal aquifer pending revisions based on future drill holes. The encloded
area is approximately 5.79 square miles.

YVolume:The Upper Napa Valley was divided vertically into four subsurface
zones. From top tq‘bottom‘these are: - (1) that volume of alluvial sediments
from the ‘surface down to 120 feet in depth, (2) residual voluﬁe of alluvial
sediments ‘lying below 120 feet and extending to the top of the underlying
southwest dipping pyroclastic beds; (3) volume of impermeable pyroclastic

material composed wholly of volcanic -ash and ash flbw tuff and (4) volume of

_ saturated pyroclastic material and/or alluvial sediments underlying Zone 3.

Zone 1 ~ Based upon information collected during the Calisfoga well

canvass and the drilling program the top 120 feet of:alluvial sediments has been

‘withdrawn from the geothermal reservoir assessment on the basis of water

temperature. Although saturated, only very isolated wells producé waters in
éxcess of 25°C from a depth of less than'lZO'feet in the Caliétoga are;.
Additionally, this depth coincides with the average at which 13 température logs
(Appendix B) show a markedly:high increase in temperature versus depth.

Zone 2 - .0On the basis of ggophysiéal work and the drilling program, the
thickness of alluvium has been shown to progressively increase in a south-
westerly direction af an assumed dip of approximately 9°. This dip has been

projected to the western margin of the valley, with a resultant maximum section

of approximately 1400 feet of alluvial sediments. Thus, the average section

for this prism yields an.approximate volume of sediments 640 feet deep by the

5.79 square miles of area that probably contains interstitial waters with

a temperature greater than 25°C. This gives a tentative mean reservoir thermal
energy of 0.52 x 1018 Joules. Kunkel and Upson_(1960) used specific-yield
values that ranged from 5 to 8 percent to egtimate the volume of water in the
alluvial aquifer, and Faye (1974) used a specific-yield value §f 6 percent for

the alluvial aquifer. A current hydrologic study in the Sonoma Valley by the
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Department of WaterVResources utilized a specific;yieldvvaluenof'6,95:percent =
(c. Herbst, 1981~personal communication) for'the alluvium. Because the alluvial
section and the large data base used by DWR in the Sonoma study are similar
to those of the Upper Napa Valley; a specific-yield factor of 6.95 percent was
utilized for the Upper Napa Valley. Thus, using a specific-yield value of 6.95 -
percent and assuming peripheral vertical barriers, an estimate of the total
quantity of geothermal water in storage ‘in-the upper alluvial aquifer of the
Upper Napa Valley is 135,000 acre-feet. However, based upon the DWR Sonoma
Study, perhaps only 10-15 -percent of this water can realistically be withdrawn
(C Herbst, personal communication), which consideration reduces the upper
-aquifer yield of geothermal water to the range of 13 500~20 250 feet.

Zone-3 - Both drill holes encountered a'thick section'of voIcanic:ash'and/
ash flowltuffs that contained no interStitial,wateryand-werefimpermeable
barriers to vertical groundwater migration, rhisunit'isconsideredito have no- -
storage capacity. o ' SR {f’ll-} . ~4

Zone 4 - The Arroyo #2 and Moore #l drill holes were both terminated in a
dacitic ‘ash flow tuff unit. Although the upper part of this unit appeared to
be welded and virtually impermeable, the. underlying scoriaceous material produced
a large volume of hot water. As shown on the drill 1ogs,~; very rapid increase
in temperature in conjunction with a large volume of water was produced upon
.penetration of the permeable scoriaceous volcanic material., Both~of these
~physical parameters were previously unknown, and this underlying aquifer may
; represent a major addition to the geothermal resource in the Upper Napa |

Valleyf Three major problems arise with trying to model this underlying aquifer.h

(1) the actual vertical thickness of- this unit are unknown, for neither drill
hole hit Mesozoic basement rocks, (2) the actual hydrologic properties (that is
permeability;hydraulic conductivity) of this underlyinggunit;are unknown because

the actual physical composition of the unit (whetherralluviaIVSediments or
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pyroclastic debris flows) is unknowni and (3) the lateral extent to the West
of this underlying aquifer basin is unknoﬁn.

The Arroyo #2 drill holé, which had a total depth of-885 feet, is the
westernmost deep (>600 feet) drill hole in the Upper Napa Valley area. As.
shown on Plate 1, this drill hole‘just bareiy penetrated into the saturated
dacitic scoriaceous material, with a resultant~increase,ié water.

The gravity profile (Figure 4, main Calistoga report) shows a thickening

of sediments to the southwest, although the largest gravity anomaly is located
well west of the currently projected structural discontinuity coincident with
Highway 129. Thus, if the Zone 3 pyroclastic beds are continuous to the west

and maitain a dip of 9°, the underlying Zone 4 geothermal waters would be very
deep 'at the western margin of the Valley. This fact could explain why geothermal
waters have not been delineated in this area; it would -not be because the
resource doesn't exist but rather because wells have not been drilled to depﬁhs

adequate to encounter the resource.
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 COMMENTS ON THE RELATIVE success a
OF TECHNIQUES USED THROUGHOUT'TﬁE'?RddEdT f

It is difficult to rate each of the technioues,used-in thencalistoga
projectias to'itsirelative successfulness conparedito'other*techniques.
Each technique used by CDMG has provided additional insight into the resource,
and it is the sum of results from all the techniques that has provided the
picture that we now. have of the geothermal resuurce at Calistoga. ’

Overall, the drilling program hasdprovided7the’nost'dramatic'results in,
changing‘our.thinking about many aspects of'the-resource;‘ However.’it was
information'deveIOped in other parts of the program'that'enabled the selection
of drill 31tes to best display the: important aspects ofthe reservoir and re-
source confirmation. It should be pointed out that without use of the dual tube
technique‘the drilling‘program would not have been‘nearly'as*effective as it
was in providing data for resource assessment. ‘ e = |

Geophysical techniques, particularly gravity and resistivity, have pro-
vided significant information.r Gravitz has shown an as yet unproven possible
extension of the resource, or possibly a heat source, beneath the hills that
border the Calistoga valley area on the southwest. Resistivitz, although
subject to some minor misinterpretation before drilling because of lack of f
knowledge of clay beds in the section, has proven a very valuable tool in .

locating high heat areas. The seismié'téchnique, although not a direct in-"

'dicator of subsurface geothermal-related phenomena, is a very useful tool in

developing a picture of subsurface geologic structure that may in turn explain

many aspects of the geothermal reservoir and the occurrence of themal waters.'
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The shallow-temperature-probe technique, although not utilized to the
fullest extent, provided excellent corroborative results for known areas of
higher heat and for areas where resistivity indicated higher subsurface

temperaturés. The companion micfoacoustic study, on the other hand, because

of escaping gas and a near surface waﬁer table which caused masking noises,
did not prove an effective techniQue for study in the Calistoga area.

Geochemistry has proven a valuable tool with respect to geothermometric

studies, and results obtained using’the technique very closeiy paralleled

the results that were measured using a down-hole temperature logger. A
separately funde& study detailing the use‘of ggochemistry in helping to develop
a subsurface geolpgié s;ructural pictﬁre>is in progress (Majmundar, in
preparation).

»One very important technique that was used to gain an early picture

of the locations of the highest heat areas was tﬁe canvass of therldcal area
ggll§,.including tgmpqraturg probe and,chemical watér sampliﬁg. ‘Such a .technique
is, of course, notvapplicéble where only one or two wells»may be avéilable, but
in Calistoga it waé possible to develop an early version of -the. temperature
contour map (Plate 13 of the main volume of the Calistogarreport) with which'
to furthef refine our study area and to make more effective use of proposed
study techniques.

In general, each of the techniques,répqrted in the,maig-volume and
drilling addendum of the Calistoga report h;s prpvided useful information.
The degree of usefulness of oneutephnique over the other may varyrfromrdne
locality to another. Experience using a givgn technique in a,giveﬁ geologic
setting méy improve the usefulness of the technique and theréby enhance'ihe

returns that may be expected for its use.
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: APPENDIX A ' '
DRILLING METHODS EQUIPMENT AND PROCEDURES

Drilling Equipment

The drilling was performed by the Water-Deuelopment'Corp}'of Woodland,
California using a DrillTEK D4OK Top Head HYdraulic'Driye Rotary Rig equipped
with a 750 CFM/250 psi air compressor and utilizing fluShrjointed dual tube

drill pipe 5-1/8 inches in diameter. Dual -tubepdrilling,'as the name indicates,

is based on the use of double-walled or concentric drill pipe.‘ The hole

: 1eaning air (or fluid) is circulated down the annulus between the inner and

outer pipes”to the drill bit (refer to Figure A-l)‘where it flushes the cuttings
up through the: center tube at- high velocity (nominal is 7000 feet/per minute)

The rapid flow of chips and formational water is passed into a cyclone mounted

on the rig from which sampleS1can be easily collected. o e .

Because the outer ‘tube supports the hole and circulation is maintained

internally, surface casing can bhe eliminated. This results in one of the

-gystem's prime advantages &'the,ability to'maintainzcirculation even while drilling

in caving or unconsolidated strata,:voids,'or»highly‘fractured'ground. Using

proper drillingAand1samplingrtechniques, chip and water_samples'from dual-

tube drilling are in little danger of contamination'from-wall erosion, are

free of foreign matter, andrtherefOre’are'highly‘representative of the strata

- encountered. ~ In addition, because the'casingiis‘carried‘downéwith the drill

bit and in effect="seals of " eachisucceSSive"interval; itiis pOSsible -
to obtain uncontaminated water samples from each’ aquifer encountered while

drilling with air. '
: AnalySis,of»Dual—TuberDrilling'Method:,jg

The test holes that were drilled by CDMG provided physical data on the

stratigraphy and aquifers that would never have been recoverable by other

drilling methods, The following are somevofvthe outstandingrresults‘obtained'
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in this project using the dual tube equipment.

e The identification of aquifers separated by dnly inches
of altered volcanic ash (smectitic. clays).

* . The ability to extract uncontaminated water samples from
these aquifers.

¢ Identification of yield, chemical composition, ‘and temperature
of individual aquifers.

* Delineation of distinict, very thin, aerially deposited
volcanic ash beds and delineation of cooling units within
volcanic ash flow tuffs.

° Sampling and retrieval of dry altered volcanic ash from depths
~ranging to 870 feet.

Problems Encountered
Within alluvial sections comprised principally of saturated sands. and
gravels, drilling advance was fast (40-60 ft/hr) and problem free. -However,

when transition zones containing clay (wet to dry to dry to wet).were encountered,

" tools became plugged very easily.. As shown on the logs, dry zones were principally

composed of alte;ed volcanicuash thét had, upon alteration, formed relatively
impermeable clays that were very plastic. Because of the high degree éf‘plasticity,
the tri-cone bit merely deformed or remolded this clay'without breaking it up
enough tolfree it for discharge up the inner barrel. When this happened;-either
the clay was forced into the eigﬁt %-inch diameter air holes between the sub and.
tri-cone bit or was extruded up into fhe inner barrel. In either‘éase this
resulted in plugged tools and necessitated pulling the tools out.of the hole

for cleaning. At depths below 400 feet, with caving conditions>in the hole,

it took as mcuh as a two-day turnaround,,in some instances, to reoccupy the

hole. On the AIfOYO'#Z hole, for example, tools were plugged seven times

below 400 feet. This is the major reason why total footage of only 1652 feet

was drilled under the cdntféétwhich sﬁeéifiéd é basis of time and material payment
to the drilling contractor. As experience was gained in arilling in the somewhat
unique Calistoga geologic conditions, it became possible, through Carefu;

teamwork between the geologist and driller, to avoid some t001”plugging by
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immediately removing downward drilling pressure when a clay bed was encountered.
+

The geologist quickly notified the driller at the first sign of clay in the

cuttings, and the driller then either removed down pressure or applied a

lifting force to counter the weight of the drill rods and tools.

Sampling Procedure-

"In the dual.tube'air,drilling method, because the outer tube.Supports
the hole, with circulation being meintained internally, a 100 percent re-
presentative . sample of materialsibeingrpenetrated=by the bit islcontinuOusly
'delivered to the surface—as long as the drill is operating. This proved to
he extremely-advantageous‘in retrieving not only,lithologic sanples; but

also uncontaminated water samples from various discrete formational aquifers.

. Weter Sampling:

Water samples vere taken From ell‘formationelfaquifersrencountered in each
drill hole. Because air was used as the drilling medium and because the dual |
tube pipe"Served to ‘seal off and 1solate intervals, it was possible to monitor
the exact waterrcontent'of,the intervals of differing lithologieslthetfwere
encountered,'as‘Shown ohf:hé logs (Plate 1). | Typically, ‘when a water—bearing
zone was encountered, drill’ rotation and advance were shut off and air S
'circulation was maintained for five to fifteen minutes. This procedure allowed
the drill return water ‘to partially clarify and reduced the time necessary
to filter the waterfsamples. Water samples were filtered using a vacuum pump
and a 0. 45mm (micrometer) membrane filter. The filter‘was rinsed_with distilled ‘
deionized water immediately'prior to use. TheTplesticfbottles:were rinsed’
first with the filtered sample,‘endvthen the‘filtered'senple wes"collected;,'

. The water sample collected from each aquifer was’ subdivided {nto four
separate bottles:' one 125 ml filtered non-acidified for chlorine and fluoride

determination; one 125 ml filtered non-acidified for chlorine and fluoride
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determination, one 250 ml filtered non acidified sample for carbonate, bi-
carbonate, and total dissolved solids (T D S. ) determination' one 60 ml filtered
acidified (10% HNOs) for all cation determination, and one 125 ml. filtered

acidified (1 ml HC1l in 125 ml sample) for sulfate determination.

Details of samplingvtechnidues;“use'of the air pressured filtration -
equipment, and methods used in laboratory analyses are<giVen‘in the main
volume of the 1979-80 report to DOE on the'Calistoga‘studies; and in a:separstely
funded geochemical report on Calistoga (Majmundar, in preparation).

The first site, Arroyo #1, was located on a farm road in the middle
of a vineyard. For this reason, the first 60-70 feet‘of the.well-waS‘tO'be
cased and cemented with.steel pipe and bentonite mud was used to drill the
first 70 feet. Because of the usage of bentonite, the waters sampled contained
bentonitic mud to the extent that filtration was impossible. Therefote, all |
the collected wate;isamples in the upper part of the hole was discarded down
to about 150 feet in depth.

Only two water samples (M-001-80, M-002-80) were‘eollected,at depths of
155 and 180 feet, respectively, from the Arroyo. #1 site while drilling. The
third water sample (WR #1) was collected from the drill-site, using a downhole
sampler, two,days,after‘the dtilling;operation had ceased. '

Fifteen water samplesr(Mf903¥80 through M-015-81) were colleoted'at
various depths, while drilling the second well site, Arroyo #2.. Though
bentonite:mud was not used in drilling the second and third wells, clay;sized
particles of volcanic,ash wete.in.colloidalgsuspension in the water samples
making them impossible,to filter. Therefore a new vacuum filtration technique
was adapted from labortary procedures for field—filttation., This vacuum fil-

tration system was;usedufor all samples collected following sample M-028-81.
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However, even using this procedurevit-was necesssry.to‘filtér”each~sample~ E
several times until the sample water cleared.’ | | |

Eight samples (M 016-81 through- M—023~81) were collected during drilling
of ‘the third well, Moore #1. -Two of these'samples~were from the fresh water
zone, and were coilected>from'e seperate, previodslyrdrilledVWell, 65 feet
deep, ‘located 50 feet away from the Moore‘#l'wéilesite.i SamplefM;OIG-Bl’»
is from this weil'collected'at:12 feet depth, end sample;M;017—81-is from 65 -
feet; The reSt of thersikVWater samples”(MwOlB—dl'through-M?023-81)'were
collected at various depths‘during the drilling operation.: The weter
logs of the three‘we115'are givenfwith-the geqlogicaiﬁlogs-on Plate 1.
' Lithologicrsamplingzi’ | '
| To facilitste'lithologic sampling5~the mimtﬁreeof air-rock.particles,‘snd ‘
- water coming from the return line is fed to a centrifugal separator or. "cyclone '
where solid material is removed and discharged into sampie splitter. Chip
samples were collected by inserting Gilsen screens into the discharge outflow,
;vtypically a 40 to 100 mesh stack, and by visuslly.estimating the lithologic
_ clessification of~thelsp1it msterial. :Standard‘tore boxes were'nsed to preserve
bulk samples of’the'materiais encountered’throughopt'thefdrilling process,‘
and speeiel small samples, representative of a given-interval;‘were retained

"in water-tight plastic bags.

, Field Analysis L o
A coutinuous'temperature log was maintained by utilizing a digital re- i.
sistance temperature probe manufactured by Gisco-Keck Geophysical instruments :
(#DR—787 digitsl temperature meter) This temperature probe was attached to '

a float, which in turn was positioned immediately to the side of the direct
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flow discharge outrof»tne cyclonelinto a large metal barrel. This method
facilitated accurate and continuous temperacure measurements of encountered
aquifers without exposing the probe to abrasive wear from rock particles within
the discharge. 1In areas where damp or wet slurries were being produced, samples
- of the discharge material were collected, and a temperature was taken with a
hand-held conventional mercury—in—glass-thermometer. In addition to temperature,
the pH, selinity, Specific~£onductance;,and semi~quantitative chloride content
for water samples were ‘determined ‘in the field along with wvarious acidifications
and dilutions of filtered samples.

Actual water content of encountered aquifers was monitored by measuring
the discharge at the cyclone in gallons per minute, and recorded as a range
of volume on the drill log. These gallonage figures do not indicate total
yield of the encountered aquifer;. they are only relative volumetric measurements.
As shown.invthe schematic of the dual tube pipe (Figure A-1l), the area avéilable
for actual aquifer transmissibility is the residual volume lying between -the -
roller bits on the tri-cone.. Thus,‘e gallonage figure of 10-15 gpm on the log
would in all probability be equivalent to a yield considerably in excess of that
amount if that aqnifer-section were developed with a conventional, larger diamefer,
perforated well casing or-with wellﬂscreens.

Chip samples were continuously monitored at the cyclone discharge and bagged
samples, for latervenalysis, were collected at 5-foot intervals and/or at lithologiec
changes, whichever came first. Sample clessification was based on the United
Soil Classificacion cfiteria'except nhene:rock (volcanic esh.end nelded tuff)
was enconnteredQ The logs (Plate 1), except in those instances, show standard

soil classificatlon symbols. One special symbol was added for a clay apparently
derived from 1n—s1tu alteratlon of volcanic ash. 7

Physical and mineralogical composition of the sand and gravel fraction™

was noted on the log. The clay and silc-fractions of the sample were color

coded by using Munsell soil color charts immediately after sample collection.

N
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This immediate color codiﬁg was,neceséaty'ip‘@fder.to-stgndgrdize descriptive
clay colors, for it was found that :a@ic;; ﬁcp‘lprv g:bangeé, occurred upon exposure
of the sample to air. This fact is exemplifiéd by a dark bluish-grey altered

volcanic ash (clay) that immediately oxidized to a ligbt,olive-brown color.
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APPENDIX B
LITHOLOGY ‘OF UNITS AND DRILL—HOLE DATA

' ?Litholbgic‘Description-of Units

Alluvium.

In this-report, 1ithologies 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, Sims, Bartow and
Helly (1973). Subsurface st:atigraphic cotrelation to these surficial deposits
has not been attempted, althoughva‘discnssion'of erosiOnal surfaces.is presented
in another section.

As shown in the logs 1-3, the'alluvium'consists of interbedded unconsolidated
gravels, clayey gravels, silty gravels, sands and clays probably comprising
channel, floodplain and alluvial fan depcsits. For the most part, these alluvial.
deposits are poorly sorted and composed of sub?angular volcanic material, The
gravel and sand’fraction principally falls within the dark colored basalt-
andesite-dacite compositional fange with minor lighter colored rhyolitic material.
The silt fraction within these alluvial sediments consists of fine grained
pyroclastic-derived material and a large percentage of clays probably derived
from highly altered volcanic ash. Thickness of individual facies is highly

variable, ranging from less than 1 foot to a maximum of 50 feet.

Silty Clays

This specific unit has been‘split’out of the alluvial section because of
its importance to the stratigraphy and because it serves as a groundwater barrier
within the Upper Napa Valley. Units.shown as silty clays on logs 1-3 are

typically composed of highly altered volcanic ash, which exhibits a very high

‘degree of plasticity. Undoubtedly some of these clays are derived from re-

worked pyroclastic material, but some,of them are the result of in-situ
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alteration of direct ash fallsmaterial_thet has not beeh'reworked.”othis
factbis discussed.further:in this'reoort in the:Stratigraphy‘and‘Structure -
section in the body of this addendum.

These.silty.clays{typically.exhibit a dark bluish_greyjcolor (535/1 to 5B4/1)
(see Munsell soil colorechart),;and are composed of expansive clay minerals ..

. of the smectite group (formerly. the montmorillonite group), very minor residual
lithic fragments,_mafic mineral:assemblages of hornblende and/or hypensthene and
diagenetic.pyrite,crystale.r,Although;the bluish-gre&mcoloruis typlical of,theser.l
clays, being withinra reducing environment, some;units-docexhibit.a,dark.reddish—_
brown,color,probablyvindicative of an advanced stage of oxidation. .Laboratory

7 anelyses of these clays by James Poét,VSacramento stete University,;has confirmed
that most'fall within the smectite group; However,.one sample, A—lOO,,was
described as an ordered layer clinochlore. ’ |

| These 'silty clays;(altered.volcanicrash, probable aerielxdeposition)
exhibit the characteristics of~being'aquiterds and/or‘aquicludes;‘but because -
of their 1imited stratigraphic thickness (0.5 to 5. feet) they have assimilated
moisture ‘due to contact with hydrothermal water-bearing alluvial sediments.
This fact, has resulted in a higher degree of -alteration (that is, a greater . . -
percentage and/or‘variability of.smectite:minerals)_tban.material21ogged as .
altered volcanic ash. |

kAltered Volcanic Ash

This material has been differentiated from the above silty clays principally
on the basis of moisture content, degree of alteratiou, and color. Mineralogically,
this altered volcanic ash -- composed of devitrfied glass shards, mafio mineral
assemblages}of‘hornblende,5hypersthene;and eugitefjandéclays,(probably of‘the;
smectite group)je-_is almostridentical toithefoqits thar:were logged;asﬁsiltj
clays.. HoweVer; because of two ph&sical facts - namely,'(l)zformation of |
expansive clay minerals (smectite) with resultant self-sealing properties, and

‘(2) stratigraphic thicknesses measured in the tens of feet ~~ this volcanic
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pyroclastic materiélf»has rémained dry.: Extracted from depths in excess of
750 feet, this”volcanic‘aSh'wés'diétharged from the cycldne in the form of
clouds of dust.

Colorsivaried-from'a very,&ark'gréyish—blackithrough dark to light greys,
and reddish-tans to a light gfeyishZWhite.. Coior changes typically were
accoﬁpanied{by a-chénge.iﬁ'particlé“size distribution and were interpreted as
being volcanic ash fails intefcaléated'ﬁith pyroclastic ash flow tuffs. Particle
size distribution is within'the'clayééiit range (.063ﬁm to 1ess;than .002mm)
forithe air fall material. Thickness :anges upward to welded pyroclastic
ash flow tuffs that measure tens'offféét'thiék and shOW'remmantrpumice fragments,
> lem. in length._v ‘

Ash-Flow Tuffs

Several discrete ash-flow tuffs, fanging from‘Semi—unconsolidated'pyroclastic
debri to highly siliceous weldéd dacite tuff were encountered in both the Arroyo
#2 and Moore #1 drill holes;'_' |

Both driil holes bbttomediin.a‘blaék dacitic tuff characterized by diagenetic
euhedral pyrite crystals and minor‘in—fiiling‘of voids of silica. Thickness
exceeded ten feet, but in bdth CéSes'drilling had to be terminated within this
unit; so actual stratigraphic thickness is unknown.

This black dacitic tuff is overlain by approximately five feet of a 1ight"
greenish—grgy colored dacitic vitric tuff that exhibits an advancéd degree of in-
duration. Glass shards apﬁear‘weldgd and fused, and the unit éppéars to represent
the upper surface of aﬁ asﬁ fIOW'cbolihg ﬁnig.'. |

The abdve»groﬁﬁ of’Beds is‘oVerlain by approximate 25 feet of altered
volcanic ash that in turn is'dvetlain'by 20 feet of greyish-black dacitic tuff.
The tuff appears to be composed of lightly indurated ash flow matérialvthét
locally has been resilicified. Interstices between lithic.fragmgﬁts are often

filled with a soft opaline(?) material.

¢
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The uppermost ash flow tuff encountered is a greyish~white to greenish-
grey colored dacitic vitric tuff, This unit exhibits a highly siliceous welded
matrix, with individual lithio fragments almost indistinguishable, This
tuff is a hard, yery’iense neteriel;3and.exhibits-eharscteristics of_a cooling.
rind. This highly siliceous unit, grades donnner& into ; greyish;oleck tuffithat

}consists of pyroclastic lapilli with accessory opaline(?) silica filling natural y
voids. Sulfides are present as pyrite (Fes), and are. probably of diagenetic
origin; pyrite typically consists of fracture filling and surficial coatings

on vitric (pumice) fragments.f“
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_Lithologi¢ and Hydrologic Logs

Water Content Definition

1 gpm
1-5 gpm
5-10 gpm

10-15 gpm

‘Actual water yield measured at the discharge with drill
rotation and rod advance shutoff and air circulation being
maintained through dual-tube rods.

WET SLURRY - Material prodﬁced from discharge has enough free water to sus-

WET

 DAMP

DRY

VERY DRY -

pend particulate matter but impossible to filter for a water
sample. Behaves as a fluid but has a high percentage of solids.

- Material has enough free water that water can be extruded upon

. hand squeezing but a water samplevcould not be attained.

- Material will not produce water upon squeezing but contains
minor interstitial water such that it can be molded and remains
as a coherant mass.

- Material cannot be molded, is,non4cohesive, and was discharged
accompanied by minor clouds of dust. y .

/

- As above exéept material was discharged wholly as dust.
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" The Resources. Agvm:y

mvusuow OF MINES AND: GEOLOGY
_ DRILL HOLE LOG

JRALI RLLILIE 3 BB LR U

, : 3 S ‘ ”-Hmjuo_ngmeil____
Cahstoga Low Temperature Geothermal e __ ELEV.
. . ; SR R ' oepte 362" 1D
| _Greenwood Ave. - . ' DATE DRILLED 1/27/ Bl - ATTITUDE_ .
LOGGED BY_Gary Jaylor : con'rlz._Wa_';.ez_r_Ds‘E_ls.E.@s_n_t__om:.L RIG__D4OK  WATERTABLE_ 2"
*  Water Content - is- amount of water produced at the dlS-“ ‘
. charge by only air circulation and is a minor fraction
of the yield that could. be produced if that aquifer was
-developed. by standard we]l methods.
c}',’ﬂiﬁf Loc . CLASSIFICATION AND DESCRIPTION T SANPLE! wope g nsmnxs
251 Z : ‘j0.0-3.5 Topso:.l = Roadbase & Dump Matenal R o ' Dr1111ng with 5 1/8" 1
-’-‘“"“‘,"-.._.,.....,..2 5_ Water Level SR , 5 [ri-Cone Rotary Bit o
BN P -?a-—g-—s——— : S e [ pnd Dual-tube rod =
o 3 5-30.0 Gravel:- Saturated, poorly sorteo‘, . 3

0

No cutting in c clone ]
var.’ colored volcamcs, sub-angular SRR ring yeio

U
o
-
2]

[
o
-
g
1)
]
o
[
=
.
Q
[
1T

T

kide of tools

&7

y ol
‘\\\ NN

*

R \".’{.

n'i‘tllnnaia'nl'l!-1||||||1a'lJL1‘L
NI ANANESERNE NN

e Y

‘7"'40.0'-417):'.0"»,'C1:ay'e'y' Gra{relsé: daixiﬁ,' 1566:‘1}5 S. FAll samples are cuttih:z

JO NI 0 D M B

Il'llllnl'leR‘v’Llllil'x&l‘ll,lli'i|"l ‘I‘l-“nlnl]ennl lll‘l'llﬁ"ll‘l"lll.'llll'll

l!ll‘lll!.lllll~ll‘l”l‘il'Ill,ll.ll.ll

" |eraded, sub-rounded var. colored volcanic recovered from cyclone
Lg)red. basalts & andesite w/minor.rhyolite. .
& |10% s11ty-c1ay. yellow:.sh-brown, plastic.

o YR 474

- AO 0—45 0? Clayey Sand: damp, poorly .
a2 korted, med. p1ast1e1ty, dark yellowish _,
rown 10 YR 4/4 ' .

-ﬁ;j R

TR TR CE FREWE RUTWW NEY T I W
lnnl|ll||ll

O RN RN R

l’ ' ) -

N ; T TR Lo T S Jaéhout of w.:-iter arous
&A :#}  K5.0-75.0 Gravel: dry, poorly sorted, 807 tools " no cutting comipg

: B PR B A ——
N il coarse grained var. colored sub-angular ... put .of return - v

. ‘.’. : volcamcs, 102 sand and 10% s:.lty clay - vshutdown on 1/27/81
\4.\ '..,‘-- . : . .
B B A
R ¥4~

lll'vl.!_-l.‘l“'_'ljl“l'l"'lllljl“llll'll*".,b'!_"'"u"v’l"ll“"’.!""

WANATAYAY
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Jute of L.alitornia
The Resources Agency -

DIVISION OF MINES. AND GEOLOGY HOLE NO.
’ ' : ' DRI L HoL OG | ’
PROJECT & FEATURE LL HOLE L
foeptid waten | 1oc- CLASSIFICATION Aﬁo’nescmmou S| wooE | REMARKS -
! v Same as 45.0-75, 0 except sand fractzon | EE T R |
I increases to 15-20%. e + Dusty Drilling E
52. 81.0-95.0 Cl‘azez-vSand: Danip,"i poorly gradef | EE ' 3
4 |w/minor gravel, clay: lt. olive color + 2
T }q ‘Iplastic, 2.5°Y 574 o . T ]
19 s ¥ E
3 ; T : ) ¥ 3
3+ 1 : 95 0-98 0 Sandz Claz damp, 701 fmes, low T g
_ ,‘i: plasnclty, dk. gry-bm ¢olor 2.5Y 4/2 1 ..
- i ra 3
v 1e 8.0-115.0 Silty Gravel: Wet, 80% gravel, |- + ~ ]
B s sub-angular, hard var. colored volcanic 4 -
B ‘{rocks; 207 fine, non-plastic, olive brown {Z~Z. T -
T pe m-z 5Y 4/4 Silt. I R i |
¥ obd ,:-\ 1Mud S"l,urry léas temp.
1 4 ¥ of 15°C (59°F) 2
¥ ¢ T ' | 3
T H—115.0-122.0 Sandy silt; saturated, non [~ F ! 3
£ . .0-122.0 San ilt; saturated, non 4. . -
I plastic¢, quick dilatency; 107 fine-grained] ' I -
-+ 4z |dark-colored volcanic sand, it. olive brn s o e
ey f2.5 ¥ 574 | 3 . .
o F #|| |122.0-159.0 silty Gravel: saturated, =2 + i, =
I 4 75-80% gravel, sub-angular, hard variable ST : e
‘ .1: ) colored- volcanic rocks, poorly serted; {1 -
i : A © {20~-25% fine, med-plast:.c, 1t. ohve brown X -
I color, 2.5Y5/4 : R ]
-3 ) 0 T :
Jl& ? 4 .7_"4'2.5__ -
I LR I N
X e | x -
1 ' : I 3
X v/ i~
3 1 Mud slurry temp. at J
o o : X 30°C (86 F) 2
.:.. ‘ g i ZZ2Z 1 not enough HZO to ta
3 \\( o nive e T T+ a sample -
:\3 159.0-161.0 Silty Clay: saturated, low- S :
I 7, plastic, quick dilatency; 10-15% dark A
e / & colored volcam.c sand. 1lt. bluish grey 78
LT 13 N =
+ color. I
i ¢ 161.0~173.0 Silty Gravel; saturated, I
s 802 gravel same as 122. 0-—159 0 i
1 iR - I
Pu 3 y 173.0-175.0 Sllty clay (altered volcanic . 7T
F iV 1s lash), wet, plastic, blu:.sh-grey color ) I
T 507 5B 5/1 -
vod 75+

=75

N
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The Kesources Agency

DIVISION OF MINES AND GEOLOGY . HOLE wo.
DRILL HOLE LOG -

PROJECT.& FEATURE

WATER o . ISAMPLE
DEPTH WATER 1. toc . CLASSIFICATION AND uzscmrnou » NO. | woDE REMARKS

I e ]175.0-179.0 Slltz Gravel. same as 122 0~
I 1 ' 159.0 7

179.0-180. Slltz Claz 5B 6/1 .. .
180.0-183.0 Silty Gravel: wet, 1lt. tan col
183.0-184.0 Silty Clay: 5 B 6/1
184.0-199.0 Silty Gravel: wet, 80Z graveL
sub-angular, pred. dark colored volcanic
rocks; 20% - flne, plastlc ollve gry silt

5 Y 4/2 o . . o

™
L2 ]

[ S

H

g

faatadtaaalesas

0 temp at 32°C

2 (89°F)

griregoroeer

W NN NN S
LR

L]
L M 0w

199. 0—200 5 siltz'CIaz,bluish4grey 585/1,: iy H,0 Temp'at;369C

.l{-ijln. v bt a sl aa it aasatay

e 200. 5—210 0 letz Gravel. same as. 184. 0-
14 ¢497 199.0 - EE -

27 1210.0-216.0 Silty Sénd:  saturated, 80% .

1 sub angular var. colored volcanic sand;

l54120% - fine, non—plast:.c, gry-brn color

. 2.5Y 4/2 S

“J1ellt - 1216.0-220. ) Slltz Sand: Same ‘as above,
[} |except 1t. reddish-brn color-

220.0-230.5 Silty Gravel: Saturated,

42, 907% sand,§pd gravel, var. colored volcanlc

&||  |with redadxide coating; 10% fine 311t,

,dgq‘lt. reddxsh-brown color 5 YR 4/4

H20 Sample taken at
210" and 36°%C

1l1|ty|111nlnn.nlLLn:llLJnlu.n.l.n..l....

4
E.llllilll'Lll

|l‘l l~’ll<lal

Reddlsh-BrOWn color -
appears to be oxzdzg;ﬁ'
sulfides within andegjite
probablﬁ'FeS

.
- Do -

'/‘3_:;'54” B

o

'“"*t—_‘-4?***‘*‘”—*r—45—_§g> X
Ll.n‘]nlu TN PR 111!‘1nl‘l VR LT

E{’
N

l<l'lil'llllllllllll‘lll.

N
R

"'illll‘iQII‘l'tl‘vr‘lxllluv‘

" "ié'.,'/f'i "
| §

230.0—233;0 Sfﬂfz Gravel: same as above
-|but with-1t. tan color to silt.,

| |233.0-264.5 Silty Gravel: saturated, 902

pred. dark colored volcanics prin.

‘,' andesite with minor wht. rhyollte clasts,
107 flne, olxve-gry silt 5 Y 4/2 &

LA Bt B 2

HZO Sample takgn ;
a8t 242 45 c .

"l,lll_l'lyll_llll‘llllllI

Trrr Tt

LA B 2t 2at

U LSRR

N) slme
IN .
—

264.5-267.0 SIity Clay: 5 B 4/1
267.0-292.0 Silty Gravel: - saturated,

poorly sorted, var. colored volcanics
S Y 4/2 color. '

4

‘nlllillll..LIN‘\lllll'lll!]l;lllllll'llnl.l.llhln

zllllll]l'll‘ll‘v;ll"ll TH§i ey
paaele e o nn Bogas bt ot alpantlonesloosotattatepoglesss

itdatlia g

l'll“'l

%6 — . ~—SHEET 3 oF 2




Tho Ronvrcts Agency

3
1

. E 4 ) \
[FEENINNENE FTWTE NN N I T P n;k
=t

325. 0-»327 0 ng Claz damp, dk. blulsh-g ey, e g

| ’ AN
NETINEUNERE NN

‘2

DlVlSION OF MINES AND GEOLOGY HOLE NO.
DR : o '
PROJECTALFEATURE L HOLE LDG .
[oeers cwaren | Loc Y .;ussw_lckﬂdu ANb.6§STCR|P*IQN, . PPARPLEl wooe | REMARKS
4 ~ +
292 F 7 1 1 A
¥ il LEL:: " 8,0 sample taken at
F y = o . n at
1 )i I F 2 282" 46°c.
I #| |92.0-206.5 siity sand: saturated, 5z |-
v + L ¢" Sub-angular ‘volcanic s‘and 5% gravel; B N
I it > 10%Z ﬁme, non-plast::.c 5111:, ol:.ve—gry colm P
S T B HE '_”5 Y4/2 o |zzF
<+ L4 ) - : N
SR fl 294, 5-311 5 S1lt‘z Gravel: saturated, 90% I
,' I ®li |sand & gravel, poorly sorted, var. colored{ .
302 T . volcanics princ. ‘dk. gron-black andesite & | - T
+ 1T 6wlbasalt. w/ minor unaltered sulfides £.5- N '
+ »|| [L0% siie, non-plasnc, 5 ¥ 4/2 ¢z T Rig shutdown on
3 RN X . : 1 1/29/81 'l'ools plug
X1 fll : rze T
- y o 311 5-312 0 Slltz Claz Blulsh-grey 5B 4/1 - ':'::
_:-_ 1 312.0-325.0 Silty Gravel: same as 294.5- | - _--_-,_- R
1 / 311, 5 except 1of;5z wht:. _ghyt_?llte gravels.] = T 320' Temp 113°F.
¥ | SR o ¥ 2 '
-4 &5 -t
322’ T i R
- 1? I3l

.t

H,0 Sguple at 322'
46 C..

Welded tuff chips
flltez;ed out of slur;

gl l‘ll

!}1-.1:(11!1lll‘lullinn|In‘ul|i|’nl'in|".|In'n.|lnltlnnhn,ﬂln‘uluulnu‘l‘.-.n'.l'n...l....

a7

[ 2257 €€ lcolor 5B 4/1. , =

p 327.0-335.5 Slltx Gravel: - saturated, 901 4
N { Ivolcanic sand & gravel, poorly sorted; 102 T
- $ 4 ”hsxlt SY 4/2 , T
;"-5 — 335. 5-342 0 Slltz Claz damp, hlghly plasi ic, ".:..'
3 ' /// - ldk. bluish-gry color: 5B 4/1. Altered =327
- /44 volcanic ash. ' R =
A “7 - 1342.0-350.0 Silt Cla damp. hxghly plastic, T
-] {/ . [gmall amount™of silt, dark reddish brown | ___T
R 4 [2-5YR 3/4 (oxxdlzed volcazuc ash) =
3 /d |
N o / 1350. 0-356 0 Slltz Claz Damp, h:.ghly plastic, _T
[ B o8/ small amount of silt olive grey color - |rs2T
F ] }/;Lz Y 5/2 o | | =5
3 S A—1356.0-370. 0. Slltz Claz demp, hlghly B P
- Al lastic, small amount of silt, grey color | +
- /,‘, _|5Y 5/1 Remmant mafic crystals (hom—blende o
B N %‘. fpnd/orx augn:e?) S,
L N AR I
Y & E3
- B, I
= 44 —1370.0-375.0 Silty Clay: damp, highly plast}&2Z 1
K Z/ ‘ninor silt, greenish-grey color 5GY 5/1 I
- ‘74'( RN ) - . b

Z___OF

- -SHEET




_3tate of Latitornia
The Resources Agency

_DIVISION OF MINES AND 'Gsowev " HoLEe No.

e “DRILL HOLE LOG S -
PROJECT& FEATURE : o S Coo : C :
ferduren Tos | cLassiFicaTion anp pEscripTion - |SANGEE wobe | emarks
1 %Al . 375.0-382.0 Silty Clay: (altered volcanic =22 T 3
T : %‘z sh) Damp, very plastic, mmot 511t, B ]
B B % Flu:.sh-grey color 5B 6/1. . -+ -
szt | KA B - ]
T+ | 82.0-385.0 Clayey Gravel: dry, poorly " -
. £J\6¢ [sorted, dk colored volcanics 90Z; silty |x37 T I
+ | X/.sc' clayleZ',gree'nish-gry color “56Y 5/1- - + Dusty Dr1111ng 3
T / Doy e e R ' I Rig Shutdown on h
+ 1 é . + hrosst <
ile s T :
3 Y 395. 5-403.5 Sl.ltz Clay: damp, ‘very plast:.c, A:E- E
SRR ?zz bluish-grey color 5B 5/1. appears to be - I -
s /A; _ fjpltered tuff with transition zone gomg T 3
oz 1 4, d into hard silicous tuff. T IDrillers "Bone" ]
+ - 03.5-409.0 Welded Tuff;jvarigated color ' 4+ :
T Y- = hite to greyi sh-green, highly siliceous, ninor N e
R y g ylfides (iron - pyrite FeS). Feldspar : 7"4 /Ty 7
IiN ltered to clays . : I ]
T b 7;/‘111 409.0-411.5 Silty Claz (altered tuff) + B
B 3__"-" ~Pplastic, ‘greenish-gry colp: 5GY_5/1 r -
T 28 542 .5 Welded tuff with altered -'-_T , E
‘ ; $11.5-424 .5 Welded tuff with al d )
I o . polcanic ash: greyish-black color, highly I 3
s »y iliceous tuff with minor FeS sulfides; r#z-- : e =
‘4 = ltered ash, 1lt. grey. color 5Y 6/1 mottled - ‘|Pusty Drilling. .
7Z22 = . 4 -
— L e :—'_f hlorite alterat:.on. , R i ¢ -
T . . =51 ; 3
S 2" 24.5-439. 0 Altered Volcanic Ash with" T -
T ;4 inor tuff fragments 5Y.6/1 1t. grey X -
! s 4 color. Tuff fragments decrease in quant:ity g B =
SR W » sl bhnd size downward m section. - L I -
¥ 25 : - | I .
X s | o . =22y :
- &4 : . _' - s . ) . S . —_— :
I zg © %39.0-450.0 Altered Volcanic Ash: dk. - R -
- F ~==r—preenidrgrey” color, 5G 4/1 very plastic - |rgsT 3
lzzz + ;3' “fhen wetted, mmor dlgenetlc uon pynte S N
R 147 (Fes) L - : I 3
3B =t :
s 7 38 B X 4
-+ 2% B AL RN, EE -
o Zal :50.0-460.0 Altered Volcanic Ash: game as (=221 3
I B Fbové and below but color 1lt. greyish.5Y5/§ I -
B SN 2/ S T E
TN |92l 160.0-462.5 Altered Volcanic Ash: very . | FAST -]
s i B T fine grained, 1t. greenlsh-grey color,ﬂ T N
S22 oA R - R B
\ '-E%f.‘//’ =Py 6/1; dry. _ R P i
<+ IZZ p62.5-464.0 Altered Volcamc Ash, damp S T ’ -
R 4| ‘bomplete altered to clay T ]
LIy 7 ) - -~
TR z; }64.0-475.0 Altered volc_anlc ash, dry T -
T o rn-grey color SY 6/1 » X _ -
RN 0 ID L N y " 7=5,o X1 . . S : _
) ) : : . 48 g ] " SHEET _S5— OF &




The Resources Agency

DIVISION OF MINES AND GEOLOGY. - - HOLE NO._

‘ DRILL HOLE LOG -
PROJECT & FEATURE R :

556.0-562.0 Ash flow tuff: same as .
541.5-551:0. Dacite-andesite composition,
minor calcite infilling of small fractures

2/4/81 at 562" .

""l"' "ll

DEPTH WATER | 1o  auassiFicaTionano peserieTion. - [SARGCF wope [ remarks
1 155 |475.0-487.5 Altered volcanic ash dry, ‘ T 31
1 gé' 1t. grey color, NG7 ‘ T 1
-+ S| . X 4
22z 1 22 : I E
SN - B I NI 3
I Sal B Do . N ¥ L7 -
4 4% ‘ Co ' ‘ ’ i T TR ]
I g, 487.5-490.5 Altered volcanic ash: dry, =52 T Tools plugged at
1 22| - jvery fine grained, very 11ght-wh1t1sh grey X 490' on 2/4/81 i
1 o3| color 5 Y 7/1 53 + ST e ]
1 =] [490.5-500.0 Altered volcam.c ash: dry, X -
:_F—V-—Z, grey color, SY 5/1. I I
- : ‘2 L ad -
i ! 5 | = 3
+ Z S Nz F "
T 1500.0-515.0 Silty Clay: saturated, very . T b
&Z" / plastic, dk. bluish-grey.color 5B 4/1. - R .
¥ | z’ |minor tuff fragments within matrix. P B =
I . / Saturated and altered voleanic ash.’ - .
i | B ]
i fg O N I
-+ A 1515.0-523.0 Ash flow tuff: saturated, e T Drilling hard -
I N B = grey:.sh—black color, hlghly altered R o -
- ! . - ;-
zz"§, Za | 11 , - 3
+N - BEE 523.0-530.5 S11tz Claz saturated very. -+ , Lo -
" ’% plastic, 1t. grey colof, 5Y 6/1° saturated =7 T Mud temp 40C - -
B - / and altered tuff and volcam.c ash. i s =z
iy ¥ SR A | E
..'Q / 530. 5-539 0. S11tz Clax : saturated very I o
T / plastic, olive color,’ 5Y 5/3 black Mg I b
I }/} "Scum showing in cuttmg o . et "
I /5 - : I | 3
-+ 4A 539.0-541.5 S11tz Claz saturated very &2 - {0 Sampie'gaken at —
#2 T o plastic, dark grey color, 5Y 3/1 black I 542" 61°C . -
<+ /S i " . <4 : _ -
I 5 Pod Scum" on drill HZO return (Mg) v | o , | B
I - 541.5-551,0 Ash flow tuff: saturated, black R - . 1
T o) color, minor FeS, voids appear resilified, 1 Drill H,0 black .
+ :" - |feldspar. Altered to clay. Rock dacite- {r~. T+ with Mg~ "Scum" -
" F 4 andesite in- coxnposlt:.on, with manganese - X AR PR =
I Al staining. ’ _ v T -
+ = 551.0-556.0 Welded Tuff: saturated, rezt , -
T 3 : 1t. greenish grey color, glassy matrix HZO- sample otaken at -
.'.t > (vitric tuff), probably represents an 562' 71°C 1
I . ;‘ upper cooling unit:. Rock is of dacite- o T
sz="T & andesite composition. ° L L Hole abandoned on -
: 4
] ]

" | R |
S 0y
saaabls s ads s,y

LINLNE DAL Nt A At UL Y 0 Dt Bt D0 D N D B
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The Resources Agency °

DIVISION OF MINES AND- GEOLOGY
DRILL HOLE LOG:

‘ e ‘ R 1,.,0,_5"0 Arroyo #1
PROJECT Ca11st _ga Geothermal Pro_]ect e S R ELEV. o

FEATURE : AT S DEPTH :
o m'nw 2565 Grant St. Calistoga . W DATE DR“.LEd 12/18/80 e ATT"'UDE .
Loceep 8y__Taylor & Youngs CONTR Water Development * prILLRIG. D4OK - waTER TABLE ___

* Water Content < js amount of water produced at - the
discharge by only air circulation and is a minor
fraction of the yield that could be produced if

‘ that aqu1fer was developed by standard we]l methods.

*Cs-.‘-Sample of cuttings

WATER . : y ~ SAMPLE

DEPTH content| LOG | = CLASSIFICATION AND osscmnlon, _‘ NO. ’fq_oos " REMARKS
ls7 + 1 ]0-5.0 Topsoil ' T Start with 12 1/4" 7
|ses T N : S B steel tipped tri-cone;
TN F : LR REER R ol bit with mud -
C oy / 5.0-18.0 Silty Clay: damp, low plasticity,| i - | -
3 dk. reddish-grey mottled color, 5YR 4/2 P e Sample A#3 taken 4
. / B B o S IR X from cutting pile exapc
L} / ¢ o hole position unknown-.
- / I ' ' N
- : é B IR S R V.74 + - Drillers "Bone" u
. '€ F7Z] |18.0-23.0 Clayey Sand; damp,med. sorting, I ' E
- _ .'}.s'c' dk. yellowish-brown color, 10 YR 4/4. p.> xX -
;‘ - ITL . 3.0-73.0 ‘letz'Gravelr' wet, 75o802 S slowed -drilling rate]]
R T -lgravel, var. colored volcam.cs, princ, dkg 4 s 7
i B pbasalts and = - s ¥ t "
WYY Water Table = - ' e -
M | '}~ andesites,’ poorly sorted; 20—252 o F -
- 2' ir 5r;';}.lt:,‘‘plast‘:m, 1t. ollve browm color. -5 :- . 12/20/80 66°F Temp. —
C K *onT : 4 ' |recorded in morning- -
g : ' B X before drilling begadl
s | Z-6. T - mud on bottgm‘air 7
[ 1 X temp. at 47 F. . 3
2 T s 5 s ~
- 27 7 -
- . <
- 28T '12/18/80 Set 8 1/2" J
ID casing drill =~
.} ahead w/5 1/8" .

| down hole hammer bit-
Air return w1th dual 2
tube. o

ARCE EEN W
I|ll_lll|l'

\ ‘
N

L
T V]

:»;,Sﬂtj Gravels (As Above) Sub. i'ouhded,'
'far. colored, stream gravels. very minor |
Qtz. pebbles ‘to 2-2’5" showmg in return. | £/

1.1

T T RN AT

AN RN
Lt i a2

; nll||...‘.ha-nl‘;rn'llJ:ul 11t ual|n~i||l.11Lln'aglﬁllnlnnnIln.nalluinl

4llllllllllllll'-llllllflll
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State-of California
The Resources Agsncy.. - :
DIVISION OF MINES AND GEOLOGY" HOLE NO.
: " DRILL HOLE LOG R
PROJECT& FEATURE C
DEPTH WATER ‘| ,4¢ CLASSIFI SAPLE[™ ' ARKS
CONTERT CATION AND DESCRIPTION NO. | MODE | . REMARKS .
4 21 ] 75.0-100.0 Gravei: saturated, poorly + ]
I i 4 sorted, large sized 1"-3", dk. colored R N ]
1 #2.1 _|volcanic roek, sub-—angular 107z silt, 22271 -
X S 1t. ohve color 5Y 4/2. ' o+ ]
F I M E B -
k=1 | |4 g2 T ]
- P & N -
I Kl = I |
I o) | [%’4’ T J
- '-’ e .-
I N - 1 '::_ .
| I% e E
1 A | B S | ]
+ | (;’ 100.07103.'0 Silty Clay: Saturated, very -:E- SR —:
I V< plastic, bluish-grey color 5B 5/1 : . X ' 320, Temp 72.8°F 3
1 #,|  1103.0-130.0 Gravel: saturated, same as | —:: -E
<+ 75.0-100.0 except silt content increases - + .
I to 15-20% plastic, lt. olive-brown color, | , I 2
T 2.5Y 4/4. : Mi: -
E: ezt -
* oz 3
- .F ¥ g E
.ﬂ-‘: ”“' : :
_:._ ' 130.0-133.0 Sand: saturated, poorly sorted ﬁ-zo:;_ | 4,0 Temp 74 S°F E
+ with minor gravel. Dk. volcanic sub- B X ‘ -
I angular fragments. . ' : I o
;: ) : A‘Z/“ . ) : vo .v :
1 133.0-156.0-Silty Gravel: saturated, 80% T H,0 Temp 75.1°F ]
¥ gravel, sub-angular dk. coloréd volcanics; T -
T 20% silt, med. plastic, lt. olive-brown . |2z T =
1 color 2.5 Y 5/4 I 7
X 222 T 3
I 3 A I 3
T 156.0-161.0 Gra-vel' Clay, saturated, =1 HZO Sample taken»b =
3 , high plasticity, blue-grey color, . | 712/23/80 with we11.4
I << |5B 4/1, 60% gravel, sub-—angular dk. volcanfetzs T havmg set twg days
R /4 o : R . I-&O Temp. 78.2°F -
% T 161 0-202:0 Silty Gravel; saturated, 273 ' j
T 80-85% poorly sorted, volcanic gravel, T :
4 sub-angular; 157 silt, med-plasitc, olive~ 4 ° -
1 %7 |brown color 2.5Y 5/4 Nzz2t Hy0 Temp 81.5°F 3
¥ 20 X H,,O Temp 87 .5 3

24




NY NYBYUILES AQGYRCY

_ DIVISION OF MINES AND GEOLOGY -~ HOLE WO

’ DRILL HOLE LOG -
PSO*ECT&FEATURE it ]

T ~ [SAWMPLE e ' i
WATER R £ ‘
DEPTH conrent | oS : CLASSIFICATION AND DESCRIPTION ;- " . NO. | MODE : REMARKS

H,0 Sample taken '
" at 180" 88°F.

Silty Gravel. cont.

E H

AL B B LR
E 0 T Y

L al
LI ]

§
3

[ ot LU BRSO

~ |8,0 Temp 88.6°F

LACSLIR B SLIE R B I UL

W

B
i

202.0-205.0 Clayey Gravel: saturated, .
4c |80% volcanic gravel, sub-angular; -
207 silty clay, med. plastic, 1t,
_ |pluish-grey color 5B 5/1. :

Tools pulled to chan
" |downhole hammer to -
. |tri-cone H,0 Temp..

L]
~——

Hole caved on
reentry at 105’
Jand was abandoned’
12/24/80.

o

vllllll.l.tllllllll|"‘ll|||lllll||

L B 'r"'l,__',_,.,""l.l“'-l'll' Lk

| IR | LR |

"ll|l]llllllll‘l

.llninlllII.|||1llln;'1ll‘lnlv|‘|nil'n"l.lll‘illltlnlnn'l.i‘||l.l4||
L 1t 2t 2t R At ot Bt o e B

s aale st a::::35|lnnnall.||||‘nnnl| 2a alaaa by gttty llilJ'Lnll_nlnngalnaln..-ILL1||-‘|.|§J.|I.L;n
$ $ }

T NI NS FT AT F T IR I TN TN AT N AT NN R I I NINE A RENI FNENINTENY  RNTL ITNTU AT N2 FWU TN R Ty R

ll‘ll.'llll‘[lll.ll

Il"lllll“
FREWYrS NI W C Y

w
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.. LOCATION

DNISION OF MINES - AND GEOLOGY

DRILL HOLE LOG o

| PROJECTWMM Project SR

FEATURE

25_65 Grant St. _DATE DRILLED

12/29/80

LocGeD 8Y_G. Taylor

* water Content - is amount of water produced at the dis--
charge by only air circulation .and is a minor fraction of the
yield that could be produced if that aqu1fer was developed
by standard well methods. . - o

CONTR, ) Water Development pgivt.ric.D-40-K

HOLE NO._Arrovo $2
JELEV.__
. DEPTH 885°*

ATTITUDE_ Vertical

WATER TABLE __42.5'

53

» .
oerT] Aarene| Loc - CLASSIFICATION AKD DESCRIPTION. A :}:f‘g, MODE | REMARKS

.rzég' T 0-3.5 %@011. damp, weathered alluvium I drilling w1th as /8";1
+ w/deve opment of A-C soil honzons - + _ tri~cone bit~ -

-+ s 3.5-18.0 Gravel: dry, poorly sorted, T gsrinlg ;ﬁu&}aﬁuﬁ gu

-4 var. colored volcanic rocks, sub-angular. - -+ o o ) g " -

I .. Mlnor sand and silt fraction = ‘ I 1 :

T 2 I  |saples were mot = I

I 14 T lavailable for col- 7

-+ ”- =+ . |lection due to blow-—
I o 18.0-19. 0 Silgz Claz damp, med-plastlc, I lout of material 3

T TT= lt. ollve—grey color 5¢ 4/2 _ I around outside of the

’ ‘."" ) . ". -o B s . . —— mle. . -~
22 T N 19.0-31.0 Gravel- dxy, poorly sorted T : s )
T ’4 - | same as 3. 5-18 O o 4 2
TV e I >

@ ' i

IN L _ I 3

u 1 ’) . . I -

xZ e ' 31.0-32.0 Sand dry, med sorted, , o o

T syl sub-angular. . I -

__ f"""’-’ 32.0-36.0 Gravel: dry, poorly sorted 1z, ¥ _:_

1 fotze] 36-0-37.5 Clayey-Gravel: dry, poorly - I "

1 4 B graded, sub-rounded, low plas' tlcity, R . o
. DK-GreyJ.sh brown 2.5¢ 4/4 £ T b
T | , I o e
fulL. W__g_t_g_r_____I.evel at 42.5" _ 23 T 1, Temp 86.0°F. E
S 37.5-76.0 SJ.l ‘Gravel: saturated, poor- =X 0. : -
+ 1y sorted, sub-angular, DK. colored T o SyEle thenat
T volcanic rocks 15% silt med-plastlc, 1 -+ " c 4

1 f olive. hr:own color, 2. SY 5/4 ’ . - ".',? q
I8 . T | 3
-::. \ Tl . A£ T Hzo Terp at 87°F. 1

<+ - 4 o
et o T 3
X N é‘i
I | 24 T Drillers "Bone" "

A ¥ |5° Temp. 88.8%F ]

U e~ < 2 GTP. ° _..

SHEET 1 (]
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 DIVISION” OF MINES " AND GEOLOGY  HOLENO.__

, : B DRILL HOLE LOG
PROJECTE& FEATURE -

pepr] WATER | w0 | - ctassiFicaTion anp pEscripTion . [MANCEE] mooe | memarks
4 " YrrAz=] 76. 0-77 0 Clayey Sand: ary, poorly sortedl T
iz 77.0-79.5 Gravel- : 2z 1

T
»

- {S%eP) 79.5-80.0 Clayey Gravel: dry, 2 sy 4/4
[ //)|s=| 80.0-83.0 Gravel: '

- 83.0-85.5 Clayey Sand: dry,70% fmes.low
‘plasticity, 1t. olive brown 2.5Y 5/6

#[”| 85.5-92.0 Gravel: dry, poorly sorted, dk.

. Y
el e Ilnnn
' | gt

b u ] .
(R RENEZFE RN
3 0 O

™

/ : : o : T |g2es
/ | 1s8. 0-179.0 ilg Gravel: dry, 75e poorly] T

- '} sorted, dk. colored volcanics, 25% silt, |£<€2T. :

- _olive grey color, 5Y 4/2. Increase in- s R T illin

! > 3 ) Dr g shutdown
- fraction from 172' 179. v 5 ) 12/29/80

—E ‘ colored volcanlcs w/minor wht.rhyolite ¢l asi:;c» S, I
T <41 92.0~93.5 Silty Clay: damp, very plastic, T
- F 22| 1t. olive color,2.5Y 5/4 T
1 =71 93.5-97.0 Gravel ' 4T
¥ ~ | 97.0-98.0 Siity Clay: Garp, ned.plastic,, I =
w2t dk. bluish-grey 5B 6/1. 1 T
T 98. 0—128 0 Sﬂ.Ez Gravel: Saturated’ 85% . :P
i ‘poorly sorted, pred. dk. colored volcanicj&Z4Z T
T rocks w/minor white rhyolite; 15% silt, | I
~ T non-plastic, 1lt.olive brown color,2,5Y 54| - .}
: X1 M I o S G43. :
3 N E 'Hfira:pat 87.5°F.
7, _:_:_ » /—/5"- Drillers hone at ll
2zt 1 T
B -l L ; - : . L 5 '
' 1 - | 128.0-130,0 Clayey Gravel: dry, 70% dk. | T l L
S ! <= | volcanics; 30% clayey silt, "med‘. plastic, F-17 + ’
- F 1 lt. ‘bluish-grey,- 5B 5/1 Ny ‘ »
3 | ;3"093‘;200 ——1:1’-————,11, Cravel: dry’ saeas |0t Hard and slov drill
5; R , , 4_ I
/£2 ] B2l 142.0-144.0 Cla¥ez Gravel: dry, stmea-| T
X “% e .plastlc cla uish-grey SB 6/1 B P i
pl & 1 SR M::-
~F e 144.0-148.5 Silty Gravel e F
. —1 148.5-158.0 S Silty Clay: ary, 1ow R P2
1 7 plastic:.ty, blulsh grey color, SB 5/1 o N
R /4‘( S +
&2
3
b L |B° Terp 75.0%F.
¥ ze t

111 o-JJLl[llllunlnwn.‘lnnlnnln.uln..l“..

:ue!zn:l'nul’unlll‘lllnnlnnluniglnlut
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‘ine Kosoyrces Agenc

DIVISION OF MINES AND GEOLOGY

- 55 :

'HOLE NoO.
' T ‘DRILL HOLE LOG . L
PROJECT& FEATURE _
DEPTH c‘ggg:f LoG CLASSIFICATION AND DESCRIPTION SAerE| mope REMARKS .
1% [Hl~ 5
I =7{ 179.0-180.0 & g c1ay_ wet, lt. blulsh ?27;; 2
82T 14 grey color 58°7/1 - ~ S |
I 180,0-202.0 Silty Gravel: saturated 858 g e
T 1l dk. colored- -‘volcanics; 15% silt, lov'v rﬁé!;‘: H2 Tanp 88°F =1
+ 2 ¢ plasticity, olive color 5Y 5/4 = . DR Hz 7
T . . T, L S o Sample taken at -
T p 7 : f-éz-: 185" =
33 & I ]
I o™ Z
1 r I o s
4 L ¢ cor T Ir . 3
I 11 ‘ o3 T Ho—Temp89-6°E" |
EXXad ? 202 0-204-0 Silty Claz dan'p, very plastit:', I ]
:-D.e ez | bluish grey color SB 5/1 _ /Jz:: 6 Sanple taken at 7
=3, _ . , ,
T | |4 204.0-262.5 Silty Gravel: saturated, e [T | 7
I dk. colored, poorly sorted volcanic : -E -
I gravel, prin. basalts and black-greenish |g.33T - ]
+ grey andesites. 15% silt, low plasticity, T -
I €11 | 1t. olive color, 5Y 5/4. Increase. in sand T =
I 1% downwa.rd 24T -
1 by S =
R P =35 1T Hzo Tenp 91.5°F -
222 T ' I S o g
1 4} . £z . . o :
I 367 |5 Tewp 92.0F 3
T 4 ) I S g
e i o . 32T =
Y[l 1 .
Iy i u
- " ™ S 3 -
T I o ]
u L 4 32T H2 Sanple “at 3
2&": : :: 240' 9300 - :
I Ry _‘
1 - 3 3
. I : 3
T . T oL |, Tewp. 94.0%F
| = 262.5-264.5 Clayey Gravel: wet, 60% R N N
- X 2ene volcanics, poorly sorted; 40% silty. clay, PR e
j_"""’[ S ) plastic, 1t.- blulsh-grey SB 7/1 g T ]
I 264 5-279. 0 Gravel- dry T ; __ I
' o ‘ v -£2 T Rig shutdown on -
T I 12/30/80 ]
I I H2° Temp on stag
zo

SHEET_ .3 OF




Thc R..oscs;. Agen‘c - o . .
DIVISION OF MINES AND GEOLOGY ~ HOLE NO,
‘DRILL HOLE LOG e

PROJZCT & FEATURE

’ WATER C ' - N SAMPLE :
OEPTH WATER | LoG _ CLASSIFICATION AND DESCRIFTION - | "No. | MODE | REMARKS

lllll

<#| 279.0-281.5 Clayey Gravel: damp, 308 |
P clayey silt, med. plastlc, bluish—grey NS
color, 5B 6/1. & . . £3
.281.5-290.0 Silty Gravel- saturated, 20s '
poorly sorted olive oo silt, SY 4/4

112 Tenp984°F «

]
| 290.0-292.0 s111_:z c1ay dry,
plastic, dk. olive color, 5Y 2. 512

1292.0-321. 0 silf 7 Cl damp ver.y
1. plastic, dense dk. uJ.sh grey color~ -
5B 4/1. Altered volcanic ash- (air fall)
color changes on ou:idatim to olive-olive
gray color SY 4/2. C o 5

S aat b s b 0§40
-rrirreeerret

R

glllllnlnl:

1
| LIS

Very slow drilling
" |prevent plugup of hosesb
+- land cyclone with clayd ;

[ - N [ ) [
Lis s abs e .111I.A§‘l vl
T ” T Y T ? ™1

154

L.

LINE 20 DA ' Nt M e Jamt 4

2es
v

T

\\\\\\\\\\\\\\\s—*—*—*s

: A e v e, e AN
& R
1.3 9 9 IIJL‘I 1.4 1 [l
L3R B A ll
e benes Yo esbn gl bo e dea e tabaebe v eatbeane ot ta ettt ot abarasl

S

I o e ' : : L
nnl‘nlgaE.nall|1!l1|1'||i|la

R USRI JLIELRUNE I N 8 Y N e L LRI 0 B

Nb

321.0-322.0 Clayey Gravel:

N Leasa b iaiat s aataale
|

322.0-343.0 Silty Gravel: saturated; - | .-
poorly sorted, 85% coarse volcanic gravel| — -
1 1/4, 15% silt-low plastic. lt. olive 1
‘grey color, SY 5/2 _

ﬁzo Texp 97.0°F.

lT}ll

N P

et

:l [

' I
A AR

H, Sample taksn at
: 2_ . 342" 98.3°F,

e b

‘I}ll"'

| 343.6 - 344.0 si1ty Clay: saturated, a.
‘:,bluish grey color, . 5B 4/1 : ,
| 344.0 - 360.5 ili:z Grave : saturated
same. as 322.0-343 0 ,

LINE 1R L B et §

'R W
Tt

L4

—

1

[AENR) BTN
tattd e
LN LI ON LD |

3  ISERI e |
2N 360.5-362.0 111_:1 Claz saturated, ~ | L
- 1T plastm, dk. blulsh-grey color 5B 4/1 I L :
C TLH ' ol Orm. - aa 20p
3 1| | 362.0-375.0 silty Gravel: saturated 608 | T  [H2 Tew 98.3°F
X ? gravel, 25% sand fractlon, ‘15% non.plasti¢  } . |Drillers "Bone"
a T sut S ST S 7 R probably oversize cobible:
: 111 :: . 3
of 4 ‘14 s od . b

) Jl'c‘,l"vgalil‘LlN 4 . " "" ‘-
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56




PROJECT & FEATURE

DW!SION ﬂF MINES AND GEOLOGY -

DROLL HOLE LOG

"HOLE NO.

WATER

DEPTH CONTENT.

SL86 .

QLASSW!CAT'ON AND DESCRIPTION

“[SAMPL

NO.

El wobe

REMARKS

T,

£4

1 AR PR

|||l.‘||111114||1L1|F;‘];_4.1
$ + =+

In..l.n.l‘.;;.l..rﬁi‘

\

;

"'.v'ﬁvt‘rlvvllllJ lllll_r|lTl||llll||||

reryrrrrre Tr T rrrrrreee

lIll'Olll'l

K - . N v. °
ceaaled ll'llﬁl'LIlIljllJll.lll_llF.IICLm'lln.'l-lIl|l1

~375 0-376.0281ilty Clay:
,bluish-grey color, 5B 5/1

‘1t. bluish gTrey color.,SB 5/1.

plastic, 1t. olive: color

| 416.0-417.0 Silty Clay:

444, 0—461 0 Silty Gravel- saturate
85% gravels, 15% srlt, low: plastic

_'bluish-grey color, 5B 411
1 462. 9—470 '

376.0-391.0 Silty Gravel: saturat.

saturated..

537
A= g

80% black-greenish colored basalti
to~dao1t1c volcanic rocks, minor
g-of red ocher limonite on

B .
, fracture surfaces, 20% silt, non-
plastic, olive color. 5Y - 4/2

R

NN NN R

391.0-392.0 S ity Clay "saturated. 2
blulsh—grey color, 5B 5/1. . :

- 392.0~- 398 0 Sllty Gravel. saturate

. 398.0-399.0 Silty Clay:

' saturated,

d‘.

e Sf

W EANE N
LRI L LR

399.0-416.0 Silty Gravel: saturate
dk volcanic ‘rocks, . 20% Sth, low-

: saturated,
1t. bluish—grey color 5B S/l

de

el

T TTrTeT

LI Y

417.0-423.0 Silty Gravel

423.0-427.0 Silty Sand:

427.0~429.0 Silty Gravel:saturated
minor sht. rhyolite showing in

'\lllnnl_lzlﬂ l’

14

P

I_'Ill‘1'|

gravel.

429.0-438.0 Silty Sand. saturated.jf
poorly sorted volcanic sands, 30% |
-511t, 1t ollve color, 5Y 5/4 o

438.0-441. 0 Silty Gravel

§

Loisas JL:Jll'Lnl
$

Li-l.l
LA |

441 0- 444 0 Siltz Sand.
olive color. 5Y 4/2

461,0-462.0 Silty Clay: saturatea,

Sllty Gravel

d,
ity

EII'IIIIE
lll‘lll_l’]_ll

-inln.nn
LN SLINLINLE |

it ity
[frll}lllf"

'479 0-478 0 Slltz Sand. saturated :
-';olive color, 5Y 4/2 = ,

T ¢ 1 1
.

jH

" | Tools pulled andd -
tirt

' Shutdown on -

'lllln.'i‘lle

0 Temp 110°F
Rig Setting fo
l Hr.

"2

1s W

14 JLuJihHH y 13 1_'1'1'1‘|J.1~_i bl

12/31/80 at 422:

Tools pulled to + -
| change tri-cone.:,

H,0 temp 114 Op
when hole: blowm.

|t||‘1|.||l|

H20 sample take

Tools plugged at4"
445' shutdown on:~
1/12/81

sub changed res
on 1/15/81 -

H20 Sample take

Ln;lhnxﬁuilnlill'lLl

ol 57
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< Zges
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'e.:!::ll,l‘l‘lll‘llJ'll

2 - ‘ :
- 1'
4 p
I Tl
- &
+ ' 4
; :: &
P Y L 4
2z’ T "
3 iRk
I E PS
L Tier
X pn
-
oy ¥
I |4 v
I g

i

542.0-564. D'Slity Gravels: satur-—
ated, 20-30% silt, low plastlcity, )
At. yellowish-brown color, 10YR 5/p

rhyolite; 25% silt, low plasticity
1t. reddish-brown color SYR 6/3

-

el oo
{

’

ety

l‘!lll;ll‘llllll,lll'I‘I'llllllj'l‘ll‘

.§ '

satab e a
LAt S0 D0 It AL I Gu e )

564.0- 567 0 Same as above but
gravels exhiblt med. sorting

567.0~ 578.0 Silty Gravel

[ETSE IVAK § SE WP
LRI B I et o

Ll 4
! g 1

820 Sample take
‘at’ 522'

— - S —
_UIVISIUN UF MINES AND GEULUGY HULE NU,
ey DRHJ.ﬂOLELOG . L
PROJECT& FEATURE - - :
/ LA i , " [SAMPLE o
DEPTH cgg;g:, LoG CLASSIFICATION AND oEscmrnon : N} ) REMARKS
T 8 [Hllow| 478.0-483.5 Sandy Clax-damp, med. “;553' -
+ . V7 sorted sand; 70% silty clay, dk.: 1,54 4
ser 22V 2%,, ‘yellowish-brown color, 10#r's/4 - [Z<2} g
¥ 97— 483.5-487.0 silty sand: saturatea F- [ o 7
T |'lle#] poorly sorted, It. olive. color b F Hy0 Temp 105°F 7
I ) 5Y 5/4. , e X i SO -
[ J 487.0-501.0 Siltz Sand: saturated,AEéﬁ:: :
. . -med sorting, 1t reddish brown AR T ]
o lsar color, SYR' 6/3. , i T -
I el | *x 3
1 ¥ E
< . : R L . . o -]
: -4 S . Les T -
1@457 501.0-505.0 Silty Gravel: saturateé, X : - ?
I ? with 1t." reddlsh-brown silt, JESERE I ' o 3
T J 505. 0 512 0 Siltz Sand-'saturated, T : ]
-+ S med sorting, volcanic sand; silt, T Drill water: “Red"
I 1| dk reddish borwn, 5YR 3/3.(oxidizel@ecT color |
T : | fes to limonite feo) : T
+ $olon) 512.0-514.0 Silty Gravel = . | ]
T J. -514.0-542.0 Silt¥'Sand: saturated.| 7
e o, poorly 'sorted volcanic sand, pred. -3 :
o . dk colored volcanics w/minor wht.: Z.£7 0 Temp 108 Op -
byt I . o 2

Llany LIILJl!fil!!il:rilLJllllll |||11|L

20 Temp 109 7 F

I|:Lx1e;}xla:||lixlxlmn

|H0 Temp 109 7°

' 58
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: T e Kuau':-s Agency. 7 :
DIVISRON OF MINES AND . GEOLOGY s HOLE NO. _
L muu. HOLE L0G - sl

PROJFCT & FEATURE .

pEPTH ¥ATCR | Lo | Ld.kssmcnnou AND nsscndr‘fibu‘" o o] mooE | _© REMARKS -
I ' "o v 578 0—580.0 811t.y_ Sand'-saturated. well | EE Fast Drilling 5
I “:[Isa| sOrted,’ sub-angular; 20% silt, low ‘ '4_73-_ : : 3
T 1 plast1c1ty, 1t.. oh.ve color 5Y° 5/4 T -
=2 , "6"/;! . T RS ST
1 x 1’ 580 0—587 0 Slltz Grave1° L I 5,0 Temp 107".701, -~
1 =z 587.0-588.0" Slltz Claz 1:. blm.sh-grey I S ' 7
4+ . color SB 4/1. . BEE A-7E -
o F E SEE £ L . ' N =
I 11 ] 588. 0-600 0 S11tz Gravel. s’aturated,' 802 xI _ - N
o} .- 3 e ) . .
T #lc| volcanic sand and gravel; '20% silt, lt. ollive -~ (4 y
4 1 --color SY 514, lov plastxclty. e S B HZc’ Temp 110‘F_ -]
I el : X . a
S S - B V. % ou |
| S s I - ‘600 .0 603.0 111:2 Sand L o T | .
L= Aokl o - :
R R ol 603 0—612 0 S:thx Gravel. [ - F Drillers "Bone" s .
. ‘f: ’ S - [N pe il probably bit rollmg"
T P -+ - on oversize cobble. -
1 I S : I K ' p
X R TCST o g7 ] ¢ 4
-+ NI R = =
. X ’, = 612 0—613.0 Sand Clay: saturated, poorly T 3
4+ 4 ) ] sorted, low plast:.c:.ty, blu:.sh-grey co].or A o o -
0 5B 6/1 : ot I H,0 Temp 116 °F .
B ¢ 613.0-659.5 S:.ltz Gravel‘ saturated, B P T =
-+ | poorly sorted dk. colored volcanic rocks _’4 2z -
lgz2 T P with minor sand lenses; 'silt, low I - .
- , plasticity, olive color, 5Y 5/4. _ I Rapéd increase to e
-+ L Reddish-Brown. color 5YR 6/3 in cuttings . =+ 145" in H,0 temp - —
R 3 at 621'. Probably digenetic pyrite . -+ thep falloff to C
I - | (FeS) oxidizing to limonite (Fe®) = . 7322 121 F with Rotation ]
: T 11l ST e T shutdown 1/15/81 7]
1+ . ¥ at 622" . A
+ | lled o+ 'nz'orémp 119°F on =
1 I | R R ) restart on 1/16/8%
' ;L. 7 11 I ' 42-22_4; ' B
421 | o B S ' T ]
T -1 T ¥ u
, I 1% E I ]
SRR S| - T J
5 R 1 I RN Z&T H,0 Temp 115.4°F ]
O F N & N o T -
S F ] Ut S |+ =
) . L 3 N . - . 7 O . . N v' N i - i -
R 3 ¥ T 3]

L 659 5-662. 0 811t Clay: Dry, med. Plastlc 15/ ‘ H,0 Temp 116°F
ez T Doy ///44 brown color, 10 YR 5/3. . - 4 1 H20 Sam 1e taken ?
' + 4 This " zone was also dry on rednll + 172 p -
T - |662. 0-—6_98 .0 Silty Gravel - T =
¥d e EE H,0 Temp 115°F
¥ L S -. R 8 _ ; .
p o R : 1 .

' 50 o SHEET %7 o 5
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HOLE NO,
o o . DRILL HOLE LOG -
PROJECTL FEATURE - U wot
DEPTH WATER Lgd " CLASSIFICATION AND DESCRIPTION Ao, | mooE © REMARKS
S | ? Silty Gravel: saturated, poorly sorted, _ b ]
_ "1 & 20-25% silt, low p1ast1c1ty, lt. ol:.ve LT ]
X 4 color 5Y 5/4. . y-2-%1 -
g2 1 & - X ;
S A R I -
B 11 T k
R 27 I .
i EER L4 LT -
1 7 ¥ R 4 B z ]
1 14 X [8,0 Temp 111%F .
::. A‘| ‘b ':: . : o :
PR 114 R T I S AR SR R = -
L o » T - . N L o -
B 55— 698.5-701.0 Sandy Clay: saturated low - |, 1 -
ST N ///-’-" plast:.c:.ty,lt. reddlsh brown color : s 44;__ -
(221 N ] 2-51R 474 - ol F .
R X ' ls#] 701.0-706.0 Slltz Sand. saturated, med._ o F E
U B N b sorted, 1t. olive color 5Y 5/4 ' SN - N -
1 I $ 706 0-718 0o 8111:2 Gravel. = =) -
e ¢ N o : el J
. T I 3
’ L ol " - . . R . . B -
S N 7 7 718.0-720.0 Sandy Clay: wet, med. sorted | , T pu
e ,/,'4_{ sand w/ dk. reddlsh-grey clay 5YR 4/2 - M’_‘ 7
Ze T '[.] | med. plastic. - .
X . '720 0-738.5 Silty Sand: wet, med. s0tt1ng I 3
T princ. dk color volcanic sand; clayey .. | - .7I° s
T i | silt, ‘reddish-grey color 5YR 4/2. Clay . 1. . . ]
P ‘| |o| appears to be insitu alteration’of 1t. g2+ 119.4° -
B . ” reddish-brown andesite clasts. ‘ ,; HZO IemP 119.4 F, -
| I 1111 | - . H,0 Sample taken at ]
R o Ly E s . 740 - i
oI - 738.5-742.0 Silty Sand: same as above but| T ' b
-4 1l g»| without altered clasts. SRR =5 2 -
22 T .} : : IR . . (R TEST i . . . N
T 742.0-759.0 Silty Clay: damp, very plastig, "~ I . : -
: I : Z/ - | reddish-brown color, 5YR 5/3.. This unit §s - _-_i I;;‘%Jg?::"; ‘2”.l En
S E . an oxidized, altered. volcanic ash, I D ¥ H.0 Tem 1463F on O
~F |- - | probably of aerial origin (air fall) X : tarléu 1/17/81 &':
1 T \ v v glass shards almost completely \ZstT on 1/21/82 i ]
o B \\' A/ | divitrified w/remmant crystals of maflcs B N A T ]
1 % /%\ : (hornblende, aug;te) . o X : u
S ~ / 759 0—764.5 S:thz Sand. wet, pred dk. /,7/:' PR
: .::& i ‘[.Il | colored volcanic sand, med. sortmg, ' T 7 ]
Zéa—'_'s\’é ‘|'||%#] 30% silt, non-plastic, ol:l.ve brown . I - S 7]
|l BV M color, 2.5 Y4/4 . 1 4 |H,0 Sample taken. = o
Tl PL 764.,5-777.0 Silty Claz damp, very plastn; T at ‘762" o
I / dk. yellowish brown color, 10YR 4/4. T I 3
‘ T ;Z Altered volcanic ash of probable aerial | Zg»d- =
T /42 ‘origin. - Same as 742. 0-759 0 except lesser L e
4 //f | degree of oxidation.  BERRE _ L -
, SAEET_ & 0f o
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DIVISION OF MINES AND GEOLOGY - HoLENO._

R DRILL ‘HOLE: LOG
PROJECTZ FEATURE

| CLASSIFICATION aND DEScRIPTION - [SANELEL wove | © REMARKS

OEPTH content | “OC ,

. | 777.0-782.0 Clayey~Gravel: dry, poorly = ]
1 ; e sorted volcanic tuff, sub-rounded, green- 2931 . | ]
| o2t ish-grey color, 56Y 5/1 T 3 Dusty Drilling 1
-1 a-a] - | 782.0-786.0 Altered volcanic: ash' dry, dk. 4 S :
I rvd B greyish-brown color, 10YR 4/2, - . 2-7£T. -
1 v 786.0-794.0 Altered volcanic ash flow . | T ]
4 aa: tuff- dry, 1t. brownish-grey color, - I ]
X ool | T0YR 6/2. Unit. grades downward mto a |5 T -
B ,Z’ﬁ ‘| ‘hard unaltered tuff, o F o 3
' IA |22l | 794.0-804.0 Welded Tuff—vangaced color - lez¥ Slow drilling = 4
'.LQ _ z—"—?. " | whitish-grey to greem.sh-—grey h:.ghly I i Minor cuttings im =
1 : é siliceous, with minor pynte and mmor T retutﬁ' due tg clays 7
:]-_ ﬁ chlorite. alterauon. ) 72-- packing up in féaer. Z
oz 1 T o I barrel ]
+—— ;‘ 804, 0-814., 5 su:z Claz damp, tuff - v 22+ el
+ . / fragments with altered volcanic ash dk. + U =
R % | yellowish ‘brown" ‘color, 10 YR 4/4. A o "1Tools plugged at 3
j_{% _ ;’//44 Low. plast1c1ty.- S 3 802' on 1/20/81 ]
F—]—H 814.5-834 .0 Altered voleanic ash' dry, 7T -
. |Z2| | dx. greyish-black color, 2.5YR n/3 . T ]
¥ ;Q minor euhedral crystals of pyrite (FeS), + 1
b of :,; probably diagenetic in origin. e -
e e ‘ R - »
£ F& 2Ll T Rods getting difficult
I ?9 I To rlc:tate .almost 7
1 9 - .1 stuck on rod change. ]
o ‘03 ALET Water and oil injected
I ‘ 50(,' . SR I into hole in an ..
¥ SJ1—] 834.0-849.0 Altered volcanic ash: dry, |gpst  |3CCmPE €O decrease
I lq‘f : same as above except color changes to a I que. ' n
I 'q% grey color 2. 5YR 5/2. ‘ I ' Ny
e o 12: o L Loty -
'+ ’4—"{ - 849.0-854 0 Altered volcanic ash flow _ I 7
I 'zg - | tuff: dry, greyish-black color, 2.5YRN/3 ¥ -
X 31 ‘Dacitic-andesite in composition., . ezt =
+ 5%l | Residual indurated zone at 85t. 5-852 5. I -
T\ &3 __| Disseminated pynte 1-2%. : S .
1 < , iz —
T . - - o
I v : . T .
I 23 854 .0-856.5 Altered -volcanic .Ash: dry, V2w =
I =1 very fine grained, It. wh1tz.sh-grey R V72 A 3
I ".‘f color, 5Y 7/1. P -7
&E: . ’%e .| 856..6-869.0 Altered volcam.c ash dry ' N -
T 2 -ollve grey color, SY 6/1. L s e 3
I | K ST I = e~
EEE | e I ]
T -;j. - 869 0-874 0 Altered volcanlc ash dry : —// T -
I Tal ohve grey color, 5Y:5/1,-.. . e 1 7
127 |2a] IR ¥ | | i

Yreamrtas 874 0-878.0 Ash flow tuff a2t .
— 4 : SHEET__ & OF :
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DlVIS’ION OF MINES AND GEOLOGY HOLE NO. _

: : DRILL HOLE LOG
PROJICT& FEATURE

DEPTH WATER | 1oc ' CLASSIFICATION AND DESCRIPTION - SAnorT) mooE | memaRks..
1 2] | Welded tuff: highly siliceous, greyish- o Black "scum" on I
le —1 black color. Manganese along fracture I return water (Mg?) -7l
1 Jlls#]l surfaces. . : C77- 30 -
252T == 878.0-880.0 S:LItz Sand: saturated %: S HZO Temp 132.6°F p
T £-ov B 880.0-885.0 Welded tuff: 1lt. greenish- e H20 Sample taken 3
5 2 : D A R e -
4 . grey color,.vesicular and glassy,. f—ﬂ—_: -
1 > '56Y 5/1 probably represénts upper part of] 3 Dr:.llmg very slow -
1 -an ash flow tuff cooling unit.. Rock is I : ]
i o andesitic-dacite in composition. .y }8]:;? 3?lag‘;;giglat E
T 885.0 Welded tuff: as above except co].or R ) . _ o
T is black 2.5Y N/2. Pyrite 12,¢confmed 1 pa s ' p
o _ to fracture filling. manganese . e i ]
1 ‘conceéntrations along fractures & rately . -
T replaces feldspar. Very minor<lZ . - I -
-+ calcite coating. Voids have been .= 1T 7
4 resilified with opaline (?) . . e e
+I S : T R <
N =x -
< T '_'-:
I +
e ﬁ-. :
1-‘ 1 —
T £ =
i o S ot 3
. o s ol ~1
T I 3
s it 3
I e E
I = 3
T ’ o ’ .
s I ]
*+ T y
I e o8 =
I I 3
- . ‘1
¥ x ]
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APPENDIX C

'WATER CHEMISTRY ANALYSES AND RESULTS

rrChemiéal a#aljsesASfﬂwatérs»coilected from the three wells are.shoﬁn

in Tabie»C-l,‘aiéﬁg withVQateé ofrsample géllectipn, s#mblingrteppérature,
depth:ét which Saﬁﬁles wé;é collected, pH, sbécific conductance, saiinity,
éalculated—énd cérfectedltotai dissplved'solids, calcﬁlétions df sodium
adsogption ratios-tSAR) and residual sodium carbdnéﬁe (RSC) and chemical
charactertics. An'explanation of;some oflfhe-methéds-used‘in the collection
of the data presented in{the columns ;hown on the tablé,;togethefiwithvcomments
on their meanings, is pfesented folléwing the table.: o - |

The geothermal waters in all three wells drilled during this investigation
are rich in chlori&e, implying a hot water system rather than a vapor dominated
system. |

As has been mentioned eisewhere in this addendum and also in the main
volume of the Calistoga report, there are two principal water :egimes,in the
vertical section at Caligtoga: a shallow low temperature fresh water zone
<120 ft) and a deeper higher temperature geothermal water zome (>120 ft). It is
clear from an examination of the water analyses results given in Table C-1
that samples from the fresh water zone are mainly bicarbonate in anion charéc;er,
with characteristically.lower.amounts of chloride, sulfate, énd carbonate.
The samples are mainly calcic in cation gharacter, with relaﬁively lower amounts
of sodium, potassium, aﬁd magnesium, the other three major cations.

In contrast, the samples from the the geotherﬁal water zone are mainly
chloride in anionfcharacterisﬁic with lesser bicarbonate, cafbonate,vand fluoride
content. They are sodic with respect to cation characteristic and have relatively

lower calcium, magnesium, and potassium contents.
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In general,'the caleium bicarbonate fresh waterris potablerand non—injurious.
to plant gronth. The geothermal waters,ron the‘otherrhand are high in sodium
chloride. and usually contain relatively high amounts of bornn, making them |
deleterious for many domestic’ and agricultural uses. Other important parameters
in this regard include, but are not limited to, pH, total dissolved solids,‘
VSAR and RSC as suggested in the preceding explanatory notes for Table C—l.

| ‘The results of the drilling program at Calistoga as well as the study
of water. chemistry for. 208 water wells surveyed in and ‘around Calistoga (see
the main Calistoga report volume) show that the sodium chloride water type
displays the highest temperature and maximum SAR, RSC, and TDS. Moreover,ntheyr

appear to represent the waters coming from deep-seated water zones.

',64'




1.

3.

EXPLANATION FOR TABLE 1

Sampling Temperature .

‘Sampling teﬁperéture is the surface tempefatufe for a spring or a non-

} boiling well diéchafge, the temperathré of steém'separation for well dis-

charges above Edilihg;>of;the down-hole tmeperaﬁures if a down~hole saﬁpier
is uééd.r Tﬁe>averége témﬁéréture'forrthé geoﬁﬁermal.wateré is 41.560 ﬁhile
that for the fresh waf:er‘,ﬁisHl»2.5°C. C R
- , - .

‘This is aﬁ exﬁreééioﬁ qf'thé'iﬁtehsity of‘tﬁe acidity of alkalinity in

water, The,scalé fangés from O'(strbngly acidic) to 14 (strqngly,alkaline)

with neutral water at 7. Most Western U.S. irrigation waters fall in the

mildy alkaline range, 7 to 8.5. The range of pH in the geothermal waters is

'6.85 to 9.03 and that for the fresh water 1s 7.75 to 8.05. The waters of

Arroyo #1 well are very mildly acidic to neutral, and those of Arroyo #2
and Moore #1 are neutral to very very slightly alkéiine and mildly alkaline
to strongly alkaline in néture, respectively.

Specifichpnductivity

This is the reciprocal of resistivity. The resisitivity is the re-

sistance in ohms of a conductor. Hence, specific conductivity is expressed

- in reciprocal ohms per centimeter, or mhos per centimeter (Todd, 1964).

. The range and mean specific conductance for geothermal waters in Arroyo #1,

Arroyo #2, and Moore #1, respectively, are 500-900 and 750; 740-960 and 812;
and 710-1120 and 911 micro mhos/cm. This shows a similar distinctive

progression from west to east ds was shown with pH determinations.

Cations

The basic cation constituents present in significant concentrations in
the water are calcium, magnesium, sodium, and potéssium. Calcium, magnesium,

and potassium'are essential plant foods.
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Sodium is takenrup,byjplants,_but)probably,itzis notran<essential nutrient
andrmay be;toric;to plantsiif tahen‘iniheavy quantities. 'When the
sodium‘concentration is higher,'the;alkaliﬁhaaard is higher. Conversely, -
when calcium<and;maénesium predominate,‘the,alkali;haaard is lower. This

hazard can'be determined by calculating the Sodium-Adsorption-Ration (SAR).

Anions

, Carbonate - bicarbonate, sulfate; chloride, and nitrate are the more

"important‘aniOnS’in water.' Suifate and nitrate‘are'essential'plantinutrients

j’and are needed in reasonable concentrations. Chloride in higher concentrations

1s undesirable and is toxic to some plants, Qarbonate-water is strongly

'alkaline,'but bicAfBohaté'water'1s-¢ﬁ1y5m11aiy alkaline. .The combined
“quantity and relative proportions of both determine the alkalinity and
'pH in a Water. With high concentrations of these two anions, calcium and/or

'-magnesium precipitate as carbonates and water. becomes relatively concentrated

in sodium, which increases the possibility of sodium (alkali) hazard. This
hazard can be determined by calculating the Residual Sodium Carbonate (RSC)

Salinity (Alkali) Hazard

Salinity hazard is evaluated by nsing conductivity (that is, ‘total

dissolved solids) The growth of plants is hindered or prevented by this

"‘kind of haZard Therefore, total dissolved solids or specific conductance
'ilbecomes a good,measure of the salinity hazard involved in the use of water
\Trfor irrigation purposes. Total dissolved solids is a measure of the total
iQuantity'of'dissolvedfmatter in water. lt;can'be‘determined‘by"the~i: |
’fgf551ﬁé£iic7aétﬁad'ar-sy-¢£1cﬁ1ac1ons;'"i£ éah5aiéo be égfim;tedffiAm the
15pecific conductance. The”ranée andimeanhcorrectedftotal~dissolved:solids’

'for geothermal water in Arroyo #1; Arroyo #2 and Moore #1 are, respectively,~
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8.

S

556—647 and 587 " 563-733 ana:.s‘oo'-" and_'549-62'2 and 580 mg/1. 1In fresh

waters, i fuite low, the range being 145-201 and the mean 173 mg/l.

Sodium Hazard or Sodium—Adsorption-Ratio (SAR)

“SAR' is defined by ‘the equation'"l,

' Na+f1;f*'5 e :
Vcats 4 Mgt

in which the concentrations are expressed in milliequivalents per liter

(meq/l) It 1sia calculated value. This sodium—adsorption—ratio is used to

consider the sodium hazard. SAR is based on the absolute and relative

concentrations of positively.charged major ions in water. The range and

mean.oflthe;sodium adsorptionfratios for geothermal waters in Arroyo #1,

?‘Moore‘}l{‘are,'respectively, 9.15 - 10.13 and 9.27, 5.10 = 18.10

4

ArrOyo #2, sﬂ

and 10. 97 and 5,75 - 16 33 and 11 30 meq/l The range and mean in fresh
- waters are very low, being 0, 67 - 0.71 and 0.69 meq/l, respectively.

' Bicarbonate Hazard or Residual Sodium Carbonate (RSC)

RSC is used in considering the bicarbonate hazard of water, which 1s

" defined by the equation.

RSC = (co3+ Hc03 ) - (Ca" +-‘Mgi't)

vin which the concentrations are also expressed in meq/1. ItAis also a

calculated value. Past researchers.(Wilcox, L. V., 1955) have shown that
waters with more than 2. 50 meq/l are marginal and those containing less

than l 25 meq/l RSC are probably safe., In the present study, the range

~‘and ‘mean of residual sodium carbonate ratios for geothermal waters in

Arroyo #1, Arroyo #2 and Moore #1 are, respectively, 2.34 - 2 63 and

o 2, 65 0. 03 - 3.77 and 2. 42 and 0 00 - 2 86 and 1.81 meq/lRSC.‘ The value

"V_for the fresh waters is 0. 00 meq/lRSC,.< B




10.

Boron Hazard

Boron is found in a11 natural waters. The concentrations range from

traces to several milligrams per liter. Boron is essential to plant

growth but is exceedingly toxic at levels only slightly above optimum.

Plants may tolerate boron up to 0 5 mg/lB._ Injury in senitive plants

may develop when irrigated with water containing 0. 5 or more mg/l of

~boron. In the present study, boron seems to be associated with the

sodium-chloride type ofpwater. - The range_and mean of;the boron.cons '
centrations for geothermalfwaters in Arryo #lfiArroyo #2 “and Moore'#l
are, respectively, 10.4 - 10 7 and 10.5; 10.2 - 17 3 and 11.5; and

10.5 - 12.0 andtll.l mg/l B. . In the fresh waters, they are 0, 2 - O 4 and

" 0.3 mg/l B.

Chemical Characteristics of Geothermal Waters

A cation’or anion is said to be dominant when its weight in milli-
equivalents comprises 50% or more of the cation or anion group. -In the'

cases where no cation or anion dominates, the term "mixed" is used to

E describe the characteristic of the water. On this basis, two kinds of

chemical characteristics are found in the present study.
(i) Sodium—Chloride and

(ii) Calcium—Bicarbonate waters.

Water samples M—016-81 and Mr017-81 from the fresh water zone are of the:

,calcium—bicarbonate class, and all the other water samples are of the

sodium—chloride class. Chemical characteristics were calculated by

‘converting mg/l values ‘to equivalent parts per million (epm) and then

comparing individual cations and anions among their groups. Chemical

characteristics are given along with the chemical analyses and other

parameters in;Table c-1 ,,d'.z‘,,f}.

68




-6‘9‘.1

Table 1. WATER CHEMISTRY Chemical Analyses and other Parameters for the Well Waters from Calistoga, Napa County,

California. ‘
seecIric i . . .. TOTAL DISSOLVED SOLIOS . ‘
DATE . SANPLING TENP  DEPTH COMD. SALINITY ®a K Ca Mg fe Al 80 T&L 8- Ba Ma Cu 2Zn W u s €1 0" HCOT So CALCULATED CORRECTED S$AR  RSC - - CHENICAL
SANPLE #a COLLECTED r . FEET METERS PH usho/cm 4 ng/l wg/l wi/l wmg/l wg/t wg/l wg/l wg/)l wg/l wyii wg/l wg/l wg/l wg/L g/l ag/t  wg/t =g/l wg/l wg/d ‘-./l wg/l . og/l - weqfl meq/1 CHARACTERISTIC
ARROYOSL : } . . .

HO01-80 12-23-80 77 25 153 473 685 3300 0.2 168 .9 1L 7 0.2l L 26 L 008 L 0.6 L L L 07 104 191 7.5 o 22 o %o - S5 9.7% © 2.34  Sodium-Chloride
H-002-80 12°23-80 79 26 180 549 .05 %00 0.h 176 16 1) & 1694 £.4 36 0.5 00 L 63 L L L L12 L1030 193 8y 0 2% L %1 647 10.13  2.6) Sodium-Chloride
Vel 12-31-80 68 20, 30 9.1 7.00 800 0.3 168 8 14 7 239 L .18 L 01l L 05, L L L 0.80 ‘107 19 66 0. 220 1 670 358 913 2,45  Sodiui-Chloride
ARROYOP2 o ] o : . . ‘ :
#-003-80 12-30-80  89.3°32 C 180 549 .10 800 03 13 10 15 7 5.7 61 12 04 008 L L L L L OO 10.2 119 68 2. 195 L 692 .. 59 . 9.24: 2.67 -Sodiue=Chloride
N-004-00 12-30-80 . 91 337 200 610 10 70 - 0.3 1. 8 16 6. 279 359 13 03 0.08 L L L L L oS0 102 189 &3 17 200 L 678 . 580  9.42  2.5) Sodium-Chloride
N-005-80 12-30-80 91 33°. 235 L6 710 830 0.9 166 7 15 7 305 3.3 13 0.2 008 L 03 L L L 0.5 103 U5 5.5 16 212 1 ‘668 363 9.84 .. 284 ‘Sodium-Chloride
H-006-80 < 12-31-80 97 36 280 85.4 7.20 - 960 0.4 1L 9 12 4 261 37 13 0.2 0.0 L. L. L . L L 0.6 -10.8 190 67 18 188 L 617 - S84 11,56 2,67 Sedium-Chioride -
M-007-81  1-13-81 113° 43 400132.0 740 810 0.2 1900 7 7 3 1471 2.8 20 0.2 006 L 03, L L L L3 aLL 190 7.2 L1 m 708 605 1513 3.25  Sodiue-Chloride
N-005-81 . 1-13-81 122 .30 4621410 .40 790 0.3 181 7 1l 4 687 X1 19 0.2 005 L L L 00 L L1? 10.86 189 2 9 24 . L 693 .. 588 T 11877 2,92  Sodium-Chloride
n-009-81 1-13-8L 122 50 520139.0 7,70 00 0.3 1% 6 6 2 ILSS L9 26 L 006 L L L L L L2 1L 188 7.2 26 163 ° L ‘690 ' 600 - 15.92 3.28  SodiumeChloride
N-010-81. 1-16-81 124 31 620189.0 790 820 0.3 206 6 8 1 878 1.6 36 L 00 L L L 03 L L8 125 189 7.3 -2 a2y L 730623 10,10 377  Sodive-Chloride
H-OLl-81  1-17-81 A3l S5 740 225.6 T.70 740 0.0 188 7 60 4 - 2.87 1.2 25 L . 0.08 0.9 L. L &4 L 123 11.0. 190 &3 .9 192 L 723 628 ' 635 0.13  Sodiue-Chloride
WOL-81  1-21-81° 1163 47 7622323 740 . 8250 0.0 166 5 10 6 1455 8.9 19 0.9-0.06 L 0.3 L 01 L 0.78 107 - 188 1.4 9 156 - 1 44 368 5,10 2,02 -Sodfua-Chloride
woi-al/ 12081, 106 38320 926 .65 800 04 19 6 60 & 526 L9 54 0.2 013 L 0.3 L 30 L L3 13 1% g0 6. 18 L 64 . 6,04 0.03 Sodium-Chloride
H-014-81.  1-20-81 . 107.5 42 664 202.4 7.70 800 0.2 2% 5 53 4 153 44 25 0.2 009 L 0.3 L %5 L 0.61 173 175 6.0 0. 235 . 1 %9 13 8.35  2.55 Sodiue~Chloride

H-0L5-81 . 1-20-81 100 38, 320 97.6 7.65 800 - 0.4 13 . 5 .7 2 5.00.0.7 3% O 005 L L- Lt L L3 1.5 188 9.0 .8 ‘189 1 €80 387 ' 15,73 2.83 . Sodium-Chloride . . .
MOORE#L . - - . . -
mote-02 1298 a3 2 12 a7 W 1 60 B L o2 4 om L % L oor 1 1L 1L RE T A 0.2 7L o' 1 u e 185 0.67 0.0 Calciuw-Bicarbonate
woir-1¥ 1281 53 13- 65 198 £.05 220 oa 1 L % 9 L L 3% L 013 L L. 01 12 L L 08 .9 L 0, W2 .1 270 . 2001 .M 0,0 Calcium-Bicarbonate

H-018-81 . 1-29-81 - 97 36 210 64.0 836 890 0.z 170 4 & 4 032 L 30- L 008 L L L 01 L 0.60 11.2 188 &3  0° 200 . L 651 589 10.31°2.37 Sodiue-Chloride

N-019-81 1-29-81 113 430 242 3.8 8.40 930, 0.4 176 5 66 4 148 0.6 3 0.1 045 1.0 03 0.1 3.2 01088 120 189 62 9 182 L 71 e 5.75 0.0  Sodium-Chloride

N-020-81  1-79-81 115 46 . 282 86.0 842 850 0.2 P& 5 23 3 208 1.0 34 0.2 008 L L L ‘1.0 L 0.88 109 183 66 9. 179 L 652 66 9.06 1.83 - Sodium-Chloride

H-021~81  1-30-81 113 46 322 98.2 843 710 0.8 189 - 5 10 2 . 1.50 1.5 23 0.2 007 L L L 0.5 1L 0.68 .13 186 5.9 1% - 188 L 634 . 562 ' 18.27 2.8 Sodium-Chloride

H-022-81  2-04-81 162 617 382165.2 9,03 1120 0.4 I8 7 16 1 2252 L 36 L 004 L 0.3 L 4,5 L 1,22 107 Is5 10.2 23 133 . L 660 $95 . 1213 2,04  Sodium-Chloride

n-023-81  2-04-BL 12 6L 3621703 842 950 0.5 18 7 8 1 231 L % L 006 L L L 03 L L68 105 260 1.2 8. 122 L 668 608 16.33 1.77 Bodiua-Chloride
. . . o ‘

1/ Contaminated with tap water while filtering. M-0135-81 {» duplicate Semple of M-013-8t.
2/ This is & fresh water semple from the hand~dug well along side of the drill-site (7 ft. avay).
3/ This is & fresh water semple from the wall about 30 feat avay from the drili-site.




GEOTHERMOMETRY .

eothermometry ie an indirect ‘and unique method of calculating the sub->

surface temperature of a geothermal reservoir.' Geothermometry makes use of
certaingchemical indicators as geothermometers.; The summary of the geothermometrical
methods and’ calculations is given in the main volume of the report for Calistoga.

Muffler (1979, p. 64), utilizing the Na-K-CA geothermometric method -
calculated a temperature of 141°C for the geothermal reservoir at Calistoga.
Majmundar (in preparation) calculated a temperature of 139°C for the same
Calistoga reservoir. ‘ : | -

In- the present drilling investigation. the geothermometrical calculations
for ‘the reservoir temperature have been compiled in Table C~2.1 The averages for
each method used are given at the end of the table. Water types for each of the

samples have been. calculated and are given ‘at the right side of the table. "




1.

2.

3.

EXPLANATION FOR TABLE C-2

Cohductive'Tgﬁperature (Chalcedony)
This is the chalcedony saturation geothermometric temperature (°C)

with conductive cooling, -

Conductive Temperature (Quartz)
' fvrhis,isntyg quarfz sgtura;ion gebthermometric temperaturer(°c)

assuming no steam loss during conductive cooling.

‘Adiabatic Temperature (Quartz)

This is ‘the quartz saturation geothermometric temperature (°C)

assuming steam loss during adiabatic cooling.

Feldspar Temperature

- _This is’thg temperature (°C) calculated from the ratios of Na to K

, usiﬁg the Wﬁite—Ellis curve (cf Truesdell, 1975) Fournier-Truesdell

(1973, 1974)requation orrrey}sedkFournier;(1979)'equation.r

Cation Temperature

- This isiaiso kpown as the empirical temperature (°C) calculated from
the Na to K to Ca usiné Fournier'and Trueédell's {1973, 1974) equationf
Fournier and fotter (1979)»h§ve pub}ished a method of correcting this
empiricai température on the basis of sample's magnesium content.
Calculations for classification of water were performed using "wéight“rasr
a basis. lEquivalént parts per million:(epm) values have been used in

determining the véfious,ﬁater types. The symbols used in this column

~ have the_féllowing meanings:.. -

‘= ywhen one'éation/anion is épproximately equal to another cation/anion

in concentration.
> when one cation/anion is'l”to_1.2 times the concentration of another

cation/ahiqn.

n.




>>

>>>

i7t another cation/anion.;.
ﬁater type for each water sample in the present investigation is.calculaaed :

and tabulated at the right hand column on Table C-2 for ccmparison with subsurface;

_temperature data.

.

when aae,dation/éﬁiOn
caﬁian/an1§n;.;f_‘a

when'ona cation[aﬁth

_cation/anion; =

when~one datidn/anioﬁ

1s 1.2 to 3 timeskfhéfadaaeaﬁfatianmpfrapo;hegw

Qisﬂ3gtqiten times theaéqncgatrapion;af another

1s more than 10 times the concentration of

2




_ _
) lquutﬁéq geoth setric t _, , v cnd water types calculated froa the chemical indicators in well waters
. tabulsted im Table 1. .= .0 e C e e e N . .
R e O CATION TEMPERATURES -C* = Mg CORRECTED
| BILICA TRMPERATURES ¢° - o DMPERICAL g, K, Ca CATION TEMP. Ce VATER TYPE
~ T T T T WGURNIER € TUESSRLL, \
- SAMPL. CHALCEDONY  QUARTZ - QUARTZ . .VEITE & ELLIS | FQURNIER &, * .. S 1973 . E .
. : TEMP. . - {Condue- - (Conduc~_ (Adis= | of TRVESDELL, YRUESPELL,®  FOURNIER : : " FOURNIRR &
SAMPLE #5 €% give) tive) batic) 1975 1973, 19% 1979 pe1/3 p=4/3 POTTER, 1979
AREOYO $1 oo c
. M-001-80 . 25-. : C7901 . 1288 168.7 . . 1540 0 118.00 - . 28,0 “‘;1’,’;‘;2,;;;‘
M-002-80 26 - 84.3 . 8%A- 90,8 " 1 1mm,8 209.0 180.0, 138.0 50.0 :;;’;g;z,;"l E
N i . - Lol . . v R “ - 3
S R<1 20 72506 0 59.8. 0 66T . 11940 L T160.7 - 14640 107.0 34.0 ::’;;gi;‘)‘:'-‘
. ARROYQ #2 ... Ul sl o T '

s S R R _ ; %)) Ca2 Mg > K
H-003-80 32 56.7 1.2 Sl 1550 10 3.0 1> 80055 Gogs 7
M-004-80 i33. .. 60,0 . 116.7 158.4 164.0 104,0 ° 1.0 ez e X

: . : , : 337 Oy
M-005-80 . 33 “TUssaa ki100.2 152.7 140.0° . 100.0 36.0 . . :;’;:eg‘f,:g’:;
— : — T Rad)yCas G K
| m-ooe-g0 36 5.6 ° 1228 S M e e 116.0 O Gl oy oy F
, - — - : — Wa>35Cas 2 K
n-007-81 45 70.5 - . 100.3 N0 - bl 161.0 121.0 50.0
H-oo , : SR . B 14 , C1>HD,>> COyn F
" K~008-81 © $0 28.0 62,2 . 68.8 - 1039 . 94,6 v Nl 140.0 109.0 - sL.0 :;Z::g;,’,:;ﬁo‘
¥-009-81 S0 - 40.2 738 9.1 . 88.3 38,5 1335 133.0 12.0 7.0 :;;’;’;";,:g 3‘;: i
7 e ' - : IS Ce s £
N-010-81 . 51 kb 7.1 o9 850 T 106 132,08 us.o 108,0 °""°°3”°°3’ui’
: : — — - — — WS AN K
nol-sl 55 . 385 73 T Bl A s . . 70.0 & >acopr 3 0,
n-012-81. &7 - 26.5 . 60.8 67,6 - 86,7 767 1320 .. == 97.0 53.0 ZI;’.;%S;&'? 2o

C e . . i . . . . X
013 - T en : ) ; ’ — — Ba > CadpMg > K
H-0L3-81 38 %.2 1055 1068 .93 Bl Sy ’ 65.0 _ Ch> 007 3 20,
M-014-81 &2 39.0 . 727 182 . 63,4 Sk 112.8 . o~ 5.0 -— :;,’;;‘;’cg;;,‘

. - v . . B : 3
W-015-81 38 742 105.5 - 106.8 0.3 - 70,1 ©126.3 - 128.0 108.0 67.0 g;}g}:"‘;%o‘
MOORE #1
e : _ ‘ » - Ca>Mad>Mg
¥-016-81 12 - o T - - - — —

_ _ : e , . HC0,>7580, 2 €1
¥-017-81 13- - — e o— - - —_ —_ — :;,,:,:;c:"‘
H-018-B1 36 . 46.3 9.6 #2606 . - 1180 . e 82.0 69.0 'c‘:’;;cg};,';""
T e - — e - E B — — Na > Cad>Mg > K
u-019-81 65 55.7 88, 20 T 0 S0 azd 7.5 C1> c0.>? 3. 60,
u-020-81 - 46 52.2 85,2 830 . s SN 1292 . e 79.0 79.0 :;;:cg;;’,“; =
M-021-81 46 . © 35.1 . 69.0 . 74.9 -~ 18.2 . 68,0 126.4 — 99.0 8.0 pricagtant
M-022-81 61 . - 56.6 8.2 - 90.9 1022 " 93.0 1458 — 100.0 - 100.0 ‘;{;}ﬁ‘,’,ﬁ’,‘;‘
M-023-81 61 . - SL.8 T 84,8 . 88,8 .. 102:6 7 93,4 U 6.l - 142.0 117.0 12,0 ieia gt AR

-STATISTICS

ARROYO. #1° T . A - O : :

Ko/samples . 3 . 3 -3 . 3 L 3 3 3 3 -3 3
Range . - 2026 25.4-54.3  59.8-87.1 ' 66.7-90.3. 119.A-177.5 - 111.1-173,0  160.7-209.0 146,0~180.0 170.0-138.0 28,0-50.0
Mean . - 23,70 40.0 . L 736 789 . -1el.9. o A3SL . M79.5 . -160.0 121.0 37.3

. Median - . 25,0 40.2 73,8 790 1288 0 1210 1687 . 154.0 118,0 34.0

'ARROYC #2 B : - S Ce

Ko/Samples 13 B BT LU & S IOl It) 9 13 10
Range 3255 11.7-74:2 46.3°105.5 78.2-135.2 65.4~135.2  S4.7-127.8  112.8~174.1 128.0-155.0 65.0-121.0  36.0-102.0
Mean . 42.3 35.3 .- 69.0 . . 1039 99.2 - - 88,6 : - 163.0 1404 - 99,5 58.3
Median  42.0 . 30.0 63.9 - 10L6 - 938 - 9.0 141 - - 1600 108.0 52.0
wooRe €1 . . , - : i - ,

" No/Samples - .6 6 .. o & L8 e PR RO 6 | S 6 H
Range 3661  35.1+55,7 . 69.0v88.4. 76.9-92.0 71.1-102.6.760,6<93.4 ~ 118,0146.1 - 142.0 - 57.5-117.0 - 69,0-112,0
Mean 9.1 0 49,3 82,4 86.7 - .. 86.6 . . 1320 182.0 89.1 83.8

Median 46.0 - 52,0 $5,0 . 89.0 . 828 128.6 - 1420 91.0 84.0

T
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CALISTOGA. GEOTHERMAL
TEST HOLE LOGS AND CORRELATIONS
LITHOLOGIC, WATER CONTENT, AND TEMPERATURE LOGS

OF ARROYO 1, ARROYO 2 AND MOORE 1 DRILLHOLES
CALISTOGA, NAPA OOUN"I’Y. CAUFDRNIA

GARY TAYLOR

HORIZONTAL BCALE (Aproximete)~ 1° » 100°
VERTICAL SCALE = (" s 28°
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