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CONCLUSIONS AND RECOMMENDATIONS

1+ The Kelly Hot Spring area Ts. 4144 M., Rs. 9-13 E. is an excellent

ae)

sothermal prospect and should be explorsd.
g P ¢ ¥

« A three phase exploration program to define the geothermal potential

and drill a demonstration well can be executed in 12 to 18 months

and will cost as follows:

Phase l-Reconnaissance exploration
Phase Z-Detailed exploration

hase 3-Desmonstration well

Total

$81, 500.00
190, 500,00
350,000.00

$61.2,000.00




TNTRODUCTION
Purpose and Scone

The Kelly Hot Spring area is in a region where natural thermal

phenomena are common (fig. 1)« Tt is only 35 miles west of the Surprise
Valley area--currently the site of intensive geothsrmal exploration,
principally by Magma Gnergy, Inc., American Geothermal Resources
Corporation, and Gulf 0il Co. It is southwest of Klamath Falls, Oregon-
site of one of the world's largest developments of natural thermal
energy for space heating. It is about 80 miles northeast of Mount
Lassen, the only active volcano in California.

In addition to being in a reglon whsre natural thermal phenomena

are common (fig. 1) the Kelly Hot Spring area stands out as a geo-
thermal prospect because the geologic and hydrologic factors seem
favorable, and because the geographic factors are suitable.

This report has five objectives. These are:

) To summarize the geographic features of the area;

) To present the available information about the geology and

hydrology of the area;

3) To assign limits te the area that should be prospected;

L) To evaluate and access the merits of the delimited area as a
geothermal prospect so that an appropriately high priority
will be assigned for its exploration; and

(5) To outline an exploration program that takes into aceount the

geology and hydrology of the area.

N >

SN TN NN

This report summarizes and reinterprets data obtained from

published reports and maps; as well as data in the files of the California
Division of Mines and Geologv, California Division »f 0il and Gas,
California Department of Water Resources, and the U. 8. Geological
Surveys

Geothermal Resources International, Inc., supplied the lithologic

log of Kelly Hot Spring Ranch #1. o new data have been obtained.
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Previous ixploration

In 1969 Geothermal Resources International, Inc., drilled the
Kelly Hot Spring Ranch #1. This is the only test that has been made of
the areas geothermal potential. Unfortunately, it was drilled to avoid
action related to a penalty clause in a lease, rather than for specific
information. As a consequence, no geophysical logs were run and the
only temperature measurements were made by hanging a maxirmum reading
thermometer on a survsey bar lowered into the hole.

During drilling lost circulation problems caused the driller to
¢irculate large volumes of cold water into the hole so natural down-
hole temperatures were diminished (probably a great deal) and the
longest period after drilling ceased until a temperature measurement
was made was 12 hours. o flow test was attempted and no water sample
was collected for chemical analyses. In short, the only effort to test
the geothermal potential of the area was totally inadequate.

GEIGRAPHIC FBATURES
Iocation and Size

The Kelly Hot Spring area includes the Warm Spring Valley portion
of the Pit River Basin in Central Modoe County, California. The area
of caslly defined surface anomaly consists of about 25 square miles in
T« 42 N., Rse 9-10 &. (fig. 2). The area considered here includes
part or all of Ts. 41-43 N., Rs. 9-13 B. (fig. 2-3).

Tonograshy and Drainage

The area considered here lies mostly in the Pit River Basin and is
for the most part north of the Pit River. TFigure Zb shows the relation
of the area to the Pit River Basin and the basins of its principle
tributaries.

Mtitudes in the area range from about 4280 feet southwest of Canby
to 5241 feet on Mahogany Ridge. Slopes in Warm Spring Valley are
moderate, less than 100 feet per mile. Fordering the vallev on the
north 1s a relatively steep scarp that accounts for much of the reliaf
in the area. The uvplands along the Pit River Rasin divide are rolling
olains marked by mounds that could be shield volcanoes or eruptive
centers. These uplands have slopes of mors than 100 feet per mile, but
should not be considered well draineds Near the basin divide thofe are
extensive swampse.

As figure 2 shows in addition to reserviors such as Rig Sage and
Yood Flat, which contain water continiously, there are a number of
reserviors that contain water intermittently.




Climate

The climate of the Kelly Hot Spring arsa is characterized by
moderately severe winters and warm dry summers. Temperatures during
the winter drop below ~30°F and during the summers may be mors than
100°F.

About three-quarters of the seasonal precipitation occurs during
the winter months. However, localized summer thunderstorms of heavy
intensity, but short duration, are common.

In this part of the United States, topography influences the
precipitation rather profoundly. Precipitation on the Warner lMountains
(along the eastern divide of Pit River Basin) averages more than 30
inches per year; whereas at the lower altitudes of the Kelly Hot Spring
area precipitation averages only 8 to 16 inches per vear.

The mean annual air temperature at Alturas (altitude = 4365) is.
about 479F.

Land Qunership

In the area under discussion, here the land is divided between the
Us. 3. Forest Service and private owners. A few small parcels are
owned by the State of California, FModoc County, LXR Indian Reservation.
Figure 3 shows the Forest Service ownership.

Cultural Features
Access to the Kelly Hot Spring area is convenient. North-south
Ue S. Highway 395 and east-west California Highway 299 meet at Alturas.
The Southern Pacific Railroad crosses the area. pAlturas has an

excellent landing strip.

An REp transmission line crosses the areas
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As the following table shows, Modoc County, which has an area of
4092 square miles, is sparsely populated.

Population density

Census _Population (persons/ sqe mi.)
1950 9678 ' 2+3
1960 8308 2.0
1970 7469 1.8
1972 8000 1.9

*estinate for July 1, 1972 by California Dept. Water Resources.

About one-third of the population lives in Alturas, the county
seats

Discussion

Not only is access to the Kelly Hot Spring area convenient but
there are also no serious inpediments to movement within it. 50 no
unusugl site factors should increase the cost of exploration for or
the development of geothermal power.

A large percentage of the land is privately held land, and the
federally controlled acreage is not in a KGRA- Eaually important
the people in todoc County seem to be receptive to the idea of geothermal
developnent, because it will provide jobs and help with economic growth.

The other potential geothermal areas in the region (fig. 1) share
the principle geographic constaints to development, which area
(1) The severe winters make exploration and development more costly.
(2) The distance to market is relatively large and available trans-
mission lines may not be adequate. -

In general, the geographic featurss of the Kelly Hot Spring area
enhance the prospective quality of the area, because few areas are ag
favorably situated.




GEQIONGIC FACTORS
Regional Setting

Physiographically the Kelly Hot Spring avea is in the lodoc Plateau,
vhich MacDonald and Gay (1966, pe #6) described beautifully when thevy
wrote:

The Modoc Plateau is a highland region capped by vast late Tertiary
and Quaternary basalt plains and numerous volcanic shield cones that
lergely overlap older basin-range structures. These structures are

£ Jleled by fault-block mountains of Tertiary volecanic rock, with
intervening bagin-like grabens that commonly contain sedimentary rocks
deposited in large Pliocene and Quaternary lakes that had rssulted
focm interrupticn of the drainage by faulting or volecanism. To the
cast and southeast the Modoc Plateau merges with the Great Basin,
across an arbltrary boundary. The Warner Range, which borders the
liodoc Platean on the east, is generally regarded as a part of the
Great Basin, but its rocks and general structure are continuous with'
those of ‘the Hodoc regione On the west, the border of the Iodoc
Plateau with the Cascade Range is also indefinite; the faulting
characteristic of the lodoc region extends into the edge of the
Cascade Range, and some types of rocks are common to both provinces.

The oldest rocks of the lModoc region are a series of intarbedded
lava flows, pyroclastic rocks, and lake deposits forming some of
the block-faulted ranges, and generally tilted at an anglie greater
than 20 degreess Through similar lithology and structural rela-
tionships, they are correlated with the Cedarville Series, which
is best exposed in the arner Range, where it ranzes in age fron
late Oligocene to late Iiocene. The Cedarville Series is mainly
andesitic, but ranges from basalt to rhyolite. Several small

gold, copper, and mercury deposits have been Ffound in rocks
associated with it.

Rocks of Pliocene age include both volecanic and lake depositse
The latter include the Alturas Formation, which occupies the basin
west of the Warner Range in the vieinity of Alturas, and similar
rocks in the basin of lake Britton and valley of Willow Creek
west of Tulelake. The lake sediments are tuffaceous siltstones and
ac,hv sandstones-the latter cormmonly ranging to current-bedded,
vater~laid tuffs-and thick, extensive deposits of diatomite with
variable ash contents The Pliocene volcanic rocks include basalt
and andesite lava flows and mudflows, and cacitic to rhyvolitic
nyroclastic rocks. Southwest and west of Alturas, the Alturas
Formation is locally associated with beds of pumiceous welded
Plioo@nﬁ ash-Tlow deposits are also present in the mountains
between Canby and f\dln, vhere they are interbedded with lava
flows and mud-flow deposits, as well as stream-and lake~deposited
sedimentse
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The older Pliocene rocks, like those of lMiocene age, are found in
block-faulted mountain ranges. Later volcanic rocks, also tenta-
tively assisned to the Pliocene, are ruch less faulted and retain
to a mich greater degree their original constuctional land forms.
These include a series of small sheild volcanics betireen Honey

18864
Leke and the Madeline Plainss

Throughout ruch of the Hodoc Plateau region the basins between the
fault-block ranges were flooded by wide-spreading, very fluid flows
»f basalt, erupted mostly from fissure vents, that formed flat plain
surfaces rather than volcanic cones. These "plateau! basalts have
generally been referred to as "iJarner Basaltf but because of uncer-
tainty of the correlation with the basalt farther northeast, the
basalt in the region just north of Lassen lational Park has been
called the Burney Basalt. At the north edge of Lske Britton, pillow
lavas at the base of Warner Basalt are intermingled with Pliocene
diatomacenus lake sediments, and are almost surely of Pliocene age;
but near Lassen Park the Burney Basalt overlaps folded and eroded
andesites that cannot be older than latest Pliocene, and it is there-
fore unlikely that the basalt is older than earliest Pliostocene. In
the lodoc Plateau region as a whole, the rocks called Varner Basalt
probably rdnge from late Pliocene to Pliostocene in age.

Ca

Tounger than the Warner Basalt is a series of lower Pleistocene to
Recent basalt flows and associated cinder cones; small shield
volcanoes, many of them capped with cinder cones; and loke bedse

The lakesediments resemble those of Pliocene age. The shield volcanx
oes are mostly basalt, tut party andesite. Chemically, mineralogi-
cally, and texturally, many of these flow basalils resemble the
Tlarner Basalt. Hany of them are of pahoehoe typey like most of the
Yarner flows, and in places contain many lava tubes such as those
oi the Lava Beds Hatlonal llonument and Hat Creek Valley, where the
lavas are probably less than 200 years old.

Dther veryv recent flows are of the aa or block lava type. These
include the Callahan and Purnt Lava flows on the flanks of the
tledicine Lake Highland, and the quartz basalt flows at Cinder Cone
in the north-eastern part of Lassen iational Parlk, which last
eruptied in 1851.

The fault of the lodoc region trend in a northwesterly to northerly
direction. The Likely fault is believed to have had appreciable
rightwlateral movement, but most of the faults are normal, with
orimarily verticel displacement. The normal faulting reached a
maxdrum near the end of the IHocene, but has contirmed into Recent
time. Occasional earthquakes suggest that some of the faults, such
as that along the east side of Hat Creek Valley, are still active.
Large volures of water issue from the iarner and later basalts av

several places, including Rig Spring, near 01d Station on Hat Creek;
Pising River, farther north in the same valley; the springs at
Purney Falls and along Purney Creek just above the falls; and those
at the heedwaters of Fall River. The latter, with a flow of about 900
million gallons daily, are among the largest springs in the United

Statese
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The Kelly Hot Spring avea ig part of the California Dept- of Hater
flturas Ground-water Rasine As a consequence the

: 3 e area has been mgpned in some detail. Table 1 swamarizes

the geologic formations of the Alturas Dasin. Astricks show those that

peeur in the Kelly Hot Spring area. Figure 4 is a geologic map of the

aveas

geology of ¢

=

Rocks older than Ifiocone do not crop out nearby nor have they been
reached by drill holes iun the arez. To speculate upon occurrence and
character of specific formations would be fruitless. However, based
upon the extent of local volecanic activity and regional tectwonic features,
we can expect that the older rocks have been partly to completely
metamnor hossd.

The overlying rocks consist of interbedded volcanic and clastic
sedimentary rocks, including extensive lake deposits. Although plugs
of andesite of Pliocene age occur nearby, none crop out within the Kelly
Hot Spring arecae

The exact relation betucen the Cedarville Series, (Tmc) the Turner
Creelk Formation (Tmtc) and the slturas Formation (THa) shown in table 1
is not clear-

The Cedarville Serles crovs out along the Varner Hountain and Hay
Canwon Range. IT consists of bedded tur?, tuff breccia, and a few
basalt and andesite flows. The Turner Cresek Formation crons out in the
mountainous erea west of arn Sorings Valley; it consists of rudflovs and
tuff with lesser amounts of basalt flous and interbedded sandstone,
conglomerate, end dilatomite. The Alturas Formation overlies hoth the
Cedarville and the Turner Creek. The Turner Creek probably correlates
to the upper part of the Cedarville and according to table 1 grades with
the lower vart of the Alturas Formation.

However, the outcrop pattern end table 1 suggest that basalts of
Sarly Pliocene age (Tpvb) should separate the Turner Creek Formation and
the Alturas Formation over at least part of the area. So fdr present
purposes the Cedarville Series and the Turner Creek are presumed
equivalente




Table 1.--Geologic Formations in plturas Basin (after CWRD, 1963)

_Z'[...

Geologic Symbol Thickness Lithology
Formation Feol
Unconsolidated blocks of rocks of small
Talus Qta 0-75 areal extend.
Unconsolidated depasits of organic muck
Muck Omp 0-50 and fibrous peat. Found only in Jess
and Peat Valley.
Basin Unconsolidated, interstratified clay,
£ )} Deposits Qlo* 0-50 silt, & fine sand.
& I Intermediate Unconsolidated, poorly sorted silt and
o ALluvium Qal* 0-75 sand with some lenses of gravele
Unconsolidated. to poorly consolidated
O Alluvium rudely stratified sand, silt & gravel,
5 Fans Qf 0-75 with lenses of clay.
3 Semiconsolidated mixture of blocks of
A | Landslide Qls 50100 basalt in matrix of clay and sand-
© s ' Highly jointed, Tlat-lying olivine
= Pleistocene Opv* 50-1.50 basalt flows with interbedded scoriaceous
g (2 Zoness
S 18 [ Pyroclastic Semiconsolidated red and black cinders.
< 1€ | Rocks Opvp* ?
2 | Near Shore Slightly consolidated & cemented, poorly
"3 | Deposits Ops* 0-200 to well stratified pebble & cobble
- v gravel with lenses of sand & silt.
Upper Member Lake deposited tuff, ashy sandstone,
m | Alturas TQa* 400 gravel, & diatomite. Indistinguishable
/% 1 Formation from lower member.
L |Plio-Pleistocens Jointed, nesrly flat-lying flows of
c% Basalt Member TOv 50-250 basalt with zones of scoria.
E Warm Springs Massive pumice lapilli tuff, Jointed beds
= | Tuff Member TOv t* 100-400 of welded tuff, minor bteds of ashy
& sandstones
H{ Lower Member Indistinguishable from upper member. May
1 Alturas Fme TQa* 400 be Miocene in part.




Table 1.--Continued

Geologic Geologic Symbol Thickness Tithology
Age Formation Feet
Mndesite Tpva* ki Plugs of massive and platy andesite.
I';E!
&
ég Basalt Tpv b* ? Jointed, dipping flows of basalt.
-
2
Rhyolite Tvr ? HMassive, light-colored plugs of rhyolite.
o 1 . Basalt Tmvb 300 Flows of jointed vesicular basalte
=i Lo
s l5l |8
g I e Bedded mudflows, tuffs, ashy sandstone,
o 18 9 | Pyro- & diatomite. May be correlative to Turner
B |Z | clastic Trvp 1000 Creek Formation. Upper portion may grade
S |3 I Rocks into lower member of Alturas Formation.
g |c
ﬂﬁc&]
= Massive mudflows, tuffs, with beds of
2 1 Turner ashy sandstone, & diatomite. Upper
£ § Creek Tmte* 1000 portion mgy be correlative to lower
- Formation menber of Alturas Formation.
~Cedarville Tine* 7500 Massive tuff breceia, basalt & andesite.
Series

..€‘I:._.
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Table Z.w..-Geologic Formations of the Kelly Hot Spring areas

3

Geologic Geologic Thickness
age Formation Symlkol Feet Iithology
= | Alluvium Nal 0.75 Clay, silt, sand, and
=) gravel
&
=
m .
¥ |m | Gardens GpvD 507001 Olivine basalt with
= | & | Pasalt interbedded scoriaceous
& g Zones .
£ 1 e | Pyroclasite Opvp ? Red and black cinders
oo I
< 13 | Vear Shore Pebble and cobble gravel
L P+ | Deposits Ops 0-200] with lenses of sandsilt
Upper .
= | Member TNau 400 Tuff, ashy sandstone,
'g ’ gravel & diatomite
£
= Yarm
i | Spring Massive pumice lapilli
= O 7 S 93 L . L
5 lE ! furr Tt 100300 | pr, welded tuff with
it § v | Member ashy sandstone
o o
& @ 12 | Lower Taff h dsto
o i T 4 £f, ashy sandstone,
5 i = l Hember et 400 gravel and diatomite
O 28
T Tasallt with zones of
& 1 H | Basalt Tvb ? scoria & with beds of
B~ silt, clay diatomite
? and tuff
2
=
& | Basalt Tovb ? Basalt (gray-black)
Q9
=
b
2%
) L4000 Taseive mudflows and Luff
? Cedarville - with beds of ashy sand.
e Series e 8000 stone & diatomite Massive
{‘j » K.Y .. v
5 uff breccia, basalt, & .
andesite




~15-

The relation between Plio-Pleisitneene basalt and the Alturas Formation
is elso not clear. CDR '9‘3, B.e &1, pJ.a"ce 7 eiplanation, and fig. 10)
(see table 1 1p this mmom) showrs that the Plio-Pleistocene basalt occurs
atove t:ze JTarm m‘z.nn Tufi iie *men o the ilturas. Tet in the cross-
sect'ons' (0. ]OO-jOj } this is not the case. 0On cross-sectlon A-A' the
Plio.Pleistocene basalt is shovm only in fault contact with the Alturas

EV

Jarm Springs Tuff lember is showm between the upper and lower

the Alturas. On sections BB!' and CC', the Plio-Pleistocene
basal‘ is showm to be below the Alturas-llarm q‘oangs Tuff ~Alturas
sequence. Relations on the geologic map suggest that the Plio-Pleistocene
basalt generally underlies the Alturas Formation.

a

+

r’i
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I-\ ey
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The major difference betueen the Pliocene basalt and the Pliow-
Pleistocene basalt seems to be that the Pliocene basalt dips; whereas

[l

the Plio-Pleistocene is flat-lving. Thus, vounger rocks overly the
Pliocene basalt with an angular wnconforwmity.

The Plio-Pleistocene basalt will be considered here to underly the
Mituras Formation and to be independent of it. In practice the two
formations probably interfinger so that precise distinction of formation
limits would be difficult.

ioreover, in drill holes distinction of the Pliocenc basalt from
the Plio-Pleistocene basalt may not be possible.

The AMlturas Formation of Plio-Pleistocene age in here considered
to congist of three memberse The upper and lower members (Tial & TQau)
are near identicale. They are lake deposits conslsting of flat laying,
light colored sandstone gravel, diatowite, and tuff.

The middle member is the Warm Sorings Tuff (TOvp) consists of 100
to 100 feet of gray to brown, nassive pumice lapilli tuff, light colored
ashy sandstone, and resistant basalt~like welded wff.

In places the lower wmember seems to be missing and the middle menber
rests directly uoon older rocks. Figure o shows my interpretation of
the relation between the three members. ‘

The Hear Shore Deposits of a Pliestocene lake and an extensive
basalt flow overlying the Alturas Formation. A cinder cone of Pleisto-
cene age with associatedlocal pyroclastic deposits occurs in secse 33 &
Ft, To 42 Ney R- 9 E.  Alluvium occurs in the drainageways.
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The lithologic log of the Kelly Hot Spring Ranch sf1 is far fron
ideal tecause a great deal of mixing occurred due to sloughing in an
uncased hole and to lost circulation zones. Sven so the basic
sequence 15 evident. TIn the interval from 0~1120 feet the log shows
beds of clay, siltstone, and sandstone with beds of tuff. In the
interval 1190-1670 the log shows thal beds of basalt occur. In the
interval from 1.670.3206 TD the log shows that tuff is interbedded with
sandstone and clay with some volecanic breccia. This secuence equates to:

0-1190 Alturas Formation
.1190-1670 Plio~-Pleistacene Basalt
1670-3206 Cedarville Series

Jlickensided particles indicate that faults were crossed in the in-
tervals 2885-2900 and 3000:30f5.

A drill hole can thus except to encounter (ignoring alluvium, local
pyroclastics, and possible andesite plugs) the following rock sequence.

Mge Thickness Formation and Lithologv
Pleistocene 50100 Gardens Basalt--0livine basalt with

Interbedded Scoriacescus zones

0-200 Near Shore Deposits--Coarse clastics
with lenses of silt and sand

Plio-Pleistocens ‘10400 Upper Member, Alturas Formation--
Tuff, ashy, sandstone, gravel, and
diatomite

100-400 Warm Springs Tuff Member, Alturas

Formation--Massive pumice lapilli
tuff, welded tuff with ashy sandstone

1000 Lower Member, Alturas Fotmation--
Tuff, ashy sandstone, gravel, and
diatomite

50-250 Plio-Pleistocene Basalt.-Basalt with

zones of scoria and with beds of silt,
clay, diatomite, and tuff

Pliocene ? Pliocene Rasalt--gray black basalt

liiocene 40007000 Cedarville Series-- Massive mudflows
and tuffs with beds of ashy sandstone
and diatomite, massive tuff breccia,
basalt, and andestie.
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Because the Cedarville Series is so thick, only the deepest test
holes are likely to penetrate it and reach older rocks.

One or more of the post-Cedarville Series Formation may be missing
in a drill hole sequence because of thelr make of origin, unconformable
relations, or because of geologic structure.

§tructure

The Bouguer Gravity Map of California, Alturas Sheet (Chapmen and
Bishop, 1968) shows that the crust thickens from west to east across
the Modoc Plateau. It also suggests that Rasin and Range structural
features persist bsneath the liodoc Plateau. FReatures such as the north-
south trough that includes the South Fork Pit River Vallev and Goose
Lake are easily equated with the structural troughs of the Basin and
Range Province. ,

The geologic-age pattern on the geologic map of California
(M turas Sheet) suggests that the Pleistocene basalts of the Kelly Hot
Soring area oceur in an alwost circular structural basin, a small positive
gravity anomaly (5 mgals) centered over this basalt covered region is
probably dae to an extraordinary thickness of basalt. A somewhat large
positive anomaly (15 mgals) in T. 41 M., R. 11 E. south of the structural
basin probably reflects a buried horst block of the basin and range type.

In the Kelly Hot Spring area both folding and faulting are evident
(fige 6)+ The Likely fault is about 50 miles long and Gav (1959, . 5)
eug est that major right lateral movement has occurred. A north south
fault along the east side of T« 48 ., R. 9 8. may have a mile or more
of left lateral movement, according to my analyses of the Alturas
Formation (fiz. 4Db).

ge
g
1

Two groups of normal faults standout. One group parallels the Likely
fault and trends nodorthwest. The other group parallels the north.south
trending basin and range features. These faults have little strike slip.
As fizure 4 shows these two groups.of faultls jhpersect in the- Kelly Hot
Spring area-

There is no reason to believe that the tectonic aCulVItV that !
created these faults has ceased.

Thres gentle faulted synclines occur (fiz. 4b). The axis of one
passes in s northwesterly direction through the City of Alturas; the
second 1s roughly parallel to the first and passes just east of Rattle -

shake Butte; the third is also gensrally parallel and passes just west
of the town of Canby. The synclines are separated by gentle anticlines.




HYDROGEOINGIC FACTORS
Tntroduction

In circulating through a natural thermal area ground-water increases
in temperature and undergoes changes in chemistry. If the non-thermal
features are understood then variations csused by the natural thermal
phenomena can be recognized and ussd to oredict the location and size of
a geothermal reservoir. Therefore, in this ssction we shall guantify
the natural ground-water flow system to the limits of the avallable data-.

zlements of Theory

Precipitation in a region may runoff on the surfaces infiltrate
into the ground, or evaporate back into the atmosphere. Of the portion
that nfiltrates some becomes soil molsturs and is captured by olants
which transpire it back into the atmosvhere and some enters the subsurface
once againe The flow may be eithsr *Hrough the unsaturated zone or
through both the saturated and the unsaturated zonas. Only the water in
the saturated zone (below the water table) is properly called ground-
water. The area in which infiltration consistently reaches the water
table is called the recharge area. The area in which ground-water emerges
at the surface is called the discharge area. Under natural conditions
ground—water discharges as evapotranspiration to the atmosphere or as
streamflow and sprlnbflow~

wWells inti cept circule’ . [ _round-water. ZTach volume of water
discharged by a well diminishes natural dischargs downstream. If
wells discharge sufficlently great awmounts of water, natural discharge
nay be stoppsd and streamflow, water circulating in the unsaturated
zone, and precipltation fsalling on discharge avea may be induced to move
toward the discharging well. This water is called induced rscharge.

In general recharge does not occur in discharge areas. iowever, one
recnarvge arvea uay support saveral discharge areas. Thus, we recognize
ocal, intermediate and rezional flow systems-~distinguished by the . .

relation bhetwsen recharge and discharge area. In a locel flow systen
discharge derives from Iocal precipitation on loeal recharge areas. If,
however, some of the recharse underflows the nearby discharge area 1o
discharge at some more dlutant point, then an intermediate or regional
system exists.

In the Pit River Basin recharge flowing a short distance to small

tributaries such as the North Fork Pit River or Pine River (south-

east of Altur. ) is moving in a local flow system. However, recharge
which has it's origin in the Horth Fork Pit River or Pine River surface
drainage area may underflow theses streans to discharge in the main stem
of the Pit River and a small part of this may wnderflow the Pit River
to discharge to the Sacramento River. That which discharges to the
Sacramento River would be in the regional flow svstem.

how
0
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The Ground-Water Flow Continuum

The rocks that make up the ground-water flow continuum consist of
lake beds and volcanic rocks plus alluvium. The porosity and hydraulic
conductivity of these rocks derives from interstitial, fracture, and
tubular porosity. Although lava tubes produce locally high permeability
and the interstitial porosity of the lake beds and tuffs produce extreme
variations between beds locally, the Haveragell hydraulic conductivity
is probably controlled by the fractures developed during faulting.
Because faulting causes beds of different lithology to abut and the
fracture porosity produced by faulting pervade the entire rock mass,
the fracture porosity is effective through out the rock mass and creates
a homogeneity on a regional scale that one would not expect by considering
lithology only.

The fracture system does not extend into the alluvium and in all
probability the average hydraulic conductivity of the alluvium is larger
than that of the other rocks of the flow continuum.

The valleys of the Pit River and its larger tributaries probably
oceur in areas where fractures formed zones of weakness to erosion. We
might expect, therefore, that the hydraulic conductivities in thess
valleys are somewhat larger than those near the divides.

Recharge and Discharge

In recharge areas the water table is concave downward. In
discharge arveas the water table is concave upward. As a crude
approximation for Modoe County discharge areas include the areas under-
lain by alluvium by swamp or marsh, or by modern lake basins such as
Goose Lake Basin. The rest of the county is recharge area. Figure ba
shows the water table and figure 6b the recharge and discharge areas in
the Kelly Hot Spring area.

In Modoc County much of the ground-water discharge is via evapotran-
spiration during the summer months and the discharge to the atmosphere
during the warm dry season is probably about 30 inches from swamp, lakes,
flowing water surface, or where the water table is less than 2 feet
below the surface. This is a rate of about 2 cfsm (2 cubic feet per
second per square mile). This rate diminishes to zero at the recharge-
discharge boundary. It also diminishes rapidly with increasing depth
to the water table in the discharge area. Unfortunately the rate at
which it diminishes is indeterminate with available data. The average
ground-water discharge to evapotranspiration over the entire discharege
is probably larger than 0.2 cfsm and is certainly smaller than 2.0 cfsn.
The ground-water discharge to streams can be approximated from streanm
flows duration data by using an unpublished separation technique developed
by Allen Gutjahr and W. K. Summers in 1971.




The value determined is expressed is cfs (cubic feet per second) and
represents the total ground-water discharge that flows pact a gaging
stations Table 3 summarizes the estimates obtained for 12 gaging
stations in the Pit River Rasin (no. 1.12) and 3 gaging stations in the
Goose Lake Basin (no. 13-15)-

The total ground-water discharge upstream from a gaging station
is the sun of the evapotranspiration and streamflow discharge plus any
additional evapotranspiration caused by diversion of streamflow for
irrigations Table 4 sumnarizes the estimated total ground-water
discharge for each gaging station. Figure 7 shows the relation of the
estimated total ground-water discharge per square mile plotted against
apparent recharge area. e expsct the apparent recharge area to approach
the actual recharge area as the apparent recharge area becomes larger.
This is indeed the case except for points 2, 3, and 4 which are for
stations on streams (South Fork Pit River and Pine River) that drain
the highest part of the Warner Range. The high values for these stations
may be due to one or more of the following: (1) the much larger than
average precipitation at higher altitudes, (2) significantly greater
relief, (3) substantially lewer hydraulic conductivity at depth due to
intrusives that cause a significantly larger proportion of the ground-
water to discharge rather than underflow the local flow system.

On the average about 9 percent of the precipitation on the recharge
area appears to discharge in the local or intermediate flow system.
However, the Warner lMountain streams show a discharge on the order of
12 percent of the precipitation. This suggests that overall somewhat
more than 12 percent of the precipitation becomes ground-water and that
@ percent discharges through the intermediate and local flow systems
and 3 percent underflows. I estimate, therefore, that the average
ground-water recharge in the Upper Pit River Basin is about 12 percent
of the precipitation or about 0.16 cfsm. The recharge will be less than
this value near the recharge-discharge boundary where it decreases to
zero, and larger near the surface drainage divide where precipitation
tends to be a maximum. The maximum rate is probably on the order of .32
cfsme.

Underflow is on the order of .04 cfsme As a crude check the Pit
River Basin is about 40 miles wide at Canby and if we assume that 90
percent of the underflow occurs in a slab 1000 feet thick under a
gradient of 60 feet in 12 miles through rocks having an average
hydraulic conductivity of 0.01 ft/day, we estimate the underflow at

~ = 10 ft 60 ft 1000 £t x 40 miles _ ,
P9 day * T2 mies * BGL0O0 sec =23 cfs
day

Q = 26 cfse The recharze are is about 1100 square miles-
The recharge rate to underflow is thea 26 = .021 cfsm.
1100




Table 3+-~Summary of drainage basin data by stream gaging station

E3
No» Name
1 North Fork Pit R. nr. Alturas
2 South Fork Pit R. nr. Jess Vallev
3 South Fork Pit R. nr. Likely
4 Pine Crs nr. Alturas
5 Pit R. below Aplturas
6 Pit R. nre Canby
7 Turner Cr.«-nr. Canby
8 Rush Cr. nre. Adin
9 Putte Crs nr. Adin
10 Pit River nrs. Lookout
11 Ash Crs nr. Adin
12 Willow Cre nr. Adin
13 North Fork Davis Cre nr. Davis Cr.
14 Lassen Cre nr. Yillow Ranch
15 Willow Cr. nr. Willow Ranch

. Location prea (square miles) Discharee {cfs)

+ sec TN RE  plte Total Rece Disc. Total Su G
NT R L2 13 L1380 203 141 62 10.8  10.3 .5
NE 9 39 14 5000 g6 77 19 32 1 14

SE 11 39 13 L4600 247 173 7h .5 28 5.5
§7 35 b2 1 4700 31 26 5 1h.5 9.5 5.0
NE 13 42 11 430 1150 805 35 95 77 18

g7 10 41 9 4280 1431 1001 430 90 31 9

SE 35 L2 8 L4650 L6 37 9 1.4 .98 .22
M 36 Lo 9 LLoo 28 26 2 5.2 L3 .9
NS 24 3% 9 4300 120 8l 36 <50 .65 .25
NS 11 40 7 4200 1535 1110 475 96 83 13
S 21 39 9 4250 258 180 78 31 25 &
5835 38 9 43500 51 L9 2 5.4 2.8 2.6
Sw 15 4514 5100 5.9 ha7 1.2 3.0 2.0 s
SE 27 47 14 5100 26 25 1 5.l L.3 .6
NE 26 47 44 5000 30 2 6 2.1 1.6 .5

* see figure 7 and table 4.




Table Yea-Summary of ground-water discharge above each gaging station

Qbss at Ivapotranspiration (cfs) Precipitation
Rate on
* gage From Irrigated From Discharge Range gin-) Recharge % Discharged
No. _(efs) frea Area Total From To Mrea (cfs)  as Ground-water
1 .50 12 13 12 16 147 8.8
2 14 3.3 18 18 s 1404 i2.5
3 645 7.0 15 24 10 543 280 11.6
L 5.0 +30 5. 12 e bs 13.2
5 18 22 69 110 8 34 1250 8.8
6 9.0 29 86 124 8 I 1550 8.0
7 .22 1.8 2.0 18 22 55 3.6
8 +90 30 1.2 16 22 37 3.3
9 .25 7.2 75 16 22 12 6.1
10 13 31 95 150 8 2 1770 8.7
11 6.0 16 22 14 22 250 8.8
12 2.6 .30 2o 18 22 Vi 3.8
13 .60 o2 .80 18 30 6.7 12.0
14 .62 .30 <92 18 32 L6 2.0
15 50 1.2 1.7 18 32 Il 3.9

* gee table 3 and figure 7.

...ZZ_



This relative agreement may be fortultous. The assumption of an
average hydraulic conductivity of 10 ft/day is consistent with the value
we would expect for fractured voleaniec rocks and unconsolidated sands
and gravels interbedded with rocks of low hydraulic conductivity.
Foreover, the large vield deep (300-800 feet) irrigation wells in the
Alturas region suggest that the hydraulic conductivity is larger than
individual lithologies would suggest. The other assumptions will tend
generally to make the underflow larger than estimated here.

In summary, then, of the precipitation that falls in the Upper Pit
River Basin 12 percent becomes ground-water. Of this most 9 percent
discharges through local or intermediate flow system and 3 percent beconmes

underflotre.

The portion of the ground water that discharges through the known
area of thermal anomaly shown on figure 2 derives from an area of 515
square miles north and west of the Pit River that extends to the divide.
Jpproximately 150 square miles are the discharge area and 360 are the
recharge area- Approximately 60 percent of the discharge area occurs
upstream from the thermal anomaly. Thus, using figure 6, we may estimate
that 40 percent of the recharge on 360 square miles (.4 x 360 x .12 =
17+2 cfs) discharges in the Kelly Hot Spring area. Underflow through
the area both from the apparent recharge area and from the Warner lMountain
may be substantial. If recharge from only 20 percent of the availa-
ble recharge underflows the Kelly Hot Spring area, it amounts to
(+2 x 04 x 1000 =) 8 cfs.




SUBSURFACE THEMPERATURLES
Nbserved ground-water temperatures

The observed temperatures in the Kelly Hot Spring area range fron
55 to 205°F (Appendix 1 and figure 8). In nonthermal arsas ground.-water
temperatures may be estimated by the following relation.

T (°F) = MAverage anmmual air temperature+ 4 + 1.8 x hundreds of feet
of depths

Using this relationship we would expmct ground-water temperatures in
wells to be in the range of 51 to 65°F in the arsa. Anv temperature in
excess of 75°F is surely anomalous. Ground-water temperatures larger
than 75°F occur over a relatively small area (fig. 8) of less than 10
sgquare miles.

Natural ground-water systems are in dynamic equilibrium--that is
ground-water recharge equals discharge and heat flow into the flow
continuum is equal to the heat flow out by conduction plus the heat
carried away by the circulating ground water. At equilibrium iso-
thermal surfaces do not vary with time.

If heat is added to a mass of water moving along a flow line in a
ground-water flow system, that heat is transported in the mass. If the
movement is into a region of higher temperaturse more heat will be added
to the water; if the movement is along an isotherm the heat content
will rewmain constant, but if the movement is ints a region of decreasing
temperature (at equlllbrlum) heat will be lost by dispersion-diffusion
and by conduction at a rate which will maintain the constant position
of the isotherms.

Thus, every point (or mass of water) along a flow line will have
its own unique temperature. The temperature observed in discharging
vrounduwater is then the MYaverage' for all of the terminating flow
llnes- As an example consider the simple case of a spring where 90 %
of the terminating flow lines derlve from a local (shallow) flow system
where the average temperature is 60°F and 10 % from an intermediate
(deep) system, where the average temperature w111 be 90 x 60° + 10 x 90°

100

or 63°F- The anomalous warm water is almost completely masked.
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Three factors influencethe ovbserved temperature shown on figure .
First, local shallow flow svstems are contrituting wster of nonthermal
charactzr. Second, an intermediste flow svstem is contributing thermal
water. Third, an influx of induced recharge due to irrigation and
infiltration from the Pit River have a squelching effect on temperature
locally. The temperature of discharging water in the discharge area
aré:sgreater . than predicted by the usual gradient relationships. I
interpret the temperature anomaly of figure 8 to mean that in this area
a portion of the flow of an intermediate flow svstem is surfacing and
these flow lines pass through a region where a substantial amount

of heat was added. The tempsrature of Kelly Hot Spring indicate that
the flow distance is relatively short or the amount of heat added is

so large that it does not disappear through conduction or by dispersion-
diffusion and that mixing with the local system is minimal.

Termperature measured in the Kelly Hot Spring Ranch #1

The following temperatures were observed in ths Kelly Hot Spring
Ranch #1.

Depth (feet) Temperature (°F) Remarks
318 less than 2000
1060 do
1573 do
1805 do
2106 175+
2666 185
2797 223 after fishing 7sr about 24 hyus
3206 220 after 6 hours
3206 230 after 12 hours

These tempsratures are provably too low. During drilling fluid was
lost at a depth of 1573 feet. This lost circulation problem was
solved by increasing the amount of cold fluid cireculated during drilling.
Flow-line tempsrature during drilling were generally 50 to 70 less than
the bottom hole temperature. In all probability had the bottom hole
tempsrature measurements been made when the hole had returned to tempera.
ture squilibrium the observed temperature would have been much higher.




Hyvdrogeo thermonetry

The temperature at which ground-water was last at chemical
equilibrium can be estimated through the uss of several geochemical
thermometers. For the X2lly Hot Spring arsa data were availsble for
Na-f.-Ca zeothermometer. These estimates are given in Appendix 1 and
shovm in figure 5.

This therrmometer has two pitfalls.. If calcium precipitates the
estimated temperature is too large. If wmixing occurs sstimates are
usually too low. The temperatures estimated here show the influence
of both mixing and caleium precipitation and consequently are less
than ideal.

Judging from the observed temperatures the amount of intermediate
flow system water that discharge is probably only a few percent of the
total. However, since it carries the bulk of the dissolved solids, the
temperature estimates are probably consistently low as evidenced by
the difference batwsen the observed and the estimated at Kelly Hot
Springs

Although the estimated temperatures representaverages based on
concentration and are only a guide to the maximum potential temperature,
they may be combined with ground-water flow system information to infer
the location of the heat source. Combining the estimated temperature
pattern of figure 8 with the water-table contours of figure 6a shows
that a heat source north and east of Kelly Hot Spring would explain
the thermal features of the area. The 300° F contour nay encompass the
heat source but could easily be displaced south and west. The amount
and direction of this displacement is probably minor.

Heat Discharge

Heat discharges from the earth in the mass transport of water and
by conduction. 7e can only conjecture about the amount of heat in ¥elly
Hot Spring area since 1t is dependent upon the distribution of tempera-
ture, the rate of mass transfer, and the thermal conductivity.

We may speculate about the amount of discharging heat by assuming
temperature and thermal conductivity that are reasonable for the con-
ditions that we know about or believe to exist.




Heat flow by conduction depends upon the temperaturs sradient and
the thermal conductivity. Presumably we can estimate the heat flow by
assuming some average conditlon operating over some average area. A
conservative estimate of the average thermal conductivity of the rocks
of the area would be abtout 1 RTU/ft.hour at a gradient of 10F/ft.

The average ‘temperature gradient is more difficult. Using the Kelly
Hot Spring Ranch #1, the temperature gradient appears to be about 1800F/
3206 feet or «0560F/ft. If we assume arbitrarily that the estimated
temperature of 380+ °OF estimated from the Na-K-Ca geothermometer occurs
at depths of 4000, then the temperature gradient is 330/4000 or .083°F/
ft. The world wide average gradient is .018°F/ft.

The gradient used must be choosen arbitrarily. Therefore, in the
interest of a conservative estimate, twice normal (.036°F/ft) is less
than possible but more than expected in a nonthermal area, and is
assumed to be the average within the 200° geothermomster isotherm of
figure 8. The estimated heat flow is then 8 x 107 BIU/sec.

Ground-water discharges from the Kelly Hot Spring area at a rate of
about 17.2 cfse 1If only 10 percent of this water has its temperature
raised a total of 300°F by circulation in the intermediate ground-water
flow system. Then the heat removed by mass transfer in the water is
atout (300°F % 1.7 cfs x 62.4 1bs/ft3 x 1 BTU/1b-OF =) 3.2 x 10% 31U/sec.
If we assume the 8 cfs of underflow estimated earlier has its temperature
raised 300°F then it transports about 1.8 x 105 BTU/sec.

The lost circulation zone in Kelly Hot Spring Ranch #1 indicates a
zone of high hydraulic conductivity. Such a zone could concentrate
underflow and be the conduit for a much larger portion of the underflow
then 1s estimated here.

This estimate of 3.2 x 10% and 1.8 x 105 3TU/sec are vary conserva-
tive estimates of the heat transport in water from the postulated heat
source. The estimates do not take into account conductive losses nor
do they take into account the mass of water heated less than 3000F, nor
does 1t take into account density variations with temperature or
dissolved solids. Variations due to pressure have also been ignored.

The total heat discharged from the area is conservatively estimated
at 3.0 x 105 BTU/sec. This quantity of heat is not large in terms of a
producing steam well, but is certainly a clear indication of a geothermal
anomaly.




GEOTHERMAL POTINTIAL

ixisting geothermal fields occur in a variety of geologic settings-
In general thess settings have only a few features in common:
(1) Mlthough the natural steam or hot water may discharge from rocks of
any age igneous rocks, of late Tertiary or Quaternary'age usually
crop oubt nearby.
(2) Faults are common, but the relation between the occurrence of natural
steam and specific faults is often vague.
(3) Commonly, but not always, thermal water discharges within a few miles.
(%)

locally heat flow way be anomalous.

The Kelly Hot Spring area merits exploration because it has these
features. Volcanic rocks of Pleistocene age are common. The inter-
secting faults provide a potential #plumbing system” for geothermal
fluidss The geohydrologic characteristics of the Upper Pit River Basin
suggest that the area north and east of Kelly Hot Spring contains a
significant subsurface source of geothermal fluids.

In toto the weight of evidence suggests the possibility of a geothermal
field in T» 42 M., Rs. 10 and 11 E+ The potential size of the field can
only be estimated upon the basis of primitive assumptions,but a field
on the scale of 4 to 8 square miles in T, 42 N,, R. 11 E. and T. 42 N,,

K¢ 12 ®. would account for the thermal features obssrved.

The surficial geothermul features of the Kelly lot Spring area
compare favorably with those of Surprise Valley. Surprise Valley occurs
in a classic graben-horst-structure. The rocks, however, are essentially
the same as those in the Kelly Hot Spring area or are older. Within
Surprise Valley there exists a geochemical anomaly similar to that of
the Kelly Hot Spring area.

Thermal water discharges at more places in Surpriss Valley but
apparently not in greater volume. The observed temperature and the
geothermometer estimates are not unlike those in the Kelly Hot Spring
area, as the following talulation shows:

ILocation ‘ Temperature (OF)
observed  Geothermometer estimate

wWell 46 11 16 5 31 R 1 82 320
well Ul 11 15 5 24 B 1 190 ‘ 261.
old Leonard Spe 43 N 16 2 13 B 1 1.04 160
ell 43 N 16 & 12 D 1 184 . 169
Ueil Menlo Resort 39 N 17 & 7 A 1 122 130
do NIPET7ANZ 136 124

do 39517 36 R 1 126 124

renlo Spring 39 X 17 E 7 134 287

The ¥elly Hot Spring area (on the basis of internal
evidence and by comparison with the well-studied Surprise Valley XGRA)
is a viable geothermal srea that should be prospected.-




SNVIROWLENTAL ASPECTS

*nvironmental hazards should be anticivated in the Kelly Hot
Sprinz area. Chemical analvses of the water discharging from ¥elly Hot
Soring show concentrations of arsenic and flouride that are above the
recommended 1imits for public water supply and boron concentrations
that would bs harmful to all but the most tnlerant crovs if the water
were used for irrigation. Since thsse lons occur in thermal water and
are not common in nonthermal water we can expect that development of
the thermal water will generate the concommitant problem of disposing of
these lonse Reinjectlon seems a reasonable technique--especially in
view of the lost circulation zone encountered in drilling the Xelly Hot
Spring Ranch .

Hydrogen sulfide gas may be a problem. Although no chemical
analysis reports the gas, the air at Kelly Hot Soring occassionally
contains a slight odor of HpS, so development of the thermal water may
increase the amount of HpS discharge.

Fortunately, the environmental problems that may come from developing
a geothermal field in:the area fall well within the capability of
existing technolozy. Potential problems, such as subsidence, can only
be evaluated when more data have become available.

BXPIORATION PROGRAM
NDutline

To establisnh the presence of a geothermal field, I recommend ths
following exploration programe.

Phase le--Reconnalssance exploration

as Geohydrology and geochemlistry
In this phase all wells and springs in the area T« 4144 .
Rse 9.13 E. should be sampled. Blcarbonate-carbonate,
chloride, flourlde, and silica concentrations should be measured
in the field together with temperature, oH, and specifiec
conductance. A1l samples should be submitted for sodium,
pwtassium, and calcium analysess. About 20 percent of the samples
should be analyzed completely including arsenic, boron, and selected
trace metals. About 10 percent of the samples should be sent for
isotope analyses.

This phase of exploration would confirm the present data and
expand it.




b. Preliminary geophysics

In this phase ground-noise surveys, Schlumberger resistivity,

and gravity survey should be made by contracting with specialists.
Ground-noise should include a minimum of 99 stations in Ts. H1-
by ¥., Rse 9-13 3. (a rectilinear three mile grid). A gravity
survey should be made over the same area with a station density
of 1 station/square mile or 576 station. This data should be
tied to existing gravity data. The resistivity effort should be
restricted to Ts. 42 N., Rs. 9-10 E. and should be limited to
about 8 deep soundings along a profile from Canby to the Alturas
landing strip.

Phase Z2.--Detail exploration

This phase depends in vart upon the resulis of Phase 1. Tt
should include the following elements:

a« Detailed resistivity

be From 5 to 7 test holes to obtain heat-flow data and to obtain
fluid samples as a function of depth.

ce At least one slim-hole stratigraphic test to 5000 feet--not on
the anomaly-~should be drilled and a complete suite of logs
and drill-stem tests should bs obtained.

Phase Jew~Demonstration well

The location and depth of this well will depvend upon the results of
Phase 2. TIts purpose is to confirm the pressnce of a geothermal
reservoir. For preliminary planning purposes, I anticipate its
depth will be 7000 feet.

Pudget
This exploration program is designed to gather useful information
t a rate that increases the cost of prospect ol with increasing
confldence in the presence of a drillable anomaly. The following costs
are approximate;




Phase 1.-~Reconnaissance exploration

b
1

a. Zeohydrology and geochemistry

Fleld geologist (3 months) 3 5,000.00
Fleld expsnses and mileage 1,500.00
Chemical analyses 104 000.00
Isotope analysss 5,000.00
Overhead, administrative, etc. 1.0,000.00

Total 33T, 500. 00

b Preliminary (Geophysics contrachs)

Ground noiss 100 sta. @ 3200/sta. $ 20,000.00
Gravity 600 sta. @ $20/sta. 12,000.00
Schlumbsrger resistivity 8 sta. @ $1000/sta. 8,000.00
Overhead, sdministrative, etc. o 10,000.00

Total 5 50,000.00

Phzse Ze-.Detailed exploration
a. Dotailed resistivity 30,000.00
o Test holes

To drill 5 holes @ 1000 feet each est. cost

55/foot with 100 feet of core 40, 000.00
Logs, flid samples, ete. 5,0C00.00
Geologist and expenses 1,500.00
deat flow meas. and anslysis 10,000.00
¢ Slim-hole tést stratigravhic

5000ft @ 10/ft 50, 000.00
lozs, ete. 10,000.00
Feonlogist, -etc. Z2,000.00
Heot flow 19,000.00
Overhead, administrative, etc. 20,000.00

Total 3190, 500.00

Phasge 3sa-Domonstration well
7000 £t @ $50/ft $350,000.00
includes all logging, geological, testing, costs =
in addition w drilling charges. '

Summarys

Phags 1.w-Preliminary exploration 3 81,500.00
Phasa Z..~Detailed exploration 190,500 00
Phase J.--Deronstration well )90 000.00

Total 2,000.00




Timing
The time resquired to complete each phase 1s about as follows:
Activity Time (wonths)

Phase 1 °~muCCOﬂﬂngoanC explorstion

g+ Geohydrology and geochemistry

Field work 3
Office review and evaluation 2
Total elapsed tinme 5
) . . .
be Preliminary geophysics
Ground-nolse contract 1
Gravity 1
Schlumberger resistivity 1.
Office review and evaluation . 1
Total elapsed tinme 2
Phase Ze~-Detailed exploration
a+ Detailed resistivity 2
be Heat-flowr tests 3
c. Stratigraphic test 1

d. Q0ffice review and evaluation 1
Total elapsed timse L

Phase 3Je-aDemonstration well 3

The total elapsed time depends upon when the individual elements
begine TFor example, 1f Phase la and 1b are carried on similtansously,
the elapsed time would be about 5 months; if carried on sequentially
7 months. Thus, the time to complete the program range’ from a minimum
of one year to a maximum of about 19 months, excluding delays caused
for adminstrative, governmental, or environmental reasons.

Discussion

The exploration program as outlined ssrves two purposes. First,
and forswost, it is aimed at defining a geothermal field. Second,
it will generate much of the information required to define environ-
nental factors so that environmental impacts may be predicted and
controlled.
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This program will not provide the data regquired to resolve all
questions of environmental hazards. A prozram to resolvs these
gquestions should be initiated only after the geothermal potential

A,

been demonstrated.

.

3

has

The reconnalissance exploration phase covers a rmuch larger area
6 townships) than the prasent report. The reasons for this are:
) A broad base is needed to adequately define anomalies.
) Thermal features in Modoc County are not limited to the Kelly
Hot Spring area or to Surprise Valley. To do a rsconnaissance survey
of the whole of liodoc County would be prohibitively expensive, but
to do reconnaissance work on this somewhat larger area adds only a small
increment to the coste This choice of area is an econowmic compronise,
between a reconnaissance study of the whole of lodoe County and the two
townships of specific interest.

ITNSTTNSTS
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APPENDIX 1 ESTIMATED EQUILIBRIJM TEMPERATURE USING
NA~K-CA GEOTHERMOMETER FOR KELLY HOT SPRINGS AREA.

FRANKS BROS. WELL 130°

44N13E36AL 7/29/58 60 82 32
A W CARLSBERG. WELL 235! " 44N13E3681 7/29/58 62 80 31
P G SHEDD WELL 267 44N13E25H1 7/29/58 56 51 12
GREISS WELL 330? 42N13E34K1 6/ 5/58 56 111 51
-EDWIN SWANSON DOM 80" WELL 42N13E3261 7/14/69 57 111 51
EDWIN SWANSON DOM 80" WELL 42N13F32G1 3710763 %k 113 52
EDWIN SWANSCN DOM 80' WELL 42N13E3261 8/28/62 % Xk 105 47
EDWIN SWANSON DOM 80' WELL 42N13E3261 8/24/61 55 107 48
EDWIN SWANSON DOM 80' WELL 42N13E326G1 7/29/60 59 105 47
EDWIN SWANSON DOM 80' WELL 42N13E3261 8727/59 56 113 52
ERWIN SWANSON WELL 80! 42N13E32G1 8/27/59 56 108 49
ERWIN SWANSON WELL 80°* 42N13E326G1 6/ 3/58 54 99 43
YOUNGER DOM 179' WELL 42NI13E3161 9/10/63 et 183 97
YOUNGER DOM 179° WELL 42N13E3161 8/28/62 L 170 89
YOUNGER DOM 179' WELL 42N13E3161 1/24/61 61 167 87
JOBE AND YOUNGER WELL 42N13E31G1 8/25/59 62 177 93
YOUNGER DOM 179! WElLL 42N13E3161 8722759 62 184 98
JOBE AND YOUNGER WELL 42N13E31G1 6/ 3/58 59 170 89
YOUNGER DOM 179" WELL T 42N13E3161 7/29/°0 63 177 93
BAILEY DORRIS DOM & STOCK WELL 125° 42N13E30C1 6/ 3/58 65 132 64
ALLAN WALL WELL 300* 42N13E28K1 6/ 5/58 59 83 33
BERRY STEVENS WELL 200! 42N13E22D1 6/ 4/58 58 1138 55
HANS A HEESCH DATRY WELL 200° 42N13EL1T7D1 6/ 3/58 57 110 50
W M RAGER DOM & STOCK WELL 800* 42N13E 66l 6/ 4/58 64 116 54
MAYER GRAVEL CO. WELL 210°¢ 4Z2N13E 5MIL 6/ 4/58 62 118 55
SHARKY DORRIS WELL 280! 42N12E25HI 6/ 3/58 58 136 67
SOUTHERN PACIFIC RR WELL 500° 42N12E24CL 6/ 3758 60 138 68
M A HORNING WELL 300¢ 42N12E12F1 ‘6/ 3/58 57 100 44
ALT MUN NO 6 DEPTH 444%' WELL 42N12EL11J1 8/ 1/67 64 110 50
ALTURAS CITY WELL 42N12EL11Q1 9/10/63 X 170 89
ALTURAS CITY WELL 42N12E11QL . 8/23/61 XK 166 86
CITY OF ALTURAS MUN 350¢ 42N12E11Q1 8/27/59 72 152 77
ALTURAS CITY WELL 42N12E11Q0 72/36/ O Lk 161 83
JAY GRIFFITH WELL 144! 42N12E10E1 6/ 4/58 56 127 61
LEONA FISHER WELL 75! 42N12E SF1 6/ 4/58 62 139 69
JOHN CUMMINGS WELL 130° 42N12Et B8El 6/ 4/58 62 96 41
JOHN KELLY DOM & SLAUGHTER HOUSE 260! 42N12E 7M1 6/ 4/58 57 111 51
K W ADATIR WELL 330* 42N12E 2Al 6/ 4/58 66 107 48
E E EGLE WELL 280! 42N12€ 1R1 6/ 4758 ‘59 104 46
J J HATFIELD IRR WELL 500! 42N11E35R 8/ 4/58 66 149 15
CARLTON O ROUSE WELL 34! 42N11E33El 8/ 4/%8 62 320 185




NAWE [ICATION GATE OBSERVED ESTIMATED ESTIMATED
TEMP. F. TEMP. F.  TEMP. C.
‘ HARRY HUGHES WELL 861 42NL1E25P1 8/ 4/58 56 153 78 ,
TLOYD GOTNGS DOM € STK IT47 WELLT GZNITEZGAL 9711763 T 13 55
LLOYD GOINGS DOM & STK 1149 WELL 42N11E24AL  8/28/62 oo 110 50
. LLOYD GOINGS DOM & STK 114' WELL 42N11E24A1  8/24/61 61 110 50
TLOYD GOINGS DOM & STK 1147 WELL GINI1EZ4AL  7/29760 57 113 52
LLOYD GOINGS DOM & STOCK WELL 114! 4IN11E24A1 6/ 4758 58 100 44
, WM HAGGE WELL 150° 42N11E22M1 8/ 5/58 62 321 186 .
FRANK MARTIN DOM 2047 WELL %2NILEL9EL 9720766 s 309 178
FRANK MARTIN DOM 204°' WELL 42N11E19E1  9/11/63 . 317 183
FRANK MARTIN DOM 20547 WELL ZINTIELSEL 6724761 &3 309 178
FRANK MARTIN DOM 204' WELL 42N11E19El  7/29/60 ok 298 171
. FRANK MARTIN DOM 204' WELL 42N11EI9E]l  8725/59 Kot 304 175
FRANK MARTIN WELL 2047 %INILEISEL 8725759 wFE 307 177
FRANK MARTIN WELL 204" 4ZN11E19ELl 8/ 4/58 59 320 185
) MARION FISHER IRR & STOCK WELL 20° 42N11E 9K1- 8/ 4/58 90 135 66
MARION FISHER TRR & STOCK WELL 207 Z3N11E 9KI  B8/25759 52 153 78
EVERETT W CALDWELL WELL 200" 42N10E314l . .8/ 5/58 57 155 79
h J HARRY WICHAEL WELL ZINIOEZSHT 9711761 TR 5 =T
J HARRY MICHAEL WELL 42N10E29HL  8/24/61 - 58 17
Y J HARRY MICHAEL WELL 42N10E29H1  7/29/60 ok 57 16
J HARRY MICHAEL WELL 777 42NIDEZGHL 8725759 FE 156 80
J HARRY MICHAEL WELL 42N10E29HL 8/ 5/58 84 233 129
N J HARRY MICHAEL WELL 77! 42N10E29HL 8/ 5/58 84 236 131
KELLY HOT SPRING 42N10E29 16730757 704 149 75
KELLY HOT SPRING 42N10E29A1  8/21/57 198 155 79
! T T ENVART WELL 100° %3NI0EZ7ET 87 5758 &3 337 153
NORMAN QUIGLY WELL 180° 42N1OE22Bl 8/ 5/58 59 79 30
; PELISSA & HALE D, Sy & IRR SPRING 42N10E13G1 8/ 5/58 82 262 135
FRANK BAYS DOM, STOCK & IRR WELL 160°' 42N 9E36L1 87 5758 565 114 53
PETER OHM WELL 280" 42N 9E35RL 8/ 5/58 60 346 202
. CHARLEY GRANT WELL 140° 42N 9E26J1 8/ 5/58 56 116 54
RAY MILLER WELL 1107 42N SEZ3KL 87 5/58 60’ 160 82
H BELL WELL 120¢ 41N13E30LL 6/ 2/58 56 108 49
15,
€ E MASSAE DOM 2807 ZINI3ELIBOY 7724768 59 50 37
C E MASSAE DOM 280! 4IN13E18P1  9/10/63 - 97 42
. C E MASSAE DOM 280! 4LINI3EL18P1  8/28/62 * 5k 94 40.
C € MASSAE DOM 280° 4INI3EL8PL  B8/24/61 6e g5 3%
C E MASSAE DOM 280! 41N13E18P1  7/29/60 67 102 45
. C E MASSAE DOM 280" 4INI3E18P1  8/2B/59 62 91 38
MORGAN BROS WELL 2807 LIN13E18PL  8/28/59 62 85 3%
MORGAN BROS WELL 280° 4IN13E18P1 6/ S/58 60 91 38
" HERNAN WEBER WELL 2007 4INI3E 562 67 3758 55 5% %0
PACIFIC TELE & TELE DOM 160°' WELL 4IN1ZELSHL  9/12/63 - 155 79




NAME

LOCATION DATE OBSERVED ESTIMATED ESTIMATED
TEMP. F. TEMP. F. TEMP. C.
S PACIFIC TELE & TELE DOM 160* WELL 41N12E]15H] 8/24/61 hlihd 144 72
PACIFIC TELE & TELE DOM 160" WELL 41N12E15H1 1/29/60 T4 149 75
PACIFIC TELE & TELE DOM 160' HWELL 41N12E15HL 8/25/59 74 149 75
. PACIFIC TEL & TEL DOM WELL 160°¢ 41IN12E15H1 6/ 3/58 64 138 68
PACIFIC TELE & TELE DOM 160' WELL 41N12E15H] 7/27/721 T0 142 71
PACIFIC TEL & TEL DOM WELL 160! 41N12E15H1 8/25/59 T4 141 70
s JOE WISTOS DOM & STOCK 120! | 41N12ELOJ) 11/18/55 i 118 | 55
B A JACKSON DOM & STOCK 85° 41M12E 2Nl 6/ 3/58 57 119 56
ROBERT MACKEY WELL 85! 41N11E29HL 8/ 4/58 65 108 49
ROBERT MACKEY SPRING 41N11E29J1 8/ 4/58 57 93 39
HUGH GORDON WELL 111'° 41N11E2682 8/ 4/58 62 125 60
; ROBERT MACKEY DOM. & STOCK SPRING 41N11E21P1 87 4/58 78 133 65
HARVEY CLARK WELL 50" NO3=310PPM 4INI1E 5L1 B/ 4/58 57 130 63
CAL PINES IRR. & DOM, 320! 41IN11E 241 7/28/71 10 419 249
s CAL PINES IRR. & DOM. 320! 41IN11E 241 9/11/63 i 174 91
CAL PINES IRR. & DOM. 320°? 41NL1E 241 B/28/62 EEE 365 214
CAL PINES IRR. & DOM. 320! 41INL11E 2J1 8/24/61 ket 373 219
1
CAL PINES IRR. & DOM. 320°¢ 41N11E 2J1 7/29/760 *wk 326 189
CAL PINES IRR. & DOM. 320! 4IN11E 241 8/25/59 (L3 365 214
® MAXINE EDWARD WELL 144° 41N11E 2Gl 8/ 4/58 62 119 56
PATRICTIA MOYER DOM & IRR WELL 320° 41N11E 241 8/ 4/58 64 158 81
PATRICIA MOYER DOM & IRR WELL 320! 41IN11E 241 8/25/59 ki 186 99
" JACK NORTHUP WELL 153°¢ 4IN1LIE 1Al 8/ 5/58 64 343 200
FRANK CALDWELL WELL 320° 41IN10E 2Ne 8725759 kA 174 9l
FRANK CALDWFLL WELL 320* 4IN1OE 2N2 8/ T/58 65 247 138
12
LEE WRIGHT WELL 135! 41N1OE 2Q1 8/ .17/58 72 144 T2
DETTEFF DFRNEZ DOM & IRR WELL 140! 41N SGE13E1 8/ 7/58 64 82 32
n K MOHR WELL 152" . 41N 9E10C2 8/ 5/58 55 97 42
WM VON BORESEL DOM & STOCK WELL 2087 41N SE 2Bl 8/ 5/58 60 153 78
CARY WILLIAMS DOM 100° 40N13E31EL 6/ °2/58 110 144 T2
" H MONRQOE DOM 80! : 40NI2E26AL 6/ 3/58 56 138 68
HAROLD MONRQE DOM 144' WELL PT R RANCH 40N12E25J1 1/27/71 &4 183 97
HAROLD MONROE DOM 144' WELL PT R RANCH 40N1Z2E2541 1/24/68 64 158 81
y HARGLD HMONROE DOM 144' WELL PT R RANCH 40N12E25J1 9/12/63 P21 167 87
HAROLD MONROE DOM l44' WELL PT R RANCH 40N12E25J1 8/28/62 * A 167 a7
" HAROLD MONROE DOM 144! WELL PT R RANCH 40N12E2541 8/24/761 66 167 87
HAROLD MONROE DOM 144' WELL PT R RANCH 40ON1Z2E2531 " 7/29/60 69 164 85
HAROLD MONROE DOM 144' WELL PT R RANCH 40N12E2541 8/28/59 64 161 83
o M H MONROE DOM 150° 40N12E2541 6/ 3/58 58 155 79
M H MONRDOE DOM 1507 40NI2E25J91 11/18/55 X 158 81
M H MONROE DOM 150¢ 40N12E25J1 8/28/59 69 155 79
! NELSON MONROE ART.WELL PERF3007 BOOT'STK 4ONIZELILIFY 9712763 *%¥ 399 236
NELSON MONROE ART.WELL PERF3Q0' 800°'STK 4ON12ELLF1 8/24/61 71 139 69




NAME LOCATION DATE OBSERVED ESTIMATED E€STIMATED
TEMP, F. TOMP, F. TEMP. C.

NELSON MONROE ART.WELL PERF300' B00'STK 40N12El1Fl 1/29/60 69 147 T4
NELSON MONROFE ART.WELL PERF300' 800°'STK 4ON1Z2EL1LF1l 38/25/59 wE% 147 T4
NELSON MONROE STOCK 800° 40N12EL1F1 6/ 3/58 66 142 71
NELSON MONRQE STOCK 800" 40ONI2EL1F1 11/21/55 62 136 67
NELSON MONROE STOCK 800° 40N12ELl1lF1 8/25/59 A 136 67
R FLOURNOY DOM 108! 39N13E18Al 6/ 2/%8 58 91 38
K D VAN LOAN DOM 10° 39N13E 901 6/ 2/58 i 102 45
S PR R DUM & IND 39N13E 8Kl 6/ 2/58 59 130 63
S P RR DOM & IND 39N13E 8K1 11/18/55 EE¥ 108 47
K FLOURNGCY NOM 801 39N13E 7Nl 6/ 2/58 54 69 24
DIN FLOURNEY DOM 300' WELL 39N13E 6Nl 7/22/70 68 147 T4
DON FLOURNEY DOM 300' WELL 39N13E 6N1 9712/63 X%k 150 76
DON FLOURNEY DOM 300f WELL 39N13E 6Nl 8/28/62 LET3 147 T4
DON FLOURNEY DOM 300' WELL _ 39N13E 6N1 B/24/61 LE2 ‘ 146 73
DON FLOURNEY DOM 300' WELL® 39N13E 6Nl 1/29/60 69 ' 149 75
DON FLOURNEY DOM 300' WELL 39N13E 6Nl 8/25/59 ) 70 155 79
DON FLOURNOY DOM 300 39N13E 6N1 6/ 2/58 70 : 146 73
DON FLOURNOY DOM 3007 39N13E 6Nl 8/25/59 70 147 ’ 74
K O VAN LOAN DOM T70°¢ 39N13E 502 6/ 2/58 59 144 72
B8 CHRISTENSE DOM 60! 39N12E 2L1 6/ 2/58 64 133 65
EDGERTON SAWMILL IND 39N 9€E21Ql 9/18/57 70 114 53

M E KRESGE NOM 12' WELL 39N 9E 2P1 7/23756 ok 99 43




