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ABSTRACT

The Susanville geothermal anomaly, located in.northeast California, has
been identified as a resource with potential for the development of geothermal
energy for direct use applications. As a result of the City of Susanville's
interest in developing the resource for a city-wide space heating program, the
Water and Power Resources~ServiceA(formerly the Bureau of Reclamation) and the
Earth Sciences Division of Lawrence Berkeley Laboratory (LBL) have collaborated
since 1978 on a geothe;m;l résource evaluation project. As part of this pro-
ject, tﬁelve explora;éry temperaﬁﬁfe grédient holes have been drilled (bring-
ing the total number of old én& new holes and wells fo 23), subsurface geologic
and geoéhysical data have béék aﬂélyzed, and a well téét has been conducted by

Lawrence Berkeley Laboratory.

Interpretation of data obtained from well testing, drillers' and litho-
logic logs. and geophysical surveys suggests. the presence of a fault-related
reservoir of high permeability, shallow depth, limited thickness and limited

lateral extent.

Temperature contours and profiles suggest the upwelling of fluids on a
northwest-trending fault, from where they are dispersed into the reservoir
along a highly permeable, fractured agglomerate-basalt intérface and fractured
volcanic units. Well tests show a high lateral permeability associated with
the fractured interface, and porosity values are low, supporting evidence for

a fracture-dominated producing aquifer(s).




viii

The areal confinement of the anomaly has been established on three sides
(west, south, east) to a depth of 200 m. in the southern portioﬁ, temperature
reversals below an aglémerate-basaltic interface suggest a vertically confined
aquifer. Water samples and petrologic data iﬁdicate that in the past, fluids
of temperatures between 70°C and 150°C flowed through the fracture system.
Computer mbdeling indicates that a horizontal, regional flow of hot fluids is

required to match the observed temperature distribution.

It is recommended tﬂat calculations for an estimation of resource life
iﬁ terms of temperature and pressure>decline be made; Before a confident
estimate.of total resource producibilit& is éossible, the resource must be
more completely identified, and the total depth, maximum fluid‘temperature and
the extent of the northern portion of the resource must be established.’The
results of furthur testing, combined with previous test data, as well as all
other available data, would yield a complete description of the reservoir, and

define future drilling depths, expected temperatures, and sites for reinjec-

tion wells.



"INTRODUCTION

The Susanville geothermal anomaiy is located in northeast California, at
the foot of the Sierra Névada. The presence of several shallow hot water
wells and a natural hot spring initially identified this area as a prospective
candidate for the development of geo;hermal energy. More recently, increased
fossil fuel costs and the high price of transporting liquified natural gas to
Susanville and £he surrounding area stimulated interest in developing the
resource for a city-wide space heating program. Since late 1978, the Water
and Power Resources Service and the Earth Sciences Diviéion of Lawrence
Berkeley Laboratory have collaborated on a geothermal resource evaluation
project at Susanville. As part of this project, twelve deep and five shallow

temperature gradient holes were drilled, sub-surface geologic and geophysical

data were analyzed, and a well test was conducted.
GEOLOGIC SETTING

The city of Susanville is located at the intersection of three major
physiographic provinces: the Modoc Plateau, the Sierra Nevada and the Basin
and Range (see Figure 1). Plio-Pleistocene volcanic rocks form a dissected
plateau north and west of the city. These volcanics have been identified1
as members of the Warner Basalt, a collective unit of petrographically and
structurally similar lavas found throughout ‘the Modoc Plateau. South of
Susanville lie the Jurassic-Cretaceous quartz_monzonite and quartz diorite of
the Sierran batholith. Extending east and southeast from Susanville is the

graben-like structure of Honey Lake Valley, filled in part by Pleistocene

sediments of extinct Lake Lahontan.




LCALIFORNIA
NEVADA

i
L i,

e
LGOuUNTY. e
1 %, \:‘u}v ) HONEY LAKE
i Wy oy By
P LN,
€ B 130
| D
7

; =+ =t - -
- s Herlong :
—_g - i
( I

T2 B

ro
»

Fige 1. Location mé.p of Susanville Geothermal anomaly.



The Susanville geothermal exploratory wells penetrated Holocene alluvium
and Pleistocene Lahontan Lake sediments, interbedded with Plio-Pleistocene
basalts and andesites. These same lithologic units are penetrated by water
wells in the Susanville-Johnsonville area and typically provide good yields of
groundwater. The respective amounts of water produced from either the basalt
or the sediments are not well understood.? Meteoric water permeates through
fractures and joints in the basalt and along vesicular and scoriaceous zones
at the top and bottom of the basalt units. The Lahontan Lake sediments thicken
to the east of Susanville.  To the south, they interface with coarser, near-
shore Lahontan deposits. These near-shore deposits outcrop along the base of

Diamond Ridge.

Hydrologically, the near-shore Lahontan deposits have a dual role. They
are usually highly permeable and provide a path for groundwater recharge of
interfingering Lahontan sediments and, in some cases, récharge to underlying
basalt units. In saturated zones; such as along thé base of Diamond Ridge,

near-shore deposits are important shallow groundwater aquifers.

The geologic relationships formed between rock units of the three major
intersecting provinces are too complex to be discussed in detail here. We can
comment, though, on stratigraphic and structural characteristics of the poten-
tial Susanville geothermal area based on observations made from lithologic and

geophysical well bore logs.




(XBL 801-6767)

Fige 2. Location map of wells drilled to date in Susanville.




Geothermal Wells in the City of Susanville

Twenty—-three temperature gradient holes and wells‘have been drilled in
the City of Susanville to date. Five temperature gradient holes, with a
target depth of 40 m, were drilled for preliminary resource identification.
Twelve exploratory wells, with depths of 135 m to 640 m, were then drilled in
an attempt to outline the areal e&pont of the geothermal anomaly. Lithologic
logs of these wells are included in Afpendix B. Six older-wells, five drilled
in the 1920's and one drilled in the early 1960's, are also in the City of

Susanville. Well locations are shown in Figure 2.

Five temperature gradient holes were drilled, and four (TG-1, TG-17,
TG-18, TG—-19) were completed to a target depth of 46 me TG-2 only reached a
depth of 15 m due to difficulties encountered durlng drilling. Temperature
gradients of 0.12°C/m to 0.21°C/m were encountered in all of the TG holes ex-
cept TG-17 (2.5 miles south of Susanville). TG-17 had a muoh lower temperature
gradient of 0.04°C/m, with a bottom hole temperature of 12°C. All of the TG
holes, except TG-=17 anu TG~2, penetrated interbedded volcanics and sediments.
TG~17 penetrated mostly granitic sediments; Té-2, drilledvuo 15 m; penetrated

alluvial fill.

During the period froﬁ 1977 to 19S0, thelwotor’ond fower Resources Service
drilled twelve exploratory holes (Suzy 1 throuoh Suzy 11, and Suzy 9A) ranging
in depth from 135 m to 640 m. Standard heat flow comilotions were used for
most of the holes. Heat flow couplotions in thls area consisted of drilling a

6-1/2 inch hole to the total depth (TD). A two-inch pipe (PVC or steel) was

emplaced in the hole, capped at the bottom and filled with water. The remaining




holes were completed for possible use as observation wells in future reservoir
tests. These holes were also drilled with a 6-1/2 inch diameter, and a 2=-inch
pipe with a screen and wellpoint was inétalled at the bottom of each one.

The holes were graVel packed several hundred feet above the bottom, and then
cemented to the top. One of the holes, Suzy 6, was completed witﬁ a 6-inch
blank casing to 32 me A 6-inch diameter slotted liner with gravel-pack to the
TD was inserted so that the well'could be used as a production, injection, or
observation well dﬁring tes£ing of the aquifers. Table 1 outlines detailed

information of the well completions, locations, depths, elevations and static

water levels.

During the drilling of each well, a geologic well log was compiled to
record porehole cutting descriptions and drilling operations as described by a
well site geologist. These weil logs are found in Appendix B and offer more
detailed descriptions of the information found in Table 1. Upon completion of
drilling, geophysical well logs were run to investigate the petrophysical
nature of the lithologic units penetrated by the wells. Examples of Lhe geo-

physical logs are presented in Appendix C.

Wells Suzy 2 and Suzy 3 were logged by a commercial well logging company.
In each well the following logs were recorded: self-potential (SP), resistiv-
ity, natural.gamma ray, caliper, neutron and density porosity, sonic velocity,
bulk density and temperature. Subseguent holes were logged by a government
logging service. The standard suite recorded in some of these holes was as
follows: SP, caliper, resistivity, neutron, gamma-gamma ray, natural gamma

ray, and temperature (SP, caliper and resistivity were not run in the cased



Table 1. WELL COMPLETION DATA
Total Cased Casing Open Static Water
well Location Elevation Depth  Depth Size Interval Level Comments
{m) {m) (m) (inches) {m) (m)
Suzy 1 N393,794 1273.4 271.0 266.0 2 61-90  (30.5)(2) 2,3  perforated 61-90 m
E2,375,183 Gravel pack 149-271 m
Well point 266=-271 m
Suzy 2 N394,304 1276.0 512.0 512.0 2 114-129 (15.2)(2) 5.8 perforated 114-129 m
E2,374,716
Suzy 3 N394,298 1289.0 636.0 636.0 2 73-104 (30.5)(2) 45,2
E2,372,571
suzy 4 N393,964 1279.0  234.0 232.0 4 232-234 (2)(2) 4.6 Well point 2"
E2,373,944 - Slotted liner 2.4 m
Suzy 5 N373,278 1271.0 225.0 222.6 2 85-106 (21)(2) 8.2 Well point 2.4 m
E2,376,886 Gravel pack 152-225m
suzy 6 N392,883 1273.0 190.0 189.0 6 32-190 (158)(2) Slotted liner 32-190 m
E2,375,452
Naef - 1288.0 127.0 114.0 8 (0-74)(1) - 14.0 Well drilled - 1930(3)
7 (74-114)(1)
Davis N393,113 1276.0 192.0 - - - 4.4 Well drilled - 1929(3)
E374,112
LLB #2 N392,029 1273.0 152.0 - - - 4.0 Well drilled - 1930(3)
E2,376,569
Swimming - 1295.0 335.0 - - - 8.5 Well drilled - 1930(3)
Pool
LDS Chuch - 1268.0 175.0 -— 12 (0=-71)(1) - 5.5
2 10 (71-127)(1)
. 8 (127-172)(1)
suzy 7 N392,359 1275.3 224.0 223.1 12 (10.7- 152
E2,374,642 well point) (1)
Suzy 8 N396,668 1276.8 160.9  159.4 2 (159.4)(1) none --  Bottom of pipe sealed &
E2,373,994 ’ filled with clear water
suzy 9 N396,276 1283.2 135.6 135.6 2 none - Bottom of pipe sealed &
filled with clear water
Suzy 9a N396,288 1283.2 249.3 249.3 2 none - Bottom of pipe sealed &
E2,372,122 ’ filled with clear water
Suzy 10 N406,625 1291.4 197.4 197.4 2 none - Bottom of pipe sealed &
E2,372,595 filled with clear water
suzy 11 N397,306 1305.8 243.2 243.0 2 none - Bottom of pipe sealed &
E2,371,270 filled with clear water

(1) cased interval in meters

(2) length of open interval in meters

(3)

completion data not available




holes). Temperature surveys have been run periodically in each hole since

completion.

In addition to the aforementioned wells, a private well, Naef, was cleaned
out for use as an observation and test well. A suite of geophysical well logs

was also run in the Naef well.

In 1978, four of the Suzy wells were perforated (Suzy 1, 2, 3, and 5) in
order to use them as observation wells in an interference test. Selection of
the perforation interval was based on the maximum measured temperatures and

estimated porosities as determined from the well logs obtained during drilling

and completion. Due to several complicating factors the perforation job was

considered to be successful only in Suzy 3.

Six wells had been drilled prior to this investigation: the Naef Well,
the Davis Well, the L.D.S.‘Church Well (the Church of Jesus Christ of Latter
Day Saints), Swimming Pool Well, Lassen Lumber and Box #2 Well, and the Wirth
Well. Some of these wells have been used intermittently since the 1920'5 for
space heating, industrial processing, and for heating a swimming pool. Because
these wells were drilled long ago, little detailed information on total depth
and well completion is available. The information obtained is summarized in

Figures 3 and 4, and Table 1.

Interpretation of Subsurface Logs

Two basalt beds were identified as marker units on the natural gamma ray
logs. Correlations between wells drilled in these two units inferred the

structural relat}onships of the lithologic units penetrated. One of the basalt
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beds is typiéally penetrated Qithin the fifst lQO feet of drilling. Thé second
bed is encountered bet&een‘300 and SOO;feé;.: fhe:basait beds éréuabsent or ill-
defined on the S&zy 3 natural gamma well 1;9; thé upper basait:bed is not evident
and there is a poorly-defined basalt’bedlbetweeﬁ‘140_and 230 feet. In Suzy 9,

9A, and 11, the upper basalt bed is present:but'the lower bed is'andesite rather

than basalt (Appendices B and C).

On the basis of the gamma ray log correlations, the Susanville geéthermal
prospect has been divided into five structural units (Figure 5). Cross sec-

tions have been constructed to illustrate the structural relationships between

A BMCkZ_\

[} 600 1200 feet
| rmre— c—

Fige 5. Division of the Susanville geothermal prospect
into five structural units. (XBL 806-7210)



1

the various units (Figures 6 and 7). Except as noted in the text, the Susan-
ville wells typically penetrate 10-15 feet of recent Holocene alluvial deposits,
20-70 feet of basalt, 300-400’feet of interbedded Lake Lahontan sediments and

Pleistocene basalt lenses, and 100+ feet of Plio-Pleistocene basalt.

To the west, Suzy 3 in Block 1 penetrates 140 feet of clays, sand and
gravels interbedded with thin basalt lenses, 90 feet of basalt with minor clay,
and 1800 feet of sand and clay with minor gravel beds. Block 2, east of
Block 1, is penetrated by wells Naef and Suzy 4 and is downfaulted by'approxi-
mately 140 feet, assuming tha£ the 90 foot thick basalt unit in Suzy 3 is the
same unit as the lower basalt in Naef and Suzy 4. Block 3, south of Block 2,
is downfaulted from Block 2 by at least 240 feet, based on offset of the lower
basalt section. ?he upper basalt units indicate an offset of approximately 60
feet and could be indicative of Holocene faultings Suzy 5, 6, and 7 penetrate
Block 3. Block 4 is offset from Block 3 by relative upfaulting of Block 4 by
approximately 180 feet and offset from Block 2 by downfaulting of Block 4 by
approximately 100 feet. Cumulative offset between blocks may vary because of

variations in basalt flow thicknesses, formation of uneven erosional surfaces

and minor intra=-block faulting.

Suzy 2 and Suzy 8 penetra£e Bloék 4. From observations of the logs from
these holes, it appears that the top of the lower basalt unit is offset by
less than 25 feet between these wells, and there does not appear to be any
offset of the bottom of the upper basalt unit. Such apparent offset of the
lower unit can be explained by phenoméha other than faulting; e.g., variations

in the thickness of the basalt flow, differential topographic and erosional
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patterns or jointing and erosion of the basalt. The lithologic units are in-

ferred to be generally undisturbed between Suzy 2 and Suzy 8.

A fifth structural unit, Block 5, has been inferred by the lithologic
change in the lower volcanic unit between Suzy 8 and Suzy 9 and 9A. The lower
basalt unit evident in Suzy 8 is replaced by a thick andesite unit in Suéy 9.
Based on this lithologic unconformity a fault or series of faults is inferred
to separate a northerly block containing wells Suzyr9, 9A and 11 from Block 4

to the east and Blocks 1 and 2 to the south.

"Petrologic Studies

The Water and Power Resources Service obtained core samples from several
of the wells. Several of the cores from the basaltic units had frapture planes
and vugs which were filled with hydrothermal mineral deposits. These deposits
were primarily composed of zeolitic minerals and carbonates. Numerous authors
have written articles3/4s5 on the temperature~depth relation associated with

the formation and deposition of the various zeolites. The fracture plane min-

eral deposits from well Suzy 9A were analyzed to determine what type of hydro-
thermal mineralization had taken place and specifically, what type of zeolites
were present. Correlation of zeolite speciés with different thermal regimes
provides valuable information about the thermal history of the resource. Three
distinct zones of mineralization were identifiedQ Eaéh of these indicates that
that the hydrothermal mineralization in this cdre took piaéé{in a temperature

range of approximately 70°C to 150°C.

A core from a depth of 684 feet in Suzy 9A was examined in detail. The

core matrix was determined to be a highly altered basalt or basaltic andesite.
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Drs. H. Williams and A. Pabst (University of California, Berkeley) examined
the core and concluded that it was andesitic. Thin section studies identified
highly altered pyroxenes and some similarly altered olivines and feldspars.

Some feldspars were relatively unaltered.

Flgure 8 shows a th1n sectlon of the fracture—coatlng hydrothermal

+

dep051t of the Suzy 9 core. In the figure, three distinct zones can be seen.
Thef are, from the outer surface ﬁo thevrock subsﬁrate. |
(a) A buff-grey, fiee-grained cryetalline layer aboﬁt i.s mm thiek;
(b) A translucent to white coarse grained crystallinezlayer with iarge
crystals, approximately 3.5 mm éhick.
(c) A fine-grained, white to gray-white layer about 1 mm thick ‘adjoining

the rock surfacee.

STILBITE
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"QUARTZ -
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CLAY? =
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" CLAY?

ILLITE?

2nd ZEOLITE?

XBB 800 11506

Fige 8. Thin section of the fracture coatlng hydrothermal de9051t
;under . crossed nichols. : AR S
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Petrographic examination and x-ray analyses indicated these deposits form
a fracture-filling zeolite sequence. The analyses indicate the presence of at
least two zeolites: stilbite and laumontite-leonhardite. Leonhardite is an
altered laumontite formed by dehydration. This may have taken place in the

core after recovery, because it was not sealed in wax and allowed to dry.

Kirstmannsdottir and Tomasson3 have identified temperature and depth
zones for zeolites deposited in Icelandic basalts. The temperature zones {in
order of increasing teméerature) are: a chabazite zone, a mesolite/scolecite
zone, a stilbite zone, and a laumontite 2zone. If the zeolite temperature
sequence is applied to layers A, B, and C the following depositional tempera-
ture sequence can be implied:

layer A 70 - 150°C

layer B 70° - 110°C

layer C 70 - 150°C

The thickness and coarse crystalline form of layer B suggest that the
producing solutions were probably present for a much longer period of time than

those solutions producing layers A or C.

i

The lower temperature rénge.showQ for 1ayé¥ B.ié based on tﬁe ratio of
stilbite to 1aumontiteé;eénpardite ig the‘sample- The lebnhardite is assumed
to exist from.drying of ‘the core aftér its ;emoVal from the core barrel. None
of the higher temperature ﬁineféls‘(w;ifékite, épidéte, etc.) were noted in
the sample. The thickness of the fracture plane (zeolite sequehce) is quite
large (5.5 mm). This suggests that warm solutions have.been moving through

the fracture plane for a considerable period of time.
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Fige 9. Temperature profiles from wells (A) Suzy 1 through 7; (B) Suzy 8

and 9, the Davis, Naef, LLB #2, and Swimming Pool wells; and
" (C) suzy 9A, 10, and 11 (XBL 8011-6422)
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Although there are uncertainties in the relationship between temperature,

. solution, and zeolite deposition, the sample indicates that this geothermal

: system has long been in existence.

Temperature Distribution of the Anomaly

Tewperature profiles obtained from the wells are shown in Figure 9.

examination of the temperature logs indicate several trends:

1. The temperature profiles are characteristically similar for wells within

each block outlined by the structural study (Figure 10).

Suzy 3 Suzy4  Suzy ! Suzy § ,
o} A - — A
e 50 —— —
£ N\ =" NN
g0 Tt 1 1)
60 50 40°C
o B Davis Suzy 4 . Suzy 8 g'
50 = ' , ‘ :
£ 100 B RS R
2 150 L E— 50
‘ S e L 80sg T

i Fige 10. Cross sections of the thermal anomaly. See Fig. 15
for lines A-A' and B-B'. S (XBL 796-7511)

-
. .. ; N S [N

2. In wells with temperature réversals,vthe-mAximum temperatures were

recorded in a zone immediately above or below ﬁhe contact between the Lahontan
Lake sediments and the lower basalt or andesite unit.

G.} 3. Temperatures are generally warmest in Blocks 2, 4, and 5.
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Maximum temperatures in the wells range from 35°C to 83°C. The hottest
weilsvareisﬁZy 9, 9a and 11. Unlike the wells in the southern portion of
Susanviilé,‘thesé threé wells Hé?e’ho ﬁemperatufé reveréals, ihdicating the
possibility of higher temperatures with depth. The productivity of wells in
this area is unknown, with the excegt;qnvof well 9A1 An air lift test in 93,

conducted by the Service,,yielﬁed results that will be released in another

reporte.

subsurface temperatures are contoured at tﬂreé subsurface elevations
(1250 m, 1200 m, and 1150 m) in Figure 11. As illustrated, at shallow depths
(elev. 1300 m; 50 m below average ground surface), the anomaly is centered
around the Davis and Naef‘wells. At greater depths the anomaly becomes asym-
metrically shaped aroun§ a po;ghwest trenéiﬁg;ax;s. \The aﬁomaly deepens to

v

the northwest.

The anomaly is sharply bounded to the west, indicating a hydrologic and/
or geologic discontinuity; e.g., a fault, or a fracture zone. To the east and
north, the thermal”anoﬁa;ybgradgally abates? while it is more abruptly bounded
to the south. hnalysés'gf cores'andvgeophysiéé%'éata suggest cQolér ground~
water from shéilow:sétﬁ?atéd stra£a‘may be;mixing’Wiﬁh geothermal fluids in
tﬁese areas. The asymmetrically shaped thermal anomaly and the noticeable
temperaturélfevé£sals ih thefééutﬁern portion of the fieid suggést‘that heated
fluids are upwelling along a northwest trending fault (or at the intersection
of séﬁerai faﬁlfs);v They ére then dispeféed‘into’the ieéervoir,‘flowing
»throuéh the most permeéble>st£ata- invthé southern portion of the;éhbmaly,

the basalt-agylomerate interface appearé to be the most péfmeabie.

a6
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Fige 11. Subsurface temperature contours: (A) at 1250 m elevation; (B) at

(XBL 3011-6423)
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RESERVOIR TESTING

Well testing in geo;hermal reservoirs is used to determine the re%g;voir
parameters WHigﬁ govérn the flow of fluids throughttheffgservoir. _Factors
which affect flﬁié flow are‘reservoir permeabili£§;ﬁk,régfosity, ¢, fluid vis=-
cosity, u, and prodﬁctiqn zone geometry. Two types of well testé can be used
to determine the_résgrvoirféaraméters. Production (injection),tésts areiéh&se
tests in which the transient’dQWAhole pressure is measured in.the.flowiﬁg‘well.
This type ofytestvislparﬁicﬁlafly useful for determipinglgﬁgrbonaitiqnjqf a
well and obtaining valﬁ;s'Bf’the reservoir transmigsiviﬁf;fkﬁzu;'apd.sﬁérativ_
ity, ¢cH (wherécﬁ is reéé;Qoir thickness and ¢ régervoir éoﬁbfé?Sibili£y) in
the vicinity ofrthe prodqung:we11. An interference-tést isxgneiin;whiéh the
pressurevresponée at a well sé&endistance from the production well is monitored.
From this data we can obtain information about reservoir geometry (boundaries)

and formation heterogeneity, as well as kH/u and ¢cH. The data also offers

information on the hydrologic continuity of the reservoir.

susanville Well Tests

From December 10, 1978, to January 8, 1979, the reservoir engineering
group at Lawrence Berkeley Laboratory conducted a weii test in Susanville.
Eight observation wells and one productiéquell‘wefe monitored. The well test
consisted of four segments. The;first segment involved the measuring of back-
ground data prior to pumpingﬁﬁhé,Davié weli; Ho&ever, due t§ the extremely
cold weather, the L.D.S. Church Qeli waé being produced for space heating at
the time. To avoid or minimize\any traﬁsiénts associated with the Church well

flow, the rate was held constant at approximately 90 gpm throughout both the
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background data collection period and the subsequent pumping of the Davis well.
The second segment of the test consisted of pumping the Davis well at a rate
of 250 gpm for a period of 9 days. The well was then shut in and the pressure
build-up was observed. Several days after the Davis well was shut in, the
Church well was shut in for twelve hours, then pumped again for several days;
shut in for twelve hours, and then pumped continuously for the duration of the
test. During the last segment of the test the Roosevelt swimming pool well

was pumped at a rate of 275 gpm for three days and then shut in.

The producing wells were flowed using existing (installed) pumps. Because
the L.D+.S. Church well had no flow measurement device, a five-gallon bucket and
stop watch were used for estimating the mass flow rate. The elapsed time to
fill the five-gallon bucket varied between 2.9 and 3.4 sec (110;90 gpm) with
+10% accuracy on the time measurements. These measurements yielded maximum
and minimum flow rates of 120 to 80 gpme A 90 gpm flow rate was assumed for

analysis.

The Swimming Pool well also had no flow measurement device, so flow rates
were obtained from Reno Pump and Supply Company in Reno, Nevada. This company
designed and installed a pump in 1975. At the time the pump was set the well
was reportedly produced at 300 gpm with 75 feet of measured drawdown. This
drawdoﬁn is inconsistent with méésuféd%@rawgdwhé associated with the Davis and
Church wells. The Swimming Pool well is estimated to be 1100 feet deep, and
possibly produces from diffeféht'zonéélsincé it is located in a different geo-

logical sequence than other wells in the area. A flow rate of 275 gpm, esti-

mated without benefit of a flow measurement device, was used in the analysis.
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. Pressure data were recorded at eight observation wells and one production
well (Davis well). The pressure data obtained from five of the wells are
shown in Figures 12 through 16. Due tb the small diameter of the casing (2"),
pressure data in all but three of the observation wells were obtained by lower-
ing a nitrogen=-filled capillary tube into the wells. At the surface tﬁe tubing
was connected to a wellhead pressure transducer. Downhole pressure trahéducers
were used in the Suzy 4 and Lassen Lumber and Box wells (Paroscientific and
Hewlett-Packard, respectively). The Naef well was instrumented for background
data by the Service in July, 1978, with a continuously recording water level
device. Pressure data obtained by the methods described above, especially
those instrumented with nitrogenffilled tubing, are strongly affected (+0.5 psi)
by atmospheric temperature and pressure changes. Table 2 summarizes the instru-

mentation used for the well testing.

26.0
24.0 :
Pressure doto obtoined f\ -
a 2.0 using nitrogen filled .
E 22.0 capiliary tube to 35 fi. !
- 21.0
&
« 20.0
«n
o 19.0
2
18.0 S—. ~
4 17.0 ) -
z .
z 16.0 -
a
e 15.0
Swimming pool
400. flow rate
~ 275 gpm
300. /Davis well flow rate ~ 250 gpm
£
a
o
; 200. Church well
= flow rate Church well flow rate ~ 90 gpm
a
E 100.
-
'Y

012, 1,78 12-11.78 12-21778 12-31/78 1/10/79

Fig. 12. Davis well pressure and flow rate data. (XBL 795-7439)
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Fig. 13. Suzy 4 interference test data. (XBL 795-7436)
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14. Lassen Lumber and Box #2 interference test data. (XBL 795-7438)
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Fig. 16. Naeﬁ well interference test data (XBL 795-7441)
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Table 2. INSTRUMENTATION

Test Measurement
well Classification Parameter Instrumentation Resolution
Naef observation water level Leupold-Stevens Type A 0.1 ft
water level recorder
owned by Burec
Comments: Clear evidence of communication between Davis well, Church well,

and the Swimming Pool well.

Accuracy of data uncertain between 12/16/78 and

12/20/79 due to sticking of water level recorder.

Davis

Comments:

production- pressure
observation
wellhead
temperature
flow

After 12/19/79 probable nitrogen

sequent pressure change. Clear evidence of

40 ft of tubing in 0.01 psi
pipe-pump annulus,

connected to Paro-

scientific pressure

transducer

platinum RTD 0. 19F

orifice and pitot tube 20%
leak in tubing which caused sub-
communication with the Church well.

Lbs production flow flow measured using 20%
Church : container and stop-
watch
LLB #2 observation pressure Hewlett-Packard pres- 0.01 psi
sure probe and
temperature Gearhart-Owen
temperature tool 0. 1°F
set at 425 ft
Suzy 1 observation pressure 50 ft tubing connected 0.01 psi
to Paroscientific
pressure transducer
Couments: The perforation job was not successful. No pressure change due to
Suzy 3 observation pressure 250 ft tubing and 0.01 psi
’ chamber connected to-
Paroscientific pressure
transducer ' :
Suzy 4 observation pressure down-hole Paroscien- 0.01 psi
tific transducer set
at 500 ft B
suzy 5 observation ‘ pressure 200 ft tubing and 0.01 psi

Conunents:

Did not respond to the reservoir

perforation jobe-

chamber connected to
Paroscientific pres-

sure transducer

pressure due to unsuccessful

Roosevelt production . flow

Swimming
Pool

private communication 20%
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The magnitude of drawdowns at the observation wells in this test ranged
from 0.3 m to 1.5 m (0.4 to 2.5 psi). Rgadings,from the wells instrumented
with nitrogen-filled tubing (Sﬁzy 1, Suzy 2, Suzy 3 and Suzy;S)Lwére strgngly
affected by daily temperature .and atmospheric pressure changes. The background
noise obscured both the initial pressure and the drawdown c#used»by the produc-

tion well(s), and rendered the data'unsuitable for analysis.

The data obﬁained fromASuzf 4 and the Lassen Lumber and Box well had
drawdowns of 2.0 psi and 0.5 psi, respectively. Both of these wells show two
peculiar features as compared to other wells (see Figures 13 and 14). They
both showed a.gradual préssure decease seyefal dazs prior to fhe time the Davis
well was turned on; and they both began to build up several days prior to the
time the Davis well was shut in. Because the reason for this behavior is not

known, the data from these wells were not suitable for a complete analysis.

-Since both the Lassen Lumber and Box and Suzy 4 wells experienced draw-
down due to the Davis well production, it can be inferred that the pressure is
affected by>the Davis well production and by an external éoupce; e.g., atmos-
pheric pressure, ambient temperature, or an influx of fluidsito the reservoir

from some unknown source(s).

Well Test Data Analysis

Pressure data obtained from an observation well which is affected by the
production of more than one well or by variable flow rates requires computer-
assisted analysis methods. A nonlinear least squares computer matching program

was used to analyze observation data from the Naef well.4 The program employs
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the line source solution (Theis) which calculates pressure drawdowns assuming
an isotropic, isothermal, homogeneous porous medium of constant thickness.

The production well is modeled as a line source which fully penetrates the
reservoir. The prograﬁ can be used to search for vertical reservoir boundaries
(impermeable or constant potential). Vertical boundaries are hodeled using the
method of images. These assumptions (isothermal, homogeneous, etc.) are far
too simple to accurately model the Susanville reservoirf however, the program
was employed for a preliminary analysis. Over short periods of time the reser-
voir behaves, in some average sense, as though the above assumptions are reas-
onable. Because of the lack of data on production zones, well completions and
lithology in the older wells, a detailed model of the reservoir is not avail-
able. The application of analytic solutions that assume a more complex reser-
voir system is impractical. These same considerations require care in applying

numerical simulators.

The Service obtained several months of background data at the Naef well
prior to the well test. These data are shown in Figure 17. There are daily
fluctuat;ons of + 0.1 ft superimposed on fluctuations of larger magnitude
throughout the summer months. Particularly curious is the water level build-up
that occurred over a period of several weeks in the early fall. At present the

cause is unknown, although several possible explanations exist.

The sharp peaks and valleys in the data starting at the beginning of
September are assumed to be caused by production at the L.D.S. Church well.
An expanded section of this data is shown in Figure 18. The figure shows

three build-ups and drawdowns corresponding to the Church well being shut in
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for several hours and then pumped again. BAnalysis of this data returned a
transmissivity value of 3.6 x 106 md-ft/cp (2.8 x 104 gal/day/foot) and a
storativity value of 2.3 x 104 ft/psi. The best match of the data obtained
indicated the pressure response was influenced by an impermeable vertical
reservoir boundary. The bestrmatch obtained between calculated and observed

pressures is shown in Figure 19.

1.0 T T T 1

0.9} & Observed -

0.8} o Caiculated ~
T o07f KkH/p=36X108 md-ft/cp a4
< o6l ®cH =2.3X107*ft/psi a &8 % o
5 7 Distance fo an image well ~ 5000 f I’ 8 °
@ 0.5 N 6 1
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Q 03} g 8 8 =
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02 ° 8‘ —
o1t & » ' -
8
o Le | L1 | !
0 0.05 0.10 0.15 0.20 0.25
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Fig. 19. Match of calculated and observed values for pre-test drawdown at Naef
due to production of the Church well. : (XBL 796-7508)

Pressure data in the Davis well were obtained for the duration of the test.

D A

However, due to iﬂstrumehtation'prébléﬁs,xbnly data from the drawdown (12/10/78

to 12/19/78) are cohsidered reliable. These data were analyzed by the Miller-
Dyes~Hutchinson (séﬁi*log)fteéﬁﬁiqdews=ﬂTHe"data'are’shOWnﬁﬁlotted oh semi-log

paper in Figure 20. After the first several hundred minutes the data fall on

RS T ) ..

a single straight line indicating that no boundary is influencing the pressure
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response. The calculated transmissivity is 7.3 x_105 md-ft/cp (3.4 x 103 gal/
day/foot). This number is substantially lower than those obtained from the
analysis of the interference data. Since the producing strata of the resource
and the thickness of.the producing interval(s) in this well are unknown, it is
difficqlt_to ascertain the meaning.of the discrepancy. However, the low trans-
missivity indicates that the effective reservoir thickness sampled by the pro-
duction well is less than that sampled by the observation wells. The value
obtained for the transmissivity from this test is in close agreement with the

value obtained from a similar test performed by the Bureau of Reclamation in

1976.5
23 T T T T
m=21.1-19.2 =1.9 psi/log cycle
Q=250 gpm
22~ (kH/p)=7.3 X10% md-ft 7¢p ]
[ * .
—_ 21 -
B
a
et
@
a
191 =
18- -
17 1 | 1 1
r 10 100 . 1000 10000
Time (min)
Fig. 20. Semilog plot of Davis well drawdown versus time. - (XBL .796-7507)

A plot of wellhead temperature versus time dutihg production of the Davis

well is shown in Figure 21. Temperatures decline‘from an initial value of 66°C

G
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Fig. 21. Davis wellhead temperature. (XBL 795=7494)

to 59°C over several days of production. The discharge temperature appeared
to stabilize at 59°C. The production temperatures may indicate the influx of
cold water to the well (during production). The static temperature profile,
shown in Figure 9, shows teﬁperétures greater than 60°C. Flowing temperature
and spinner surveys could provide information about how and where this temper-

ature degradation is taking place.

The interferénce AAta fré@‘the Naef well were first.analﬁzed using the
production data from all three producing wells (the Church well, the Davis well
and the Roosevelt Swimming Pool well). This analysis revealed that an accept-
able match of the pressure data could not be obtained with one set of reservoir

parameters (kH/u, ¢cH, geometry). For this reason, the data were analyzed in
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two parts. The drawdown at the Waef well caused by the Davis well was ana-
lyzed assuming that the production of the Church well had no pressure tran-
sients associated with it during the Davis well production. BAnalysis yields
values for kH/p of 2.3 x 106 md-ft/cp (1.8 x 104 gal/day/foot) and values for
pch of 7.2 x 10-4 ft/psi. Figure 22 shows the best match obtained hetween the
observed and calculated reséonse. The best match of obsérved and calculated
values indicates that the pfessure response was influenced by an imvermeable
boundary. The low storativity values obtainedAmayvbe an indica£ion that secon-

dary (fracture) permeability is controlling the fluid flow in these wells.
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Fige. 22, Match of calculated and observed values for the
drawdown of the Naef well due to production of
the Davis well. (XBL 796-7507)

The drawdown at the Naef well caused by the Swimming Pool well was ana-

lyzed assuming that the pressure transients caused by the Davis and Church

P
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weils were ﬁegligible compafed to thecdrawdown caused by the Pool well. Anal-
ysis of drawdowns caused by the Swimming Pool well are complicated by several
factors. The swimming pool well is thought to be 1100 feet deep. If the entire
wellbore lengtﬁ or.the lower zones are producing fluids, complications such as
pértial penetratioﬂ and/or a muitilayered system will affect the results of the
analysis. If the lithology, open interval, and producing zones were known we
could account for these in the analysis; however, this information is not avail-
able. Using standard techniques, a transmissivity value of 3.4 x 108 md-ft/cp
(2.73 x 104 gal/day/foot) and a storativity of 4 x 1073 ft/psi were obtained.
The value of storativity obtained was substantially larger than that obtained
from the analysis of drawdowns at the Naef well due to the production of Davis
and Church wells. The physical meaning of this difference is difficult to infer
due to the complications mentioned above. The best match obtained for the cal-

culated and observed data is shown in Figure 23.
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at the Naef well while pumping the Swimming Pool well.
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The ultimate. goal of any well test is pplextract the reservoir pe?peabil-
ity k, thickness, H, porosity, ¢, andvproduction zone geometry from the lumped
parameters transmissivity (k#/u) and'storativ;ty {pcH). Table 3 presents a
summary pf the values obtained from the well tests and possible indications of
reservoir boundaries. Interpretation of the reservoir parameters obtained is
complicated by several factors. First, no stabilized shutin pressure was ob-
tained prior to production of the Church Well. Secondly, flow rates weré low,
resulting in small drawdowns that were subject both to the sensitity of the
instrumentation and to pressure transienﬁs caused by ambient temperature,

atmospheric pressure, and precipitation. Interpretation of the analysis is

Table 3. ~Summary of well test values and indications of reservoir boundaries.

Indication of

Observation Pumped | Reservoir
Well Well KH/u ¢ch ~. Boundaries
Naef Church 3.6 x 1O6 E%;ﬁE 2.3 x 10-4ft/psi Barrier Boundary
i(2.8 X 164 gal/day/ft)
Naef bavis 2.3 x 106 E%;fE ' 7.2 x 10-4ft/psi Barrier Boundary
(1.8 x 104 gal/day/ft)
Naef Swimming 3.4 x qu mg;ft 3.9 x 10'2ft/psi , None
POl (5 7 » 10% gal/day/ft) |
bavis Dayis | 7.3 x 165 E%éEE Not obtainéd Nohe

(3.4 x 103gal/day/ft),
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ambiguous due to the lack of available data on the open intervals, well com-
pletions, well depths and well lithology of the older wells monitored in the
area. Furthermore, we are not.dertain which of the reservoir strata are the
producing zones. Average results, however, are still useful for an overall

(average) estimation of resource producibility.

Pressure data indicate hydraulic continuity befwéen'all of ﬁhe observa-
tion wells and production wells. Preliminary énalysié indicates‘that the
reservoir has a permeability on the order of<éevérélnaércieé. Pofoéity values
extracted from the reserQSir éﬁérativity, ¢cH, (Qhere ¢Ais pbfosity),kare ambi-
guous ; howéver, iow storati&ity;values obtéined indicaﬁé sécéndary perméability
(fracture permeability) may be playing a major role in fidid movement throﬁgh-

out this section of the reservoir.
INTERPRETATION

Information obtainéd'from the wellltésts{ drilling lbgévand geophysical

surveys suggest a fault related reservoir of high'befmeaaility, shallow depth,

G

; B , SRRV A M N L
limited thickness and limited lateral extent. The hydrothermal anomaly may be

found to be more extensive and deeper toward\thelhortﬁﬁeét} Surface geology

indicates extensive block féﬁlting in the area. Wéiimtesting, on the other
hand, has not conclﬁsi@éiyﬁiocéféavény'imbéimé&blé”orkconstént”boféhfiai bbunf

N N7 I N W peie
LT N & ‘

daries. However, there are indications that pressure behavior may be influ-

o 5 TR I
L

enced by impermeable reservoir boundaries and lateral discontinuities. Some

.

of the pressure dafa'Béhébé as ﬁhéﬁgﬁ the tésédeirvis afféctéd by external

sources, indicating that it may be unconfined in certain areas.
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Temperature pfofiles from wells in the southern portion of the anomaly
display a marked temperature reversal at relatively shallow depths. The model-
ing of these temperature profiles requires-a substantial horizontal regional
flow of heated fluide'through the most permeable strata‘and a reservoir with
very small vertical permeabilities. 'The high values of lateral permeability
(fracture permeabi;ity?) obtained from well testing fn the reservoir and the
knonn lithology of cores from some of_the weils indicate that relative;y low
vertical permeabilities are possible in certain layers. Temperature profiles
from holes in the northern po;tion Qf tne resource display no tempefature
reversa;f Furthef.drilling‘to'greater depth is requirea to find the "bottom"

of the thermal anomaly.
CONCLUSIONS

The occurrence of the Susanville geothermal anomaly appears to be related
to a northwest:trendingvfault. Temperature contours and temperature»profiles
suggest that heatea flulds upwell along the fault and are tnen dlspefsed into
the highly permeable agglomerate-basalt interface and/or permeable zones with-
in the fractured volcanic sequence. lAreal.conf;nement of the shallow thermal
anoma;y_has been established for thtee eides of the resource (west, east and
south). The northﬁestern boundarf of the tnermai anomaly has not been com=
pletely defined. In the southern portion the thermalAanomaly as vertically
.,confined at or near the agglomerateebasalt interface as 1nd1cated by a temper-
ature reversai. No temperature reversal.oecnrsAln the temperature-graQient

holes in the northern part of the anomaly. However, temperatures at depths

“below 300 m are not known. The maximum temperature measured, 84°C, was in
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well Suzy 9A. Petrologic studies of a fracture coating from well Suzy 9 indi-
cate fluids of temperatures betwen 70°C and 150°C have been flowing through the
fracture system for some time. This temperature range agrees with the temper-

ature regimes indicated from water samples.e‘t

Analyses of‘interference and production tést data from the southern por-
tion of the anomaly givé‘hiéh permeabiliﬁy values. Storativity values are low,
suggesting a low porosity 6fxthe pfoduéiﬂgvstrata..'This information is consis-
tent with geologic data indicating ; fracture-dominéted hydrologic system.
Wells in the northern portion of the resource :-have noﬁtbeen sufficiently tested
at this time to make estimates of the productivity of these higher-temperature

fluids.
RECOMMENDATIONS

Successful development of the Susanville geothérmal'resource will depend
heavily on obtaining fluid of sufficient heat content and volume, while main-
taining the elevated fluid temperatures throughoututhe lifetime of the resource.
Preliminary indications-from.drilling,;temperature gradients, temperature con-
tours and pumping tests indicate-that the‘deyélopment gf the system must be
carefully engineered to:prevent thérméi,degﬁédﬁiioﬁ Qﬁ:the,fesqurce and to

optimize usage of the "hot" fluid.

Prior to large. scale developmentr:a?moré-complete knowledge and understand-

ing of the resource must be obtained. . Those strata which constitute the "hot"

z

producing zones must be identified so wells can be completed in such a way as

to avoid the influx of cold water. The existence (or lack) of confining strata




it
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must be established.’ylt:must“be known .whether long term production will cause
migration of cooler fluids throigh and from the ‘confining .strata into the pro-
ducing ‘aquifer. If the “hot" fluidrformgtionlis of limited lateral -extent, it
must be established when colder flﬁidsnwill,flow into the 'hotter areas .due to
the pressure decline in the area of the producing well(s). Regional flow pat-
terhs must be established £§ ascgrtaiﬁ Qpﬁiﬁal‘loéatiéné for produétion‘and
injection weils (if»reiﬁjecti;n is cﬁoseglggbtgg fiuid disp;sai m;th;d). Wéll
testing and perhaps éri;ling in’the northe#n’pértiqﬁof %gé ;esqgrcehy;;iwﬁe. i

required to determine the productivity and size of that portion of the resource.

Long-term production tests’(up to 1 month) at maximumhflow“raﬁesJshould
be conducted. The monitoring of pressures and temperatures in a number of.
suitable observation wells and in ;hg producing well would be necessary. A
high flow rate would insure drawdowﬁs ogvs;ffiéient magnitude to establish
reservoir geometry, leakage, and heterogeneity. By monitoring temperatures
at the observation wells, the movement of colder (or hotter) fluids into the
production region could be détected. If both spinner and flowing temperature
surveys were conducted in the: production wells, the "hot" producing layers and
presence of a cold watér influx:could be established. By correlation of these

data with geophysical logs and ‘lithologic logs a more coherent model of the-

reservoir can be obtained. ’ T

Calculations for an estimation of resource life in ‘terms of temperature
and pressure decline have not béen performed. The resource has not been.com-
pletély identified. Total depth-of the resource, maximum fluid temperature

and reservoir size have not been- establighed for the northwestern portion of ‘;
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the resource. Until these facts are known, a completely confident estimate of
the total resource producibility is not possible.

b
"

The results of further reservoir testing in this area, combined with pre-
vious test data, should yield estimates of the resource size and producibility.
The combination of all the availéblé data will yield a more complete descrip-
tion of the resource. This information will define the depths that subsequent
wells will penetrate, temperatﬁre estimates at depth,‘drilling problems and

sites for reinjection wells.
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APPENDIX A

TABLE OF SYMBOLS AND UNITS

Symbol Definition

c total compressibility = ¢Cw + (1-¢) Cr

H reservoir thickness

k permeability

K keg

U
H fluid viscosity
¢ porosity
Units

symbol definition petroleum groundwater
kH/u transmissivity md-ft/cp gallon/day/fo.t

Note: To convert md-ft/cp to gallons/day/foot for 70°C wate::

= kH/u x 8.036 x 10-3

KH(gallons/day/foot) (md~ft/cp)
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Susanville Anomaly-— Susanville Geothermal
PEATURE. ... .. Lasgen. County.... . PROJECT. ... . Investigatians .. . STATE .. California... .
LOCATION See NOtes . GROUND ELEVATION . ... ANGLE FROM

HOLE NO. SUZY-1l .. coORDINATES N.393,794; E.2.375,183 . . TOTAL DEPTH.. 890,07 . VERTICAL Vertical

BEGUN .. 7-18-78  PINISHED. 8-23-78 _ Gary A, Hollinger
| _DEPTH TO WATER 11.0', --24-78_ HOLE LOGGED BY..&. .Robert L. Turner DRILLER .N.Tuggle: W.Skaggs
NOTES e > . FIELD VISUAL

On water table Sizelhe & £ CLASSIFICATION AND
levels, water re- |° ™3 m PHYSICAL CONDITION
turn, character of J 9 a
driili ing Holg =
Purpose of Hole: b DAILY SUMMARY OF DRILLING OPERATIONS INOTE: Log based on rockbit cuttings
(1).Temperature 1 7-18-78: Move Failing 1500 to site b and limited core,
gradient; (2)geoy ;- and rig up. One shift/day. | - 0-4.01:
physical proper-|7/"] ol -~ ] MODERN FILL.
ties; (3) geologt 27} 7-19-78: Conmplete rigging up, Drill i1 Fine to coarse, predominantly
ic evaluation, 50— to 13* with 6%" rockbit and|™] angular sand with clay, silt

small portable mud pit. 1 and charcoal., On edge of old
Landowner: ] |7-20-78: Drill to 23'. Down 1) hours| J lumber mill pond.
dugéac.sngggviiz; p to mix new mud twice. P 4.0-8.00:
H - - - . i [ ~ o U, H
ca, " To2LeTs SZZiéngo gga;eiezgisnéogrob- ] RECENT ALLUVIAL DEPOSITS.
100— lems, i0e] Sandy SIIt and Clay. Brown, fine-
Location: 1 7-24-78: Drill to 56°'. Down 1l hours| 1 grained.
NEX Nwy Sec, 5 p for mud pump repair and mix¢ ] 8.0-500t(2)*
T. 2° N., R.12 E 7 ing mud. Serious gravel cav+s ] PLEISTOCENE BASALT AND LAHONTAN
1 ing problems, : (NEAR SHORE) LAKE DEPOSITS
Rr_i_l_lf_i‘iﬂ 1 |7-25-78: Drill to 73*. Down 1% hours| J]s-33'7 Basalt. Broken flow and/or
Failing 1500 150 for mud conditioning. 1561 cobbles and boulders, gray to
g 7-26-78: Drill to 80*', Down 1 hour ] black, hard, occa51ona1 thin
Drilling Methods 3 due to water pump failure o ] smooth drllling zones less than
[ Rockbit drilled n drawworks engine, Caving 1 6" thick.
sing bentonite ] problems, }33-35¢: sandy Clay. Reddish brown,
ud and additives 1 7-27-78: Drill to 83*, Down 6 hours ] fine—g_T-Ya_—zra ned,
8 required. Two 200 .to replace water pump and [P®-35_.40': Sandy Clay with Gravel.Vold
ud pits used, 1 clean mud pump. 1 canic fragments probably from gra-

0-60': 13-3/4" | 7 7-28-78: No drilling. Rigged up for ] vel: smooth layers less than 4"
ockbit for per- |47 "] deep drilling. Dug two mud -1 thick.
anent installa- | og ] pits about 10'x5'x8', Mix 440-46': Gravel and Sandy Clay. Grao

tion of 10" sur-~ 1 3000 gal of mud, Secure for 1 vel is fine to coarse, mostly sub-
ace casing, 250— weekend, £%1  rounded, dark, volcanic; minor

60-890': 6% ] 7-31-78: Rean hole to 24' with 13-3/4" | 1light colors; caves; contains war
ockbit, 1 rockbit, 1 water.

At 333': 4"x3! 4 |8- 1-78: Ream hole to 35' using two | 446-56¢: Sandy Clay. Reddish brown,
aystellite core : shifts per day, Down 4% hrs| ] mostly fine STtk meaium grains, o
un; recovered 3¢, to repair kelly swivel and ] casional gravel.

At 43201 4"x5! | 300 break-out table, o56-63':_Gravel & Clay. Pine, hard t
iamond core run. : 8- 2-78: Ream hole to 60', Caving {1 slightly weathered, dark volcanic
ore lost from ] problems. Installed 60' of 1 gravel in clay matrix; minor coar
arrel on up-hole 10" steel casing with 1l 1 grains, Some thin sandy clay zone

trip. y T, stickup, Cemented in with 2§ ] especially at 58-59'. Red-brown

At 462': 4"x5!' ] sacks. 1 with fine volcanic sand.
aystellite core |350 8- 3-78: Drilled to 140' with 6" 163-70': Sand and Gravel with Clay.

run; recovered 34. rockbit, Down 3% hours to r”i Mostly highly weathered, fine to
. o] build decking and mix mud. ] coarse, subangular sand and hard,
IDrilling Condi- dxﬁ— 8- 4-78: No drilling. Condition hole| -1 fine gravel. Gravel is dark in
tlons: K5 3 and mud for weekend, ] color to black volcanic. Occasiond
0-87: Fast & smogth | Olg_ 7.7g: Drilled to 1437, Down 12k ] al gravel-free bed #6" thick. Gra-
8-35': Hard & 00— hours to repair mud rump ko] yel: highly weathered below 68°.
alow, ] and kelly chuck, 370-757: sand, Fine to medium, high-
35-41': Hedium ] 8-'8-78: Drilled to 203'. Down 2 hrs| ] 1y compacted, scattered coarse
amooth, = to mix mud and repair mud ] sand and gravel:; dark volcanic,
41-46': Hard and 3 pump and kelly chuck. ] predominantly subangular, minor
slow., . ] 8~ 9-78: Drilled to 262', Down 2} hr8 1 clay and silt, Occasional rough
46-56': Caving. |50 0 to repair carburetor and - F%®-{ gravel zone less than 6" thick.
56-65': Fast and [64,q) ° | replace cable. ] Gradational contact with 63-70¢
smooth. . [#%440]g_10-78: Drilled to 333', Dowvn 9% hr$ 1 zone.
65-73': Medium | 0] " for mud pump repair, 475-86: Basalt. Generally massive, l_

amOO'fh R81 5|B8-<11-78: Drilled to 336', Down 9% hr4 ] bplack, angular fragments; very mi

72;26r;ug%ow hard E ,;gﬁ;gpair mgglguggnaggrcleau 1 or blue clay,
EXPLANAT |0N * Contact between the Pleistocene and
Pliocene lake deposits cannot be deterd
mined from cuttings. The contact was
estimated from geophysical logs and
existing data.
. Sheet 1 of 3
FEATURE: Susanville Anomaly--Lassen County PROJECT: Susanville Geotnermal Mole No. SUZY-1 .

Investigations
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Susanville Anowmaly--. Susanville Geothermal K .
PEATURE. . ... Lassen County. . ~ PROJECT. ... .Investigations ... ... . STATE...California
LOCATION . See Natea s GROUND ELEVATION 417 . ANGLE FROM
HOLE "°°--SU--Z-\"‘<1v . COORDINATES. N.393,794s E.2,375,183. .. . TOTAL DEPTH. 890.0' .. VERTICAL..Vertical.
BEGUN_ 7-18-78 . PINISHED. . . 8=23-78 Gary A. Hollinger '
DEPTH TO WATER .11.0!, T.O. c., 8-24-78 HOLE LOGGED BY..& Robert L, Turner DRILLER.. N.Tuggle;Ww.Skaggs
NOTES Type : FIELD VISUAL
On water table ;'i‘:e EW & CLASSIFICATION AND
levels, water re- |° 9™ u PHYSICAL CONDITION
turn charac:er of o
drilling Holg o 4 ‘

[brilling Condi- ] DAILY SUMMARY OF DRILLING OPERATIONS3 +186-926': Sandy Clay. Blue-gray, soft,
tions icont.5: 4 8-11-78: (Cont) Secure for weekend. lo6-104': Sand, Fine to coarse, pre-

86-1041': Fast and 3 8-.14~78: Drilled to 432!, Down. 5 hrs ] dominantly medium, subrounded.
smooth, K to repair break-out table, J104-140+: Basalt with Sand and Clay.

104-140': Mediuﬁ ] chuck and swivel. { Weathered volcanic gravel and cob-
smooth, 5561 8-15-78: Drilled to 462', Down 9 hrs ;] bles with sand and clay in alter-

140~-176*: Slow, 3 due to mud pump failure. 1 nating layers: clay soft and
smooth to rough, 3 Made core run at 432' but { squeezing., . .

176-203': Fast 64" - lost core. ... .. J140-157t: Sand. Predominantly
and smooth. R8 1 8-16-78: Drill to 5151, Made 5' cors 1 coarse, subangular, dark, volcanic

203-252': Inter- R run at 462°', 4{ and fine gravel: minor light-~
mittent, slow anfg ] 8-17-78: Drilled to 600'; down 1 hr |46] colored grains. Gradational con-
smooth to slow b due to pulley and radiator 1 tact from 104-140*' zone,
and rough, 3 i damage., {157-165': Sandy Clay. Blue-gray;

252262 Smooth 4 8-18-78: Hole logged by USGS. Down ] brown below 163'. Predominantly
and fast. . 7% hrs for repairs, Secure 1 medium

262-3221: Inter- ] for weekend. 1 ..
mittent, slow 6561 8-21-78: Drill to 615', Down 7% hrs |s]165-176': Sand and Gravel, Fine to
and smooth to h for mud pump repair, 1 coarse, subangular to subrounded
slow and rough, h 3-22-78: Drill to 720': down % hr to { sand and fine gravel, Multicolor-

322-336': Hard ang 3 repair sand line, - J ed, mostly dark weathered volcanic
8low. { +/8-23-78: Drill to total depth of 8901; { Minor light colors.- Common quartz

336-352': Medium ] extent of drill rods.’ 41 in thin intervals with occasional
speed, medium 706 8-24-78: Install and gravel pack 2" 7206 decomposed granite; minor gray
rough. 310 ~ pipe with well point. Repaiy 1 brown clay,

352-357: Fast and X “ mud circulation line. J176-500': Pebble Conglpmerate. Mul -
smooth, J 8-25-78: Finish cementing in pipe. 1 ticolored, fine to coarse gravel

357-432*: Medium b Test hole completed, 1] from many sources, predominantly
speed, smooth. 3 } | wvolcanic, minor granitic, occasion{

432-462': Past gso] | |1077778: BOTTOM PORTION OF HOLE GEOPHYSICALL .1 al cobbles, mostly subrounded to -
and smooth. B LDGGEDWITH"THNIEH(JSING“ ME- 1 rounded, minor subangular, often

462-465: Hard, Lo THODS BY USGS: ] weathered, Matrix is moderate to
slow and amooth.éd,; ] well-cemented sandy clay; light-

[465-500': Slow, R8 i gray to gray brown and pinkish:
medium speed and] ] ] predominantly fine-grained, appea
medium rough. 8061 s06] altered or with a high petcentagerr

500-~512': Very R 41 of ash and silt,

slow and fairly ] ] Cuttings recovered mostly as
smooth, 1 1 sandy clay -and volcanic fragments.

512-550°: Slow, 4 { Drill action indicates weak bed-
smooth to very o ] ding. Minor fluctuations in color;
rough. 5501 gseq and clay content throughout total

550-599': Hard, E "4 1interval, Clay content highest in|
slow, rough; oc- ] ] 285-2%0', 305-322' and 352-357'
casional very ] 1 zones.

e ey |1 | - 300(2)-890:
hard and very i ] PLIOCENE LAKE -DEPOSITS AND
slow. rough 06 50 INTERBEDDED BASALTS .,

615-620°: Very ] J500-525'7 Basalt. Angular black
slow and hard. 3 ] fragments: very little clay.‘

620-660': Medium i —525-553": Basalt with Alternating

1 smooth. . . . Sand_and Clay lLayers. Clay soft,
660-726¢: Fast h ] brown; sand is fine to coarse,
and smooth . 750} 95¢] subangular to subrounded, multi-

726-760": H;rd ] { colored; often highly weathered;
slow. rough t' ] ] wvariable amounts of light gray to

' el ° - 7 hite grains
smooth. b 1 v g,, .

60040 sore, | O P e Bedbenl
amooth to mediu . g - =asast <, g
rough, fast. EXPLANAT [ON

Sheet 2 of 3

FEATURE: Susanville

Anomaly--Lassen County PROJECT: Susanville Geothermal
Investigations

Molo Mo. . SUZ¥Y-1
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FEATURE . Susanville Anomaly=-- . ..
HOLE NO. .SUZY-1.. .

GEOLOGIC LOG OF DRILL HOLE—-CONTINUATION SHEET

....PROJECT..Susanville. Geotherpal Investigations
Lassen County

NOTES (Continued)

FIELD VISUAL CLASSIFICATION AND PHYSICAL CONDITION (Cont.)

Drilling Conditions (Continued):

840-860*: Fast and smooth.
860~890¢: Medium smooth.

Estimated Drilling Fluid Return:
0-890*': 95% to 100%

|Representative Drilling Fluid
Temperature {°F):

98° at 25°
100° at 33+ BHT
112° at 53¢
1022 at 53' after weekend
120° at 83+ BHT
1277 at 60' measured in hole after

night,

127§ inside 60' of surface,
1187 at 30' measured in hole after

njght,
1006 at 120°*
100° at 180°
110° at 300*
1087 at 340°

980 at 382' after mixing new mud,
105° at 412°

124° at 462' after night
110° at 485!
111" at 517!

1252 at 517' after night
114~ at S555°¢
111° at 575¢

1137 at 615°

118 ° at 675°*
116° at 760"
118° at 820'

112° at 890"

126° at 890* after 20 hours,

Caving Conditions:’
41-46': Serious caving

46-56*: Caving from above hampers
drilling.

73-80': Caving.

143-162': Raveling sand and gravel

162-176': Caving

176-203*: Caving from above

Casing Record: 10" steel surface casg
ing installed to 58,5', Casing permd
nently cemented into hole.

Geophysical Logging: The following
geophysical logs vere run by the

USGS, Denver Office:
(1) Electric

(2) Natural Gamma
(3) Gamma Gamma

Hole Completion: 2" steel pipe with
8' of 60 mesh well screen installed
in hole, Screen about 10' off bot-
tom, Bottom ¥ 390' of hole gravel-

packed, top portion cemented in.
Site protected with steel guard rail

(4) Neutron
(5) Temperature
(6) Caliper

560-570': Clay. Grades from soft, red brown to hard, bluish

570-600": 'Sandy Clay and Basalt Gravel and Cobbles, Clay is

600-616': Basalt Cobbles (?), Black to brown and gray-brown,
616-619': Basalt and Clav. Basalt similar to 600-616' inter-

619-675': Sandy Clay. Medium gray, soft with fine to coarse,

675-726*': Sandy Clay. Mediﬁm brown, soft clay as n\619-675'inggi
7726-733*: Basalt., Cobbles (?) black, hard; minor brown clay.
733-760': Clay and Sand. Medium brown soft clay with multi-

760-815': Sandy Clay., Medium brown to gray. Soft with fine td
815-860': Sandy Clay. Similar to 760-815' interval with common

860~-890': Claycy Sand_(?). Fine to very coarse, subangular to sub-

clay with weathered volcanic sand.

hard, compact, gray. Sand mostly fine, basaltic fragments,
medium to coarse, angular, black,

585-590': Especially hard,

590-600': Increase in sand,

hard,
val; clay gray and soft,

multicolored lithic fragments, Subangular, mostly volcanic,
weathered, -

colored fine to coarse, predominantly volcanic sand.
medium sand as in 733~760' interval.
light pink and red clay.

rounded, multicolored sand with minor brown to gray clay.

Sheet 3 of 3
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LOCATION . N
COORDINATES. N»394,305; Ee2,37%,7 7.
PINISHED..?‘.'.l.5?77

GEOLOGIC LOG OF DRILL HOLE

Suganville Geothermal
Investigationq

PEATURE. _Susanville anomalys=lassen Gounty. .
HOLE NO. SUZY-2
BEGUN.8=25-77

..See. Notesn

PROJECT

GROUND ELEVATION.. 4185‘ o
TOTAL DEPTH. 1680.0'.

- STATE. California ... ..
ANGLE FROM
VERTICAL. Vertical ..

Robert L. Turner &

REPTH TO WATER _Not. Determined . ...  HOLE LOGGED BY. . .Gary A. Hollinger ... DRILLER. . I@ylor,liutchina, &
: - : - 2T,
NOTES K‘; o . Tuggle

On water table " § £ CLASSIFICATION, AND
" levels, water re- 3 e

turn, character of| °f| ¢ a PHYSICAL CONDITION

drilling Hole w
Pur u;e:feih:t::e ] DAILY SUMMARY OF DRILLING OPERATIONS ] Log based on tockbit cuttinge.
stwdiant.p 12h'] o| 8-26-77: Rig up Fatling 1500, unload ] 0=9.8!:

(2) Geophysical R87] trucks, dig 3 mud pits, mud up, a0 RECENT ALLUVIAL DEPOSITS
properties. ] crews on day and swing shifts. 4. “Fine to medium sand and clay. Increase

(3) Geologic evald sy 8-25-77: Drill &44' of 12%" hole, Install o in sand past 5 feet.

— 38,9' of 8" steel casing, cement PV}
uation, E ] 8, ceme E 9.Be3721(1):*

b . into hole using 24 sacks. b PLEISTOCENE BASALT AND LAHONTAN
Land Owner: h 8-26~77: <Inatall blow-out equipment (8" 1 (NEAR_SHORE) LAKK DEPOSITS.

Lagsen Molding Co.; gate valve and two 2" bleed 19.,8m44'; Basalt. Hard, black volcanic
755 Alaxender Ste; - b linee). Build- decking and pre~ 1 fragments, minor red, green and other
Susanville, CA. 00— pare rig for drilling. Spudded 66 volcanic fragments. Scattered rounded

V] swing shift. Drill 64" hole to ] gravel and occasional brown sandy clay
Locationt ] 91.4 feet, replace bit. Opera- ] .zones ¢+ 1/2' thick. Minor red and gray
WEk NWk Section 5, 6'/'1._‘_ tions ceased for .weeke‘nd. 1 clay. . ) .
T. 29 N., R. 12 E. |RB 8-29-77: Drilled to 270'; changed swivel. Ju4-65": Clay. Brown with fine sand. Fine
. 1 Repair swivel and chuck; new 1 gravel at 45°. . ‘
Drill Rig: b b bite at 140" & 170', Drilling Lse:65-96': Basalt. Fine to coarse, hard,
Failing 1500 5071 24 hours/day. ] black fragments with sand.
1 196-98': Clay,
Drilling Methods: ] {98-107': Hard, volcanic rock fragments.

Rockbit drilled - {107-109':  Clay.’
using bentonite mud 3 J109-180¢:- Basalt Volcanic Boulders
ond barite weight 1 1 and sand and clay in alternating layers,

200 » 06
material. Three mud = 1 ] €anic material Is black an
pite and shaker used. ] 1 hard. occasionsl sand and clay layers us=
0ebke.0't 12%" rock= ] ] ually less than 1' thick; layers increase
bit for inetalla- B 1 below 140'; gray and brown; sand is fine,
tion of 8" surface ] 1 dark.

casing p 1]180-230': Clay and volcanic fragments simi
“,0-1680 0': 6%" 250 0 RP56] lar to ebove. HMHarked increase in clay.

rockbite ] 8-30-77: Drilled to 640'. Set up shaker; 1 Light gray to tan, soft. Minor decom-

140': Attempted ] repaired chuck; pulled to change| ] posed ash.
coring, Bole agved; 4 bit stuck at 440'; new bits at J230-290': Clay and Sand. Clay similar to
could not complete. b 3991, 459', and 499°'. 1 above. Sand is fine to medium, angular,

875.0-879.8': 3- 300 ] dark grained, derived mostly from volcan=
7/8% Haystellite bit g BO®1 4cs. Percentage of light-colored grains
Recovered 2.4' (50%)| 41, 1 increase after 270'.

1290-310": Clay. Brown, with coarse dark
R =& ’
Drilling Conditionas: B_] ? _volcanic fragments, sand and minor gra-
0<9.8': Smooth. 7 7 vel.’ Decrease in clay and increase in
9,8«44,0': Slow and l350-] hsol gravel from 300-310'.

rough. B _310-350" ‘Clay with sand and gravel. Most-

44s,0=61.4"t Swooth 1 { 1y dark-colored grains with minor light
p 8

to slightly rough. b ] colors. Decrease in clay at about 330';
61.4=270.0': Slow 7] ] ‘decreale in gravel at about 340',

and rough. b ]350-360': Gravel, Coarse, darkecolored frag
270.0=370.,0': Medium 1 ] ments from many sources with brown clay.

h. %00~ h067360-372': Clay, Brown and sandy with minor
370.0-398.8'1 Slow . 1" gravel; mostly dark colored.

and rough. 1 ] 372.0(2)-1,680.0°

J 3 . -1,680.0"s
393;3'“0-0;" F:" E . PLIOCENE LAKE DEPOSITS AND

:ouw"“:‘:t; minor E ] TNTERBEDDED BASALLS

s te. 5o !.59_372-398_': Fine gravel and lava beds (?)
6‘2.017‘:!0\;0 ¢ H::i“m ] i with Sand. Medium to coaree,dark colored
7&0‘8 785.0': 51 . 3 4 graine, minor quartz and llght colored
| .;d-rou;h i Slow 3 1 graina. Increase in clay below 380'.

M b 14600-620's  Volcanic and dark-colored frag-
785‘:"860'2;' Fast j " 1 ments. Medium sand sizes, minor white
and cmooth. koo 566 and brown grainma
EXPLANAT | ON

Hole d;illed by U. 5, Bureau of Reclemation, Contact between the Pleistocene and

Mid-Pacific Region, Sacrsmento, California. Pliocene Lake Deposits cannot be determined

from cuttings. The contact was estimated from

geo

physical logs.
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GEOLOGIC LOG OF DRILL HOLE

Susanville Geothermal .

FEATURE. Susanville aAnomaly--Lassen County . PROJECT... lnvestigstians. ... ... . STATE. California ...
HOLE NO. SUZY~2 LOCATION .. See. lote, Sheet .. ... GROUND ELEVATION 4185 . . ANGLE FROM 1
¢ SEETRE . COORDINATES. No396,305; E»2,374,717.. . . TOTAL DEPTH...,I.QBO D' .. VERTICAL. Vertical
BEGUN.8-23-77  PINISHED. .9-13-77 " Gary A. Hollinger & Taylor; Hutchins; &
| DEPTH TO WATER .. Not Determined ... .. .. HOLE LOGGED By . Robert L. Turner . . DRILLER.. Tuggle .. ... .
o |22 ] ,
On water table Sizehe & E CLASSIFICATION AND
levels, water re- |° "% 8 = PHYSICAL CONDITION
turn, character of b
drilling Hole| o~
Drilling Conditions h DAILY SUMMARY OF DRILLING OPERATIONS (Cont):| 7]420-460': Sand. Fine to medium, brown and
{Continued): b 4 black. Slight increase in coareeness be=
860,0«870,0": Fast. - 1 low 450'.
870.0-879.8"'s Slow b 1460-510': Sand. Fine to medium, predominant}
and rough. B 1 ly black with minor light-colored grains;
79.8~950.0t1 Slow [550—] 550] minor clay. Slight increase in dark
and smooth. N ] sgrains below 480' and slight incresse in
50,0~960.0': Medium 4 1 clay below 450'.
speed and medium 3 1510-620's Sand. Medium to fine, predomi=
rough. ] ] nantly black, subangular to subrounded
960.0-980,0't Slow g 4 grains. Minor quartz and feldspars,
and rough. 00— k0o g&rain size predominantly fine below 530°',
1980,0-1000,0': Slow ] 1 Slight increase in grain eize and grani-
and fairly smooth. 4 { tic material from 540-560'; increase in
1000.0-1020.0': Slow|64" ] J 1light gray to pink clay from 570-600';
to fast, RB A 8=31«77: Drilled to 880', Repaired mud : increaese in light-colored granitic mater-
1020.0-1200,0": Med- 4 pump and chuck; replace sand ling. ial below 610'.
fum to fast and [g50_] New bit at 875'; core run at 559_620-630' Volcanic fragments. About 2/3
smooth, occasional h 875¢%, ] of materisl sre dark-colored grains; and
rough spots. p j 1/3 are light-colored granitic minerals
1200,0-1270.0': Slow ] ] and light tan clay. ’
and smooth. b 1630-660's Sand and Volcanic Fragmente. Fin
1270.0-1330.0%: Fast| O 1 "to mediuwr bTack and Tight-celired.
and fairly smooth. 700_“ 706 Minor light tan, soft clay.
1330.0-1350,0': Slow| 3 1660-700': Sand, Fine to medium with minor
and smooth. R 4 fine, rounded gravel and light brown
1350,0-1540,0': Fast 3 J clay. Grains mostly dark, Slight in-
to slow. B ] crease in grain eize below 680'.
1540,0~1640.,0': Med- ] {700-720';: Sand and clay. HMostly fine to
{um and smooth. 750—] 759 medium, dark sand with minor bight-
1640.0-1680,0': Slow _:1 colored grains; minor light pinkish grav.
and saooth. p {720-730'; Clay, & sand. Similar to abowe
64" ] 3 with clay predominant.
Estimated Drilling |gg 1 1730-760': Clay. Gray with minor sand and
Fluid Return: ] ] black and brown volcanic fragments. Min-
0-93.9': 100 B0O—] 80g] ©r white ash at sbout 740°'.
93,9-99,0': 95% 4 001760-785': Sand & Clay, About 50% fine to
99,0-270,0%: 100% h ] medium, multicolored sand, and 50% light
270.0-398.8': 90% 1 1 pinkieh clay. Grain size increases to
398,.8-640.0': 100% B :1 fine gravel at 780'., Clay mostly brown
640,0-785,0': 90% p ] at 780°',
785,0-880,071  100% sso_i lg56]785-800"s  Sand, with minor graval, mostly
880.0-950.0': 90% 1 fine to _medium dark sand.
950.0-1200,0': 100% ] 1800-810's Ssand, Predominantly fine to
1200.0-1270,0°: 90% 1 ] coarse, d?ﬂ(_;rains' with minor multicolor
1270,0-1540,0": 100%E&ZE 9~ 1=77: Drilled to 1200'. Service engined. ed grains.
1540,0-1640,0's 907% New bit at 1040'. 10-870*: “Sands Mostly fine with minor
1640.0-1680.0" ¢ 1°°‘b00—i o] medium gralns, predominantly dark with
4 minor light-colored graine, minor ciay.
Representative Drilel - ] 70-905': Basalt with thin clay and graveld
Ting Fluid Return o] filled layers. Light gray, vesicular;
Temperatures ("F): |64 vugs and fractures filled with hydrother-
¢h° - Initial RB ] mally (?) altered light-colored material
§9° at 23¢ b5 fo) b and quartz ‘crystals.
70° at 61°' 4 05-940': Volcanic fragments and volcanic
78° at 130! e gravel. Fine to coarse, mostly dark col-
82° at 140* . orea with mlnot multicolored grains; min-
87° at 162' after trfip 4 _or sand.
84° at 200! ] 40-960": - Sand and Gravel fragments. Fine
88° at 230! . o6d- to coarse, mostly dark with chert and |

EXPLANAT 1 ON

__Sheet 2 of &4
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GEOI.OGIC I.OG OF DRILL HOLE

Susanvi ].le Geothermal

PEATURE Susanville Anomaly--Lassen County . . Inveutigetions .. STATE. California .. ... . ..
LOCATION 3 €, . . GROUND 'ELEVATION 10155 . . ANGLE FROM
HOLE NO. SUZY=2. . COCRDINATES. N.394,305:. Ea?,374,717 _TOTAL DEPTH 1680 . . . VERTICAL. Vertical.
BEGUN 8=25-77 _ FPINISHED. 9-15=77. . Turner & Taylor; Hutchins;
DEPTH TO WATER Not Determined ' .. .. HOLE LOGGED BY . Hollinger . DRILLER..& Tuggle. .. ... .
NOTES Type ) ,
On water table ‘s“i‘:e 5 £ CLASSIFICATION AND
levels,hwatelt” re | ot =3 B PHYSICAL CONDITION
turn, character o o
drilling Holel o
Representative Dril- 1 DAILY SUMMARY OF DRILLING OPERATIONS (Cont):| ]940- «960' {Continued): multicolored grains,
ling Fluid Return 4 4 minor clay.,
Temperatures (°F) N ]960-1010': Sand with clay. Fine to medium
{Cont Lnued): b 1 eray to brown grains, minor, black; in-
86° at 400! ] 1 crease in dark grains and gray clay below
92° at 430' hoso— cee] 990'.
100° at 460' after o 7 ]1010-1030': Clay with Sand. <Clay is light
trip. ] 4 brown with mostly fine to medium, darke
95° at 470! 3 1 colored sand; minor light colors.
99° at 505! b ]1030-1040': Clay. Blue-gray.
100° at 570! ] 11040-1060": Clay with Sapnda Clay 1s brown
102° at 620' 1100 L1~ with fine black and dark brown sand.
108° at 640' after " 11060-11507: Sand and Clay. Sand and clay
trip. — | variable in amounts; sand mostly fine,
102° at 650 6/ 1 black and brown, volcanic and lithic frag
104° at 720' RB 1 i ments; clay 1s gray to pink. Slight de~
108° at 760 p ] crease in clay from 1130-1140'.
106" at-785"' 150 151150-1260': Sand. Fine to medium, dark
104° at 840° h 1 sgrains, minor multicolored lithic frag-
104° at .850' after ] 1 ments. Minor light tan to pink clay.
1 hour downtime. N 1 slight increase in fines and clay below
104° at 900°' j j 1170,
B ' ]
iggg :: ggg. p 9. 2«77: Drilled to 1330'. Repaired breask- 4
109° at 1020° 1200—: out table and winch drum. j2067]
113° at 1050* 7 bit at 1280', Mud pump and enginp ]
117° at 1100! 4 failed, pulled rods and secured b
115° at 1120° ~ equipment’ for long Labor Day B
118° at 116Q* 1o weekend. ]
ii;: :t i;gg: 12%64 125¢]1260-1270": Sand & Gravel. Fine sand to
. . T 1 fine gravel., Material mostly dark color=-
1090 at 1220, ] 1 ed with minor light colors.
108° at 1260 3 1270-1290": Sand and Clay. Predominantly
113: at 1320: p . 1. fine, dark=colored sand with minor light
130° at 1320' after h 1 colors; clay light brown to pinkish brown
1029 }::m;;ag?wntime. 1306~ 106 Increase in brown sand below 1280.
106° at 1350 ] 11290-1350': Sand. Fine to medium, subangulay
110° at 1380¢ ! 7 dark volcanic sand with minor multicoloreq
107° at 1460° 6'/1.':‘ 9. 6=77: Drilled to 1540°'. ] lithic fragments. Very minor quartz frage=
113° at 1530° RB ] pump and engine, 1 merf\tt.a.lﬁinor light tan to light pink,
° ] 1 so claye. R )
113 At e, 13561 | 56]1350-1370': Sand_and Clay. Fine to medium,
L1117 at 1 ] ] dark-colored sand, minor light colors.
1 1 Clay is gray. Marked increase in coarse,
— < multicolored and quartz grains and frag-
CaV1nLc:n:{°§ Squeezy 4 ] ments and minor pink clay below 1360'.
Cavin ncn\tuz:':lif- 1 7370-1430': _Sand and Clay., Predominantly
ficultysin pulling |14007 R4ce| fine, brown sand and pinkish brown clay;
rods mostly during - 4 . minor black and light-colored grains and
firgt few days of ] 1 medium sand. Decrease in grain size be-
drilling. Schlum- - B low 1380'. Increase in weathered, medium
berger logging tool ] 4 sand-pize lithic’ fragments at about 1400’
stuck (caving in ] s 5951&101-1&50' {red, highl 3 hc 3
) |14564 4 ne~graine ghly weathered.
u;gz;;;m) at 650 J 7450414901 : Sand. Predominantly fine,
gnd;tzon: noted b ] 71 black and brown sand with scattered light
driller (caving mn;' — » grains and minor light brown clay. De-
] 1 crease in light-colored grains (granitic?]}
be from higher forma+ b 1 pel 14807,
ltions)t yeno 1 o] erow

EXPLANAT I ON
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Susanville Geothermal .
FEATURE. Suasnville. Anomaly==Laasen Caounty.. ... PROJECT. ... Iovestigations. ......... ; 185 i’;l\‘x‘g..:;lggxnia
LOCATION ... See Note, Sheet 1. .. __. GROUND ELEVATION. 4185 . GL.
HOLE NO.. SUZY2 . CoChntuatis NedobsiDS: Bedsdte 117 SR o kL DEPDH 1680 ... VERTICAL.. Vextical.. .
BEGUN .. 822571 .. PINISHED. .. 9=15-77 .. Robert L. Turner & Taylor; Hutchins;
| _DEPTH TQO WATER ..Not. Determined ... HOLE LOGGED BY. Gary Hollinger ... .. DRILLER....& Tuggle... . .. .. . .
Typée
NOTES >
On water table ;::é..gg £ CLASSIFICATION AND
levels, water re- | = " 3 = PHYSICAL CONDITION
gu{rfhcharacter of Hole o
T ng [
Caving and/or Squeez ) ] DAILY SUMMARY OF DRILLING OPERATIONS {(Cont): ]1490-1560': Sand. Predominantly fine to
ing Conditions:(Conj 4 . 4 minor coaree, black and brown grains.
61.4=81.41 Caving i 9= 7-771 g?:::d t: 1:221; :ot;itgepth ] Coarse grains are mostly weathered light-
91.4293,9': Rods ] hol ;o: ;chl b’ on on ] colored materifal. Minor light brown
stuck. B e umberger. 1 clay. Slight decrease in coarse material
99,0-111,0': Rods 1556 9= 8=77: Pulled rods from hole. Schume hsme] At about 1500'., Sand grain size decreas-
stuck. b berger geophysical logging ] es about 1520' to predominantly fine to
111.0-140.0': Caving 1 started ewing shift, +{ medium.
439.04459,0': Caving ] ]1560-1630': Sand. Fine to coarse, sub-
440,0-480,0': Rods 1 9« 9=77: Schlumberger logging tool ] rounded gralns. Minor light gray clay.
atuck, 10 stuck in hole at 650', Circula= 4 Coarsge material mostly weathered basaltic
A2'870.0': Rods heco— ting mud to clear hole. Fish- [0 and granitic material and ash; increase
1;;‘(;‘::580' &h" b ing 2 shifte per day. 1 1in coarse grains and red clay (weathered
- : Caving. ] 3 ',
aving«|gg 1 9-10-77: Fishing for tool with ofil field :16;(‘)2388?30‘,8:::0 Fine to medium, dark
Casing Record: - 7 rods supplied by Midway Fishing | ] " ;\ Tnor + - ltfeolored i ML
—T—L,, atesl surface . Tool Co. of Woodland. 1 sgray with minor multftolored grains. Mi-
castng installed to J { nor clay. Increase in light gray clay
39-9;- Casing sema-lésoj 9-11-77: Continued fishing. fLcoe] below 1660'.
nently cemented into - B
le with an 8" gate ] 9-12-77t Continued fishing. Work over >
v{:lve :ndtnﬁp czl" blepd - fieh but could not latch on. ]
nes inatalled on B ]
:optfor b‘l;ov-ol ut pzo- ] 9=13-77: (‘or(\ltlnued fishing with Failing ]
ecting. Valves and |1700— rods.  7e¢]
lines removed after . 9«14-77: Latched figh at bottom of hole :
hole completion. ] and recovered tool. Completed ]
P geophyeical logging. Condition 7
G.;h ;1511 io ings p hole and mud for completion. ]
e following geo~ ] ]
physical logs were |i7s0- 9-15-77: Set 1659' of 2" steel pipe, [ 720y
run by Schlumberger: g rig for cementing, pump in 10 b
(1) Dual Induction ] cubic yards neet cement and b
Laterolog . chase cement with latch down ]
(2) Bo::o;: fonpen~ 7 plug and clear water. 4
sa nic 1 b
3 :«upenuted 1500 9-16-77: Move rig from site. 1600
eutron ] ]
(4) Formation Density 1 1
(5) Gamma Ray 4 —
(6) High Resolution . ]
Temperature 1. ]
Ele Efletionz peso p630]
" sealed, water- 1 ]
filled steel pipe inp 1
stalled and cemented 7 B
into hole to 1659' for o ]
temperature gradienth. b
Site protected with R900-] 1 906
a steel guard rail. 1 ]
956 195{::
] / p
EXPLANAT ION
sheet 4 of 4
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Hole No.

susanville veothermal -
pEATURE Su.anville__Angmaly--Laalen County PROJECT .Investigations. . . STATE..California. .
HOLE NO  suz LOCATION .. 3ee Note.. . GROUND ELEVATION. .. . 4 230 ... ANGLE FROM
SUZY=3. . COORDINATES. N.39,298; E.2, 37 71 _ TOTAL DEPTH. 2,088.0'...VERTICAL. Vertical ..
BEGUN .. 9=19-77 . FINISH\ED 10-13‘77 Ge Ae Hollinger and Taylor, Tuggle, &
DEPTH TO WATER .. Not Determined . .. HOLE LOGGED By .. R¢ L. Turner ~ . DRILLER.. Hutehins . .
NOTES Tyge o o FIELD .VISUAL
On water table ivd . O B CLASSIFICATION AND
levels, water re- | P93 ] PHYSICAL CONDITION
turn, character of 9 a
drilli ing Hole LOG‘,,BA'SED ON ROCKBIT CUTTINGS
Purpose of Hole: ,2’3,;': DAILY SUMMARY OF DRILLING OPERATIONS: 1 PLE et 0-2,088": (
'ﬁ"P_) Temperature gra-| 4 1 ] ISTOCENE LAHONTAN LAKE (near shore)
dient. - | 9-19-77: Ris :?t:‘:‘;“% 1300 ::; mud. 3| | DEPOSITS WITH INTERBEDDED BASALTS AND
] ! [ sede. [ 7]
(2) Geophysical pro- ] T ot e Lom3iin potp used- . | PLIOCENE LAKE DEPOSITS WITH INTEHBED-
perties. . - " J]" DED BASALTS (7).* -
) ] ment; in 8" gteel surface casing. ] —— . )
(3t Geologic evalua- 50— 0 Install flow line. %1 0-20,0': silt and Sand. Predominantly
ion. » ] . 4 f - o
: 6471 | 9-20-771 Drilled to 220" with 64" rockbit, | ] . "c-8rained, brown..
Land Owner: RB Replace Kelly hose feed line, Core| _]20.0-40.0': silty Clay. Minor sand, light
Lassen County. S g runs 80-84' and 100-102', Replace 4 brown to medium gray. -

" t at 100'. 24. ] o : .
ocation: 1L N "1 o :1},.‘ Drilling 24.hours Per| 4,0,0.50,0': Sand. Medium-to coarse, vol-
e 5 T 92‘9 . P0Gt 0>~ canic, dark gray with coarse quartz frag-

3 y b Nes 240 ] -
R. 12 E., near south¢ i 4 ] ments o
a8t corner of the 1. ]50.0-68.0': Sand and Clay. -Fine to medium
[Lagsen County Mainter 1 ] volcanic eand, dark gray, common coarse
Inance Yard in the 3 { quartz with' dark gray clay. Incresse in
southern part of Gity, . 1 |so— fine gravel from 60-68',
of Susanville. .4 B Lo :
- 168.0=73": Gravel and Clay with Sand. Fine t4
] ] coarse, subrounded gravel, and grny clayd
:‘:}1::;;1500 65"~ -] Saend is fine to coarse.
RB 4 1 .
] 173.0-78.0"': Basalt. Hnrd, dark colored,
‘Eilltng Methoda: "0 ' ’ . 1 'volcanic fragments.
Rockbit drilled 4 9-21-77: Drilled to 590'. Repl b T4
beith benton:te :md, - 320'.e ° eplace bit at ] 78,0-94.0': Sandy Clay with Gravel. Sand
reight material, and ] ] wmostly fine with medium and coarse, browr
Host ctrculntio;\ ade B 7] ecattered coarse to fine volcmlmgravel#
it ives. p { mostly subrounded.(Qore 80-B&4' recovered
-20": 12-3/64" rock- ] ] 2.5 in plecees +3" to 1', bresks along
bit for installa~ |21 © pc  +1" thick, fine to medium sand zones).
tion of 8" surface b ]194-110': Basalt and/or Cobbles and Gravel.
casing. 1 ] Dark gray to black volcanic fragmenta,
P0-2088%: 64" rockbit. ] 1 wminor dark sand.. (Core 100-102': recov=
80-84': 3-7/8" Hay4 1 ] ered 6" gray, black vesicular piece, vugs
stellite cor run; re«ro__: 300-_ partially filled, and 5" gray nonvesicu=
coverad 2.5' or 63%. ] { lar plece). Gravel is rounded to sub-
100': Attempted 3~ ] ] rounded volcaenie, minor sand and grey
7/8" Haystellite corg 3 J elay interzones.
fun; destroyed bit; 4 ]
ho recovery. p i 110-130': Clay and Send. Light brown to red
100-102'3 2%" die- ] ] brown with minor greenish clay and fine
bond core run; recove 30 ] 330 to medium, multicolored sand. Marked do-
bred 2.0' or 100%. - 1 ecrease in dark-colored grainz from aboved
2088': Attempted 6%" 1 Red-brown clay decresasas below 115' and
B.7/8" diamond core | & T 1 s absent below 120'. Scattered coarae
bun; blocked with - { zones less then 1 ft thick mostly below
klay, no recovery. B ] us.
460— lsoe—
rilling Conditionst 7 1130-140': Sandy Cl.x. ‘Sand fine with minor
Mﬁa—l—t—r b ] medium grains, light yellow brown.
amooth, - - 140-230"1 Basalt with Interbadded 013. Ba-
p0-~140': Slow and d ] salt black to dark gray with red tan
rough. ] ] common. Clay, brown,content increasing
140-3::': Hard and |40 456 below 200', minor quart:r and chalcedony.
rough. 1 ] :
D20<240': Slow and 4 4230-260': Sand and Clay. Fine to coaree
rough. 3 1 volcanic sand, T{ght brown clay.
P40-260': Medium speqd 1268-280': Sand. Fine to coarpe, dark cole-
and rough. 3 ] ored sand, minor light and brown colors.
iole drilled by U. S. Bureau of Reclamation EXPLANAT I ON #Contact between Pleistocene and Pliocene
L) - ’
Mid-Pacific Region, Sacramento, California. rocks cannot bo‘_date.r-lnod frou .cutungn.
Sheet 1 of 3
SUZY=3
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HOLE NO, SUzY-3
BEGUN.. 9=19=77 .

DEPTH TO WATER .

--------------- COORDINATES. N
PINISHED.. 10=13-77..

... HOLE LOGGED BY. .. Ra Lo Turner. ... ...

GEOLOGIC LOG OF DRILL HOLE

Susanville Geothermal
. Investigations ... ... ... .
GROUND ELEVATION. . 4,230 .
TOTAL DEPTH... 2,088.0!

FEATURE. . Susanville Anomaly--Lassen County
Nate, Sheet 1 .
394,298; E,2,3712,571..

LOCATION . Se

... PROJECT. ..

Ge As Hollinger and

_ DRILLER..... Butchins .. ... ...

....... STATE.. California............
. ANGLE FROM
...... VERTICAL. Vertical ...

Taylor, Tuggle &

NOTES ng > g FIELD VISUAL
On water table si v g CLASSIFICATION AND
levels, water re- Zelpe > e} PHYSICAL CONDIT
turn, character of| °f g /a 0N
drilling Hole w

Drilling Conditions 1 DAILY SUMMARY OF DRILLING OPERATIONS: 1260-280 (Cont.): Minor volecanic fragments,
{Continued): - ] inereasing balow 270*; minor green clay.

268;::::: Slow and . —1280-3007: Sand and Basalt. Fine to coarse

280-320': Very slow ] ] :::e.::i‘\.::: and volcanic fragmente. Mi~
and rough. 5] N ko] 8 Y-

[320-440': Smooth viti;’ b {300-310': Clay and Sand. Brown to pinkish
occasional rough ] 9-22-77: Drilled to 740', Mud loss prablemq | brown clay. Fine to medium, dark sand.
;one.:,‘ RB: at intervals. Replaced bit at 6601. J310-320': Basalt and Clay. Black volcaniq|

M.;:,zgh: Medium and 3 9-23-77: Drilled to 940'. Mud lose problems. ; fragments and light gray clay.

590-680": Fast and | co ] Replace bit at 880' and 940'. Re= ! 1370.340';: Sand. Fine to medium, dark sand,
smooth. 4 pair mud pump and truck engine. OpFOJ 5oy coarse; minor light brown clay.

580-740': Medium and b erations ceased for weekend. 1 ane
amooth. ] 13404430 :Ms_mrd._ Brown clay, sand

P40-830': Fast and ] -] fine to medium, mostly blagk and browm,
smooth B { wminor quartz and light colors, few vole

830-880': Hard and 3 ] canic fragments and coarse zonas, trace
mooth: 656 6561 of white ash (7) at about 390°, Sl};ht

B80-1178" : Medium and : b decrease in clay content below 410°',
«smooth, occasional ] _1430-450';: Clay and Sand. Gray clay; fine
rough zone. h 4 to medium, dark nﬂ. scattered coarce.

H175-1300": Slow and) 4 1450490 : Sand and Clay. Fine to medium,

30021360 : Meditm 700 0 706 dnl'k l:n ,tnhi\o;'co:rutgrclnu n:;dltght-
and emooth. . ] colored materisl; clay is brown grayd

£360-1500': Medium tq ] 1490-530': Sand q Clay, Fine to medium,
slow and smooth. g 4 subanguler, mestly black to derk brown

£500-1600': Medium 3 ] sand with common quartz, occasionsl thin
and smooth, occa- 7501 ss0] cosree zones; clay is red to brown, De-

{ sional fough zone. 1 1 crease in ‘clay below 520'.

800-1690": Hedium ] 1530-590"1 Sand with Clay. Pine to medium,

° 64 — eome coarse, gray brown, subangular vel-

1690-18401 Fast and| RB - 1 centc sand, common qunr;x; comson brown

b b ’
:x;h;t;:f“io“‘l ] ] to pink clay. Many thin, coarse inter-

1840-1885'1 Madium | "] foe] vale.
and smooth. ] ]590-670": Sand with Clay. Fine to medium,

1885-1960': Slow and 3 ] some coarse, reddish brown, weathered vold
smoothe e . 4 ecanics, minor quartz, decrease in clay

1960=-20881 Medium ] 1 from above, decrease in grain size below
and smooth. aso] s 600' to predominantly fine below 660°.

Estimated Drillin, ] :673-6:0';“.5-1“!.“101-!. Fine to medium,
Fluld Return: : { dark sand; gray clay.

0-T407: 1007 ] ]690-770's  Sand with Clay. Fine to medium,

140-220': 90% ] ] some coarse, black, volcanic sand, co-o:T

220-440': 100% . 1 quartz, minor red volcanics. Brown to

238-590': 90% aadn 508 red clay. Increase in red voleanics, 7104

-620's  95% 1 1 730%; absent below 740!,
=640 3 . p : )

e eeor. Bon q [T Drilled to 1075'. Repair hydraulie| 1770-890': Sand. Fine with minor medium,

At 660': Complate logs 1 56-: problenu.' pump. ] dark volcanic sand, scattered red grainsd

660-680": Loss at ] * 1 Increase in medium size, 7%0-830', Hin?r
{ntervalg. 950 950 brown clay, content increasing 870-890°¢,

£80-740": Complete lops 1890-950': Sand. Fine to medium, dark gray
to 707 return. E 1 to black subangular volcanic sand with

[740-830%: 100% ] ] common quartz, sowe feldspars, variable

At 830°: Complete ] amounts of pink to gray clay, some decom

loss. 16003  co posed red volcanice. Decrease in medium

EXPLANAT I ON

Sheet 2 of S
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GEOI.OGIC LOG OF DRILL HOLE
Susanville Geothermal
PEATURE _Susanville Anomaly--Lagsen County . PROJECT Investigations .. ... _ STATE.. Callfornia . .
N LOCATION See Note, Sheet 1' - 'GROUND ELEVATION .4 ANGLE FROM
HOLE NO.. SUZY-3..... COORDINATES. . N.394,298; 8.2,372,571 ... TOTAL DEPTH. _VERTICAL Vertical ..
BEGUN. . 9-19=77 . rmxsuzn 1021377 G. A. Holinger nnd Taylor, Tuggle &
DEPTH TO WATER . Not.Deterwined .. ... HOLE LOGGED. BY.. Re L. Turner ~ pRILLER. Hutchins . . ...
NOTES nge ol . - . PIELD VISUAL
On water table Sivd .S & CLASSIFICATION AND
levels, water re- |° 298 = PHYSICAL CONDITION
turn, character of| ° 2 a
drilling Holel
’E!tmntad Drilling 1 DAILY SUMMARY OF DRILLING OPERATIONS: 1890-950" (Continued): sand below 930°'.
Huld Seturn foon= 1 1950-1080': Sand with Clay. Fine to medius,
83;—:;0' ' - ] minor coarse, black volcanic sand, some
i loss at ] ] tan to red volcanice and quartz. Clay
1n;z;7:1;61. 1050—: ] 1light gray to pink. Do;;eau in eosrse
860 uen 9707, -
940-1000"; Parttal 1 | 9-27-771 Drilled to 1175¢. Mud loss prob= | ] 8roine end clay delow 970°. Sand predont
1 1) 4 1 Dock sngine flywheel fail- { nantly fine below » Occasional rough
ose * ] ome. ek eng 1 zones below 1060'.
1000-1040': 70% 3 ed. Pull rods. ]
1040-1075': 90% 1 9-28-771 No drilling. Repairing deck en- 11080~1120": Sand. Fine to coarse, minor
At 1075': Complete 4 gine, Replace all Clblg' md ser+ 1 gravel, aubangular to subrounded black
loss. h1co— vice .quipuont. " h1od] volcanic sand, common quartz and red to
1075=1090'3 Slow loejp E ©{  tan volecanics, some feldspars., Slight dep
A2 1090*: Complete ] . .| ] erease in coarse grains st approximately
loss. 3 9.29-77: Drﬂled to 1200'. Completed re- 1 1090'. Increase in pink clay below 1100'
1090-1120° ¢ Slow losp6l™ - paire orl\l‘;;fk engine. Replaced 11120-1130":  Sand with Clay. Fine dark volL
1‘1;120 t Complete RB: bit at ° ] ecanic sand and pink clay.
TR
112001140° s Slow losp "] 1%11130-11401 : Sand. Fine to coarse, subangulaf
1140-1175's  50% 3 ] to subrounded, dark gray to bleck, vol-
At 1175': Complete lFu I ] cenic, minor ten to red volcanice and
1175-1180'; 50% 4 ] quartz, minor tan to pink clay.
1180-12000:  95% 1 1114012007 : Sand. Fine to medium,, mostl
] - : . , y
1200-1220': Slow an!zoo_: 9230774 Drilled to 1360'. Mud loss prob- h 2061 dark gray to black voleanics with tan and
continuous loss. B lems continue., Additives being 1 red.voleanics, minor clay. -
At 1220': Complete b used to regain circulation. Pulled ] '
loss. J rods and replaced bit at 1360°'. ]1200-1230*:  Sand. Predominantly fine with
1220-1275%': Slow and 40 Secured for weekend. ] medium, dark gray and tan, angular to eube
. continuous lose. h 1 angular, minor clay, Increase in medium
At 1275':1 Complete 1250_- b 256 size graine and quartz below 1220°.
loss, , . ]1230-1330': Send. Fine to medium, dark gra
1275-1300": Slow and 1 i to tan, angular to subrounded, miner clayh
mtinu?uo 1;"' - ] Decrease in grain size balow 1250',
1300-1360': 50% to . 1 slight increase in red and tan: volcm&e
mlf“ 1°';’ ] 1 grains at approximately 1290', increase
MJ:“’ 1 Complete | ... ] he| in medium grain size below 1310' (rough
0. 4 g -
136001420" ¢ Slow and . ] ] drtlling 1290-1300'.)
continuous loss. 64" 41330-1380*: Sand. Fine, derk gray to pink
1420-1460%1 50% to RB ] and tan, minor clay, Increase in grein
complete loss. 1 1 size to fine to medium at epproximately
1460-1600': 907 [ 250-1 . 15& 1360-1370",
1600-1690': 80% 1 |10 3-77: Drilled to 1500'. Mud loss prob- [ .00 1ci00.
1690-2088': 90% b lems continue., Additives being :138011642 : %‘n—d. 1“’“‘ t: :‘::“' dn‘lk
] used. Replaced bit at 1480'. Re-| ] S2.0Ted EXaing, mitow teC sht colers,
. J and quartz, minor lig rown to gray
Drilling Huh&lo:;tutn k paired mud line guide cable. ] clay, occastonal rough spots (gravel 7)
sratures < : b 4 1less than 1' thick. Mostly fine eand bo-w
“:;;%,”‘90 from) o0 Leos] low 1570°.
Normally 90-100° h ]
from 1570=2088'. b b
Caving Gonditione: ] 1
" No major caving b B
probleas were encounpd™ ] R4y
ered. Minor caving '_‘ h
from 260+660' after = b
trip. - p
500 .
EXPLANAT I ON
1
Sheet 3 of 5
Hole Mo, . SUZY=3 . .
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Susanville Geothermal
FEATURE. Susanville Anomaly--lLassen County = PROJECT... Investigatians . ... ... _ STATE.. California. . .. .
NO. SUZY-3 LOCATION. Sheet 1 . .. GROUND ELEVATION 4,230 ANGLE FROM
HOLE NO. >T% “: COORDINATES. N.394,298; E,2,372,571 TOTAL DEPTH 2,088.0' VERTICAL Vertical ..
BEGUN.. 9=19=77  PINISHED. 10=13-77 G. A Hollinger and Teylor, Tuggle, &
| _DEPTH TO WATER Not Determined . . ... .. .. HOLE LOGGED BY . Re L. Turner DRILLER....... Butchina ... ...
NOTES :zge N FIELD VISUAL
On water table Sive ;.: z CLASSIFICATION AND
- e i
tore, sharecrer ot| F | § £ PRYSICAL CONDITION
drilling Holel =
Casing Record: { |DAILY SUMMARY OF DRILLING OPERATIONS: ]
Came " ] ]
e “:':‘.’.:ns‘::‘l ] [10- 4=77: Drilled to 1775', Repaired mud ]
20.9°, B line guide cable. 7]
Geophysical Logging:| cse ] 16
The following geo~ b 1
physical logs were B 1
run by Schlumberger. B ]
(1) Dual Induction 3 B
Laterolog. H 1
(2) Borehole Compen=|}no1 ) <o
sated Sonic h ]1640-1760': Clay and Sand. Gray clay,
(3) Compensated Neu- o 1 fine to medium, dark volcanic sand, mino
tron. 6k J - 1light colors and quartz, Sand grades to
(4) Formation Densi-|RB 4 1 predominantly fine below 1740',
tye - p
(5) Gamma Ray 1650 b eoed
(6) High Resolution | E 7]
Temparature. - B
letion: 205* —_‘: —:
two-inch sealed, 4 R
ater-filled steel [0 h 7we]
ipe installed and o b
emented in hole 4 41760-1810*: Sand. Fine, gray with minor
for temperaturp ] J 1lightecolored grains, minor clay.
adients. Site prop 3 ]
tected with a steel A ]
uard rail. 17561 J750j
7 |10- 52771 Drilled to 1920'. New bit at 1900{.
\soc_: ) poe] 1810-1830':  Sand with Gravel, Predominantd
4 1 1y fine-grained, dark volcanic send with
] 4 coarse rock fragments; red, white, green
] ] and brown (drillers report boulders).
6% 11830-1990": Clay and Sand. Oray clay,
RB 4 ] mostly fine, dark-colored sand, very mi-
1856 165 nor medium, very minor light colors.
4 {1 About 30% multicolored lithic fragments
] ] at approximately 1900,
h 900 199
E 10= 6-77: Drilled to 2070', 1
] ]
1956 1959
3 y .- J1990-2088'; Sendy Clay. Fine to medium,
1 ] sray sand, common multicolored lithic
2000~ - oC
EXPLANAT ION
Sheet 4 of 5
suzy-3
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. uunvi.lle Geothernal
PEATURE Susanville Anomaly--Laséen: County: ‘  ° PROJECT..
HOLE NO SUZY-3 LOCATION See Note, Sheet 1 ) =
OLE NO. 30X - COORDINATES.. N.394,298. Ea2,372, 571 .. TOTAL DEPTH. .2, 108807 VERTICAL.. Verticsl
BEGUN..9-19=77_ . PINISHED.. 10-13-77 *5  Gs A. Hollinger and . Taylor,. Tuggle, &
DEPTH TO WATER .. Not Determined . . .. ... HOLE Locc_@.‘By......R.-:..l.-.».J\i:n.e_r.:.:,v..'._.-.;. DRILLER.... Hutechine .. .. ..
NOTES K‘;e‘ o o . FIELD VISUAL
On water table Sizelye $ £ _ CLASSIFIGATION AND
t:::hz':h:::::e:e;f of | g 8 ., PHYSICAL CONDITION
drilling Hole o i o
' : DAILY SUMMARY OF DRILLING OPERATIONS: ]1990-2088' (Continued): fragments; clay
4 { .light gray with minor grayegreen. In='
v ] 10- 7-77:1 Drilled to-2088' T.D. Schlumber-.| J crease in gray-green clay below 2030¢.
RB 1 ger geophyalcal logged hole. -Sed ] .
] cured for 3-day holiday weekend: | -7].
mso,_: o 10-11=77:  Assemble core barrel and service |2gsel
7 equipment. Two crewe per “day. ]
] 10-12-77: Attempted core run at 2088', No ] Lo : P
—~ M - Formational clay increasingly hydrated
] r:covery- Start running 2 steel by drill action below approximately 1400’
pipe. {preventing accurate evaluation of content.
100 10-13-77: Cemented 2" gteel ‘pipe to 2058', |, s|Clay content below 140C' may be higher than
3 Pumped 15 ¢ubic yards of cement Jeuttings indicated.
- into hole. Set locking plug at b . :
= bottom with clear water. 3 Drill action indicates formation msy
] ) . {be increasingly indurated below approxi-
B 10-14=77;  Move rig from site. {mately 1200' and may be predominantly fioe«
21 501 213.; grained, weakly cemented sandstone and/or
] Jclayetone increasing toward the total
4 4 depth.
2200 2200
2250 225&5
2306-] 230
B ]
2356 2331:
2408 200
] 3
- -
2450 2488
EXPLANAT ION
Bhwe) 5 of 3

Wole No. SUZV-l ... .. .« Q
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GEOLOGIC LOG OF DRILL HOLE

SUSANVILLE GEQTHERMAL .

PEATURE. .. ly--Lassen County  PROJECT...INVESTIGATIONS s .. STATE..  CALIFORNIA
HOLE No. SUZY-o LOCATION SEE NQTES . _ . GROUND ELEVATION 4196 . ANGLE FROM
: R COORDINATES N.393,965; 37.3 944 TOTAL DEPTH. .. 769’ . VERTICAL. . VERTICAL .
BEGUN.. .10-13-78  pPINISHED. 11-15778 :
DEPTH TO WATER .. .NOT DETERMINED. .. __HOLE LOGGED BY..G.HOLLINGER: R.TURNER DRILLEBRSKAGS:FERRELL: TUGGLE
NOTES 'xge N g FIELD VISUAL
On water table Sizele ¥ g CLASSIFICATION AND
levels, water re- |° S92 i PHYSICAL CONDITION
turn, character of 9 a
drilling Holel o
PURP! 3 1 AILY SUMMARY QF DR OPERAT 71 NOTE: LOG BASED ON ROCKBIT CUTTINGS.
(1) TEMPERATURE GRA- ,- 1 1 0-25.0"
DIENT. 9,2’_ 0 10-13-78: RIG MOVED TO SITE FROM SUZY-5, 3 A v Al T
- 1 RIGGING UP, Tw FTS PER DAY. 1
(2) GEOPHYSICAL PRO /5 ] 0 SHIFTS PER D Jo-14; §I Y CLAY. SoIL, RED BROWN
PERTIES. 4 SECURE FOR WEEKEND., 1 SLicHTLY SaNDY.
50— 10-16~-7 ONTIN A ]
(3T)IgEDLOch EVALUAH 50 - 81 MSD UED RIGGING UP AND MIXING 56414-23": SAND. FINE TO COARSE, PREDOMINANT]
(4) PIEZOMETRIC OB- 3 10-17~78: DRILLED 9-5/8 INCH ROCKBIT HOLE ] :_;; 5;’:‘;;&25053;’:;”'::LTCI)SE;?;ED;“;E:;CET_
SERVATION. 3 TO 27'. DOWN 6 HOURS TO REPLACE 3 ' ' ’
p SWIVEL AND REPAIR MUD PUMP 1 SPARS. SUBROUNDED TO SUBANGULAR; IN-
CITY OF ~ ] CREASE IN DARK BROWN FAT CLAY BELOW 20'.
LANDOWNER: b '
] 10-18-78: DRILLED TO S2°'. DOWN 1 HOUR TO p .
SusANVILLE, CA 00— REPAIR MUD PLMP. 100423-25"'t  DSAND AND GRAVEL, FINE SAND TO
NEL ek 7 ] FINE GRAVEL, MULTICOLORED, ANGULAR TO Sug|
LOCATION: NE . NWg 5 10~19-78: DRILLED TO 63' AND CEMENTED IN 8" { ROUNDED VOLCANIC AND GRANITIC SAND. GRA-
SECTION 5, T. f‘? N., 3 SURFACE CASING. MODIFIED AND RE- J VEL WEATHERED VOLCANIC. CONSIDERABLE MED]
R. 12 E. 20X20' PAR+ b PAIRED RIG AFTER RUNNING CASING. { 1IUM TO DARK BROWN CLAY.
CEL BETWEEN SHASTA ] ]
AND SIERRA STREETS. P 10-20-78: DRILLED TO 167' WITH 6-1/2" ROCK 3 25.0-282"(?)1*
£S0— BIT. SECURE FOR WEEKEND. 1507 PLEISTOCES T AN T,
PrRILL RIG: p 10-23-78: DRILLED TOQ 255', ST CIRCULATION, J ¢ P
FAILING 1500 3 ! Lo ULATT J25-32': BASALT, BLACK, HARD, ANGULAR FRAG
B 10-24-78: ATTEMPTED .TO REGAIN CIRCULATION. =] MENTS, POSSIBLY COBBLES TO 29', AND FLOW
- - .
PRILLING METHODS p 10~25-78: ATTEMPTED TO REGAIN CIRCULATION. ] BELOW 29°.
ROCKBIT DRILLED 1 132-38": SANDY CLA MEDIUM RED-BROWN, SOFT]
P00 — 10-26-78: DRILLED TO 287' H MAJOR M b 0o ¢ y v
USING BENTONITE MUO b Loss 2877 wIT o 1 WITH MINOR PREDOMINANTLY FINE WITH MEDIUM
AND LOST CIRCULATION 6,/,,_ M 1 VOLCANIC SAND.
MATERIAL AS NEEDED. |92 1 110-27-78: CONDITION MUD AND HOLE. CLEAN UP i I av. FINE TO COARSE
0-63': 9-5/8" ROCK- RB ] SITE. SECURE FOR WEEKEND. 1 o ) '
BIT FOR INSTALLATIGN ] 4 BLACK, VOLCANIC GRAVEL IN A MEDIUM RED-
OF 8" SURFACE CAS— ] 10-30-78: DRILLED TO 367'. ] BROWN, SOFT CLAY MATRIX.
ING, F503 F59341-50' s SANDY CLAY, MEDIUM RED BROWN, SOFT
] 0-31-78 R ', 4 :
63-769': 6~1/2" ] 10-31-78:  DRILLED TO 547 1 WITH FINE TO MEDIUM, OCCASIONAL COARSE
ROCKBIT, 9 4
b 11- 1-78: DRILLED TO 693°. 3 VOLCANIC'SAND. INCREASE IN COARSE SAND
R 4 BELOw 47°.
DRILLING CONDITIONSY .
0-16't FAST AND ] 11— 2-78: DRILLED TO 769°' T8TAL DEPTH, 150-62': CLAYEY GRAVEL. FINE SAND TO
SMOOTH, 300 CONDITION HOLE FOR LOGGING. Boe4 COARSE GRAVEL, PREDOMINANTLY VOLCANIC,
16-26': MeDIWM sPEed, 4 ' ] ANGULAR TO SUBROUNDED, WITH MEDIUM GRAY
SLIGHTLY ROUGH. ] 11- 3-78: HOLE LOGGED BY USGS. SECURE FOR ] AND RED-BROWN SOFT CLAY. INCREASE IN LI-
26-29': SLOW, ROUGH.| = WEEKEND . -] THIC FRAGMENTS AND GRAY CLAY BELOW 58'.
CAVING IN. ] Je62-66': GRAYEL AND SAND. DARK GRAY TO
-1 - - — " -
29-32'1 HARD, SLOW, | 3 O |}~ 6-78: EEQTED HOLE TO 7-7/8% SI2E TO #5 { BLACK, ANGULAR TO SUBROUNDED, FINE TO
ROUGH. p : ] COARSE; PREDOMINANTLY VOLCANIC SAND AND
32-39': MEDIUM SPEEQ ] 11~ 7-78: REAMED HOLE TO 680°. 1 GRAVEL WITH MINOR LIGHT GRAY, FIRM TO
AND ROUGHNESS. p : { soF Y. COMMON .
39-52'; MEDIWM ~ 11- 8~78: REAMED HOLE TO 768°'. PREPARED TO — T CLAY. QUARTZ
SMOOTH. ] RUN 4" CASING. J66-73': (LAY. RED ORANGE, VERY SOFT, MINOR]
. <4 -
52-58": SLOW.SNDOTH-“OO_-IJ 11- 5-78: RAN 4" CASING. ONE SHIFT, ] sawo. ’
58-63'1 SLOW,ROUGH. . : 40%173-80's CLAYEY SAND. MULTICOLORED, WEATH-
63-67's ROUGH TO b 11-10-78: NO CREWS ON SITE, ] ERED, FINE TO COARSE, VOLCANIC WITH
SMDOTH, . E R A 1 OQUARTZ, ANGULAR TO SUBROUNDED. MINOR
67-170"3: FAST A"D : p 11-13-781 PLACING GRAVEL PACK., TWO SHIFTS. p RED-BROWN. CLAY.,
SMOOTH. 4 . b L
170-282"'; MEDIUM h 11-14-78:1 FINISHED PLACING GRAVEL PACK. 180-87': SANDY CLAY. RED-BROWN, SOFT, MINOR
FAST AND SMOOTH S R : 430] SAND SIMILAR TO 73-80' INTERVAL.
L. T - -
282-304'+ No recora| 4 [t71578s :x;ED CEMENT SEAL. MOVED RIG OFF| g, 301, MULTICOLORED TO
. 4 : 4 PREDOMINANTLY DARK GRAY, FINE TO VERY
304-367"'1 MEDIUM ] ] COARSE, ANGULAR TO SUBROUNDED SAND AND
FAST. b ] FINE GRAVEL. MINOR MEDIUM GRAY, SOFT CLAY]
367-413': No record o 4 INCREASE IN CLAY BELOW 97°'.

3

EXPLANAT ION

*CONTACT BETWEEN THE PLEISTOCENE AND PLIO~
CENE LAKE DEPOSITS CANNOT BE DETERMINED
FROM CUTTINGS. THE CONTACT WAS ESTIMATED
FROM GEOPHYSICAL LOGS AND EXISTING DATA.

SHEET 1 OF 3

Mole No. SUZY-4. ...
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SUbANVILLE GEUTHERMAL_ '
PEATURE. . SUSANVILLE ANDMALY“LASSEE CaunTy PROJECT.... . INVESTIGATIONS.......... ... STATE. .. CALIFORMIA...........
~ LOCATION . . SEg NOT SHEET L. ... .. .. ANGLE FROM
HOLE NO. SUZYod. . doCRDINATES N-393,965: E.2, 373,944 . . TOTAL DEPTH. 769' ... .. VERTICAL. VeRTICAL
BEGUN.. 10-13-78  PINISHED.. . 11-1 e s
DEPTH_TOQ WATER .. NOT DETERMINED. ... . .
NOTES Type | T FIELD vISUAL™
and A - i
On water table Sizelye & £ “ CLASSIFICATION AND
levels, water re-" zewe 2 e}
turn, character of| °f| ¢ a PHYSICAL CONDITION
dri1l1 ing Holel o ) s
h 1130~150" s GRAVEL AND SAND, SUBROUNDED TO
(CONT.) 1 ] ANGULAR, COARSE SAND -AND' FINE GRAVEL wWITH
413-487's MEDIUM 3 1 MINOR MEDIUM GRAY CLAT,
ROUGH AND SLOW 1 1 . : y
487-547"; FAST, ] ]150-225": SANDY. CLAY., MEDIUM GRAY, SOFT
SMOOTH. 5501 5551 CLAY WITH SAND AND GRAVEL -OF SIMILAR COM
s47-627": No record . 1 POSITION TO 130-150' INTERVAL., GRADUAL
627-667": MEDIUM ] { CHANGE TO BLUE-GRAY CLAY TOWARD BOTTOM OF]
FAST, SMOOTH. B 1 INTERVAL. GRADUAL DECREASE IN CLAY AND
667-693"1 SLOW, ] - INC!'?EASE IN DARK VOLCANIC FRAGMENTS BELOW
ROUGH. ] ] 25 - )
693-740"1 No record |go0] 001 225-255":  CLAYEY SAND, FINE TO MEDIUM SANO
b 1 WITH COARSE, PREDOMINANTLY VOLGANIC FRAGH
740-769"': MEDIUM 643 ] MENTS. MINOR CLAY. TCTAL LOSS IN CIRCULA-]
ROUGH AND SLOW, RB.‘ . 1 TION AT 255'. ' !
{10 J255-282": SAND AND GRAVEL . PREDOMINANTLY
TIMAT N ] ] CDARSE, BLACK VOLCANIC SAND AND FINE GRA-
M—MN—QF RETURN . 650— F56-] VEL. MINOR FINE 7D MECIUM SAND 'AND BLUE-
O—MD—EM—LQSS,‘ 95— 100% : . ] GRAY cLav. CUTTINGS hEGHL_Y CONTAMINATED
265': ToTAL CIRCUAF - 1 3 BY EFFORTS TO REGAIN CIRCULATION.
TION L0SS, REQUIR-| ] 4 282(?)* ~769"':
ED 4 SHIFTS TO RE- 3 p NE LA FOSITS AN
_ GAIN. 7007 - INTERBEDDED BASALTS
255-292': 10-60% R 4282-480"': CUTTINGS AND DRILLING CONDITIONS
292-769": 90-95% p ] NOT LOGGED BY GEDLOGIST. SAMPLE TAKEN
|t . DRIL- ] | 3 BY DRILLER:AT:
ING FLUID TEMPERA- 1- ] 310': CLAY, POSSIBLE ASH, SOFT TO
TIURE (° F)a ] ] SLIGHTLY FIRM, MINOR MULTICOLORED SAND,|
59° AT 26' | 75— |75 FINE TO COARSE, PREDOMINANTLY SUBANGU-
e1° AT s52° - ] LAR VOLCANIC WITH MIMOR QUARTZ,
63° AT 78° 3 1 360': SAND,” MATICOLORED, 'PREDOMINANTLY
67° AT 107’ & B DARK, FINE TO COARSE, SUBANGULAR TO
67° AT 167" ] ] SUBROUNDED, PREDOMINANTLY VOLCANIC WITH
88° AT 167' AFTER ] b MINOR QUARTZ, MINOR PINK SOFT CLAY,
7:§E:$Ngéo. Boo—: I &“LE 480-487": SANDY CLAY. PINK, SOFT WITH SUBH
frarm at 320° report- ] 1 ROUNDED, FINE TO MEDIUM MULTICOLORED
ed by Driller. < 3 e :
950 at 480" ] J487-575': CLAY, PINK, 'SUFT, WITH MINOR FING
104° AT 567 1 1 TO MEDIUM, PREDOMINANTLY SUBANGULAR MUL-
100° AT 600" 850— ps TICOLORED, 'PREDOMINANTLY VOLCANIC SAND.
106° AT 707' ] &3 GRADUAL INCREASE IN VoL CANIC SAND BELOW
107% AT 730' h 1 sS40’ .
CAVING CONDITJONS; 7 ] 575—@12': SANDY CLAY.  MEDIUM GRAY, SOFT,
26-29': CAVING, 3 ] WITH FINE TO MEDIUM VOLCANIC, SUBANGULAR
B 4 TO!ROUNDED SAND. -COLOR CHANGE TO PINK BE-
%EEEC%FACE 700-: %267 LOW'587' AND WHITE PINK (TUFF?) BELOW
CASING CEMENTED IN- h 1 600'. SLIGHT INCREASING FIRMNESS TOWARDS
10 HOLE to 62°. = ] BOTTOM OF INTERVAL.

: ] : ' 1612-675': CLAYEY SAND, - MULTICOLORED, FINE
Gig?:al_ig:rtgezégsé 1 - ] TO COARSE, PREDOMINANTLY DARK VOLCANIC
CICAL LOGS WERE RUN |97 1 pse AND MINOR QUARTZ, SUBANGULAR TO SUBROUND-

SGS DENVER: * 1 7] ED SAND WITH LIGHT PINK, SOFT TO MODERATE
EEFI:‘U =R ] i 1 LY FIRM CLAY (OR TUFF?).- Q_AY MOSTLY
(1) ELECTRIC - ; 1 BROWN BELOW 4665'.. OCCASIONAL THIN BLACK
(2} NATURAL GAMMA ] b Zg;ﬁmli Gi?nE#EBEDS LCSSOTH::DI;ETHICK
E 1 APPROXIMATELY 625-64 LOW
g3 L
4 [v; . B
(5) TEMPERATURE ., EXPLANAT | ON
(6) CALIPER
SHEFY 2 OF 3

Hole No.  SUZY-4 .. . . ..
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GEOLOGIC LOG OF ‘ DRNILL HOLE;CONTINUATION SHEET
FEATURE . SUSANVILLE ANOMALY-- ... .. ...... PROJECT .SUSANVILLE GEQTHERMAL INVESTIGATIONS--

MOLE NO. . SUZYry,.  ~ ASSEN CONTY

CALIFORNIA
SHEET...3.0F.. 3 ..

NOTES (CONTINUED)

FIELD VISUAL CLASSIFiCATION AND PHYSICAL CONDITION (CONTINUED)

Hi

6-3/4" HOLE REAMED TG 7-7/8" , INSTALLED
735' OF 4" STEEL CASING WITH 21° oOF 2"
STEEL PIPE AND 8' OF 60 MESH WELL SCREEN ON
BQTTOM TO 764°'. GRAVEL PACKED TOD 300%,
CEMENTED UPPER PORTION OF HOLE., SITE PRO-
TECTED WITH STEEL GUARD RAIL.

675-687": GRAVEL, SAND AND BASALT. FINE TO PREDOMINANTLY COARSE, BLACK
VOLCANIC SAND AND GRAVEL FRAGMENTS. SAND ROUNDED TO PREDOMINANTLY SUBH
ANGULAR, MINDR LIGHT COLORS AND GRAY CLAY. POSSIBLE BASALT FLOW AT
LOWER, APPROXIMATELY 10'.

687-695"': SANRY CLAY, BLACK VOLCANIC SAND SIMILAR TO 675-687' INTERVAL
IN PINK GRAY CLAY.

695-726": QRAVEL AND SAND. SIMILAR TO BLACK VOLCANIC SAND AND GRAVEL IN
675-687" INTERVAL., INCREASE IN PINKISH GRAY CLAY BELOw 720°',

726-769"': CLAYEY SAND AND GRAVEL. FINE TO COARSE, SUBANGULAR TO SUBROUND

ED, PREDOMINANTLY DARK VOLCANIC SAND AND GRAVEL WITH VARYING AMOUNTS
OF PINKISH GRAY SOFT CLAY,

[lhoce 3 of 3

HOL E NO. SUZY=4. ...




60

PEATURE. .. LASSEN COUNTY pnoaxc-r “gations. California
LOCATION GROUND ELBVATION 4«171' ...... ANGLE FROM
HOLE NO... SUZY<5.... COORDINATES. N, 393,278 E.2,376. (Y TOTAL DEPTH.. 706.0' . .. . . VERTICAL Vertical. .....
BEGUR.... . 9-12-78 PIDIISHBD 10-12= G. Hollinger; ’
H TO WATER ..4.0' (9-12-78) .. . . HOLE x.oc@__y.??%’.?.’?ﬁ.",,?....P.a.,r}.%.".‘.l,. .. DRILLER..N-Tuggle; R, Swank
. NOTES me ) ) FIELD
.On water table Stzese $ E’ CLASSIFICATION AND
levels, vater rece| of g o PHYSICAL CONDITION
drilling Hole o A :
Purpose of Hole: ] - ' 1 NOTE: Log based on rockbit cut-
(1) temperature b DAILY SUMMARY OF DRILLING  OPERATIONS b tings.
gradient; (2) geo- h 9-12-78: Movedhr;g froméSUZY—l and rig up. b b 23 0
hysical properties; "4 One shift per day. B -23. .
$(>3)y geolosicpevalua- 95’(: O] 9-13-78: Completed rigging up. Drilled to ] , RECENT I%I_JLUVIAL DEPOSITS .
tion; (4) piezometrid RSB 1 15* with 9-5/8" rockbit. Down 1 E,9:0—10 : Sandy Silt with Clay: Fine-|
observation. e hour to repair mud pump. ] grained, brown, abundant mica and
] 9-14-78: " Drilled to 45'.  Down 4 hours to 1 weathered granitic material.
Landowner: Sierra h repair and replace swivel. _-‘10-20': Sand. Fine to pred\?minantly
Pacific Industries:; 9-15-78: Drilled to 55'. Down 3 hours to ] coarse, multicolored, derived fro
Eagle Lake Division; 3 locate mud pump knock. Secured b weathereq granitic rocks, abl.mdant
Susanville, CA 1001 for weekend. oo quartz_m1ca and feldspars, minor
J 9-18-78: Drilled to 72°. ] volcanics and dark brown clay,
Location: ] 9-19-78: Drilled to 80' and installed 77' ] Grains angular to rounded, predom-]
SE% NE4% Section 5, ] of 8" surface casing. Two shiftg inantly sgbroundgd. }?radationa]
T. 29 N., R, 12 E., 4 per day. Down 6 hours for deck ] contuct with sandy sxlt_ z}boye.
on lumber mill pro- ] engine repair. 120-23': Clay and Sanc_i.l Pinkish
perty. 150-] Drilled to 91' with 64" rockbit. 5] brown, ‘sqft, prednmlln:.intly coarse
] 9-20-78: Drilled to 160'. Down 7 hours to >0} Wwith similar composition to weath-
brill Rig: h repair breakout table. ] ered granitic material as above.
113 - 9-21-78: Drilled to'271'. Hole could not 4
Failing 1300 ] be advanced; rods stuck at 191°', ] 23.0-512'(?)*:
Orilling Methods: 3 Down 1 hour to retrieve casing. : PLEISTOCENE BASALT AND LAHONTAN
Rockbit drilled 1 (NEAR SHORE) LAKE LEPOSITS.
using bentonite mud 200 20“‘23 29": Basalt. Black fragments -
and additives, as 1 ] from a fiow or cobbles.
required. Three mud J29-35': Sandy Clay. Dark brown,
pits used. 6‘"‘ -1 soft, fine-grained. -
0-80': 9-5/8" rock- RB: 135-40': Clay. E;(i)ght g;ﬂy grading
bic for installation ;o] booda0 5 mama ooy “oatk brown,
60-706": 64" mc,j b O 9-22-78:  att ted t 1 a s -] hard, fine-grained; minor sand.
bit ] ¢ Attempted to pull rods. becure Ja8-58': Basalt. Black fragments,
) P site for weekend. = -] minor dark gray and brown clay.

. . ] 9-25-78: Twisted off rods. Fishing. One 158-60': Clay. Light brown, fat,
DN o oney ] shift. Jco-62': Basalt. Hard, with minor
0-15%: Very fast ;3457 9-26-78: Fishing. Equipment maintenance. [308] <5ft medium—brown clz'iy.
ig::?::;t and . 9-27-78: ';vivzhi:;fcs. 162-77': Sand and Conglomerate.

i 1 : SN ) ] Black and gray, firm with moderate-
smooth, squeezing . 9-28-78: Fishing, Recovered fish. J 1y firm to soft clay Occasional
at 45'. ] 9-29-78: Prepared site to continue drill~ ] secondary white to yéllow calecite
23-30": Slow and 1 ing. Down 7% hours to repair rig. 1 (?) and quartz (?).

uan 350 Secured for weekend. 356}77-80': Clay. Red-brown, 'soft
45-91': Slow and 1 |10- 2-78: Drilled to 377'. Down 1 hour to 1 '§ith decomposed basalt (?)
rough to very ] repair truck and drill. 18c-95': Basalt and Clay. Black vol-
rough. ) 3 10- 3-78: Drilled to 512'. Down 3 hours to | J caonie fFagments, minor red-brown
9ter];i(£y.sizze::1;ast ; . replace kelly cable. E ;;ﬁ(’;rbsgzrizss ‘than 6 inches thick,
1;3‘31:!3??:2123 tzugr 400 408195-104': Clayey Sand. Dark gray to
medium speed, b . black, subangulax." to angular, fine
smooth to rough. 3 ] to coarsefztvo%canlc sand with light
i ] -4 gray, so clay.
1?3‘_’?:??9 from 3 3104—155': Sand and Conglomerate.
160-220': Hard, slow 4 1 Light to dark gray, fine to very
rough. 450 458] coarse, angular to subrounded,
220-271': Intermit- ] 4 mostly volcanic grains and frag-
tently smooth and - , ] ments in a light gray clay matrix,
fast to slow and n -] Grain size decreases below *120°,
rough. ] 1 Considerable lncrease'a in gray- )
271-316': Medium ] ] brown clay below 136'. prill actiog
i EXPLANAT ION *Contact between the Pleistocene
and Pliocene lake deposits cabnot
be determined from cuttings., The
contact was estimated from geophy-
sical logs and existing data.
- Sheet 1 of 3
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GEOLOGIC LOG OF DRILL Hore

Susanville Geothermal

PEATURE SUSANVILLE ANOMALY--LASSEN COUNTY PROJECT.. Investigations e  STATE.. . California
suzy- LOCATION S . GROUW BLEVATION 4171 I ANGLE PROH vertical
HOLE MO, . COORDINATES. N.393,278; F.2,316,886. ... TOTAL DEPTH. . 706.0' _  VERTICAL. Yertical
BEGUN.. 9-12-78 PINISH!:D..J.Q.,LZ.?B o G. Hollinger;
H TO WATER ..4:0' (9-12-78)..... HOLE LOGGED ByR: TVrner: J. Darling ppyjpgg M: Tugdte: R. Swank
"“”“ms T ]
On water table Sizelpe $ kK CLASSIFICATION AND
levels, water re- of ) o PHYSICAL CONDITION
turn, character of 4
drilling Hold «
Drilling Conditions 1 |DAILY SUMMARY OF DRILLING OPERATIONS (Cont):| ]104-155' (Continued): alternating
(Cont.) ] 10- 4-78: Drilled to 562'. Down % hour be- ] between rough and smooth every few
271-316"' (Cont.): 3 cause of fuel pump problem. - inches below 141°'.
speed and smooth. ] 10- 5-78: Drilled to 576'. Hole geophysi- 1155-160': Sandy Clay with Volcanic
316-327': slow and b cal logged by USGS. ] Fragments. Brown to red brown,
rough. 5504 |10- 6-78: Drilled to 612'. Secured for 3- [5584 fine-grained, soft with increasin
327-340': Slow to ] day holiday weekend. ] black volecanic fragments toward
medium and smooth o 1 1€G"'.
to slightly rough. |gj] ~160-179': Conglomerate and Clayey
340-350": Squeezing,\gg ] g ] sand. Rough and smooth alterna-
slow and smooth. b 1 ting layers, predominantly fine td
350-442': Medium 600 606 coarse, black volcanic fragments
fast to fast and ] 0 |10-10-78: Drilled to 646'. Down 6% hours ] with minor multicolored fragments,
smooth, 1 fishing for twisted off rods and ] and angular to subangular with
442-482': Intermit- 4 mud pump problems. < minor subrounded grains. Clay
tently smooth to ] 10-11-78: Completed drilling to 706'. Down ] soft, brown to gray, increase in
rough. b 2% hours to repair tower cable ] brown clay below 174",
482-512"': Medium 650': roller and kelly. 6564179-182": Sandz C]?Lx. Light medium
rough to rough, ] 10-12-78: 1Installed 2-inch pipe and com- ] brown, soft,
slow with some cav- b pleted hole. 1182-199': DPebble Conglomerate and
ing. , | 3 10-13-78: Moved rig from hole to SUZY-4. - Clayey Sand, Similar to 1601179'
512-542': Slow an h ] Tnterval with common brown clay
smooth to rough. b 11-5-78: BOTTOM PCIRTIC').N OF HOLE GEOPHYSICAL 1199-203':  Sandy Cla Fine to med-
542-609': Hard, 706 LOGGED WITH * THROUGH CASING™ ME- 15461 "jum volcanic sand in medium brown
slow and rough. - THODS BY USGS. ] soft clay.
609-612': Rough. b J203-220': Pebble Conglomerate and
612-621': smooth and| ] - Clayey Sand. Angular to subround-
fast. ] ] ed, fine to coarse, predominantly
621-646": Slow, hard b 1 black basaltic with minor
and rough. 7504 756 multicolored fragments in medium
646-677': Medium ] 1 gray to brown clay. Gradual
speed to fast and 1 1 change from conglomerate to sand
smooth to slightly ] —~ toward 220,
rough. ] J]220-230': Clayey Sand. Fine to
677-700"': Rough and g 1 coarse, angular to subrounded, pref
slow, 800 808{ dominantly dark volcanic sand with
700~706': Fast and b ] medium gray soft clay, minor gra-
smooth. e b vel.
3 J230-261': Sand. Fine to coarse,
Estimated Drilling 7 1 angular to subrounded, predomi-
Fluid Return: 4 1 nantly dark volcanic, minor clay.
0-55%*: 95-100% 856 850{261-265': Sandy Clay. Fine to
55-639': 100% b ] coarse volcanic sand with medium
639-706": 90-100% E 1 brown, soft clay.
. J265-271': Sand. Fine to coarse,
Representative Drill- - ] angular to subrounded, predomi-
ing Fluid Tempera- B 41 nantly dark volcanic, minor clay.
tures (OF) 9003 90e271-295': Clayey Sand, Multicol-
647 at O? ] ored, fine to coarse, angular to
168° at 55' after 1 subangular, predominantly volcanic
60 hours downtime 3 J in medium gray-brown to pink soft
64° at 64' . ‘] clay. Minor gravel.
67° at 91" after 4 1295-347': Gravel and Clay. Multi-
8 hours downtime. |g5g7 95e] colored, unconsolidated, fine sand|
60° at 100’ ] ] to fine gravel; angular to sub-
64° at 141' after . 1 rounded. Clay is gray-green to
1 hour downtime 3 J 1ight gray. 1Increase in gray-
70° at 170’ b 1 brown clay from 335-347'.
75° at 215° 347-357': Clayey Sand, uulticolored‘
80° at 27Q'

EXPLANAT TON

FEATURE: Susanville Anomaly--Lassen Tounty

PROJECTT SusapyTIe Gearperaat
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FEATURE . SUSANVILLE ANOMALY--

GEOLOGIC LOG OF

DRiILL HOLE-CONTINUATION SHEET
. PROJECT. Susanville Geothermal, Jovestigations. ..

Casing Record:
77" of B" surface steel casing perma-

hently installed in hole from 3-80'; 10"
xasing, surface to 5', cemented in around
B" casing.

Geophysical Logging:

The following geophysical logs were
lrun by the USGS, Denver Office:

(1) Electric

Natural Gamma

Garma Gamma

Neutron

Temperature

Caliper

1
(2)
(3)
(4)
(5)
(6)

Hole Completion: 2" steel pipe using
centralizers with 8' of 60-mesh well

kcreen on bottom instailed to 699°',
vith the bottom, approximately 200'
ravel-packed. Top portion cemented
in. Site protected with steel guard
rail.

N LASSEN COUNTY’
HOLE NoO. . SUZY-5 SHEET. >, OF. ...
NOTES (Continued) FIELD VISUAL CLASSIFICATION & PHYSICAL CONDITION (Cont.)

Regresentatiye Drilling Fluid.Temperatures 347-357' (Continued): but predominantly dark voleanic, fine

7é F!ggg?tuwed) to coarse, anpgular to subrounded, c¢lay. Mcdium gray-brown.
at

kB1° at 357 357-481': Sandy Clay. ‘Multicolored, finc 10 coarse, sub-

86° at 440" angular to subrounded, abundant medium grav-brown soft

bg° at 512' after 8 hours downtime clay. Increase in basalt fragments and docorcase of light

05° at 562' after 8 hours downtime colors below about 462",

P6° at 602' after 8 hours downtime 481-512': Gravel. Predominantly basaltic, subrounded to

P6° at 632' angular fragments, minor light colors decrcasing toward

p6° at 700" 512'. Hinor clay.

512(7)% -706.0":
PLIOCENE LAKE DEPOSITS AND INTERBEDDED BASALTS,

512-521': Clayvey Sand. Angular to subrounded, predominant-4
ly dark volcanic sand with blue-gray clay increasing below
516",

521-609"': Basalt. Black angular, hard fragments, minor
sand and c¢lay., Occasional thin light grayv c¢lay seams,
Very minor light-colored fragments.

609-642': Clayey Sand. Dark, mostly black, volcanic, angu-o

to subangular,
fragments and

predominantly angular
multicolored lithic

lar to subrounded,
Fine to coarse. Some

quartz. Variable amounts of gray to gray-brown clay in
thin layers.
642-64G" : Sandstone (7). Subangular to subrounded, light

gray, fine to medium, silicic-cemented with common basal-

tic fragments, minor brown clay.
(646-675" Sandy Clay. Medium gray to chocolate brown,
soft, minor multicolored, fine to medium, predominantly

subangular sand.

675-706': Clayey Sand.

volcanic, fine to coarse,
quartz with gray-brown soft clay.
and fine gravel below about 682',

Multicolored, predominantly dark
angular to subrounded, common
Increase in coarse sand

Sheet 3 of 3
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LS-1264-A (4/75)

GEOlOGIC LOG_OF DRILL HOLE

Susanv111e Anomaly-~- . Susanville Geothermal
PEATURE .. Lassen County ... PROJECT...... Investigations. . . <. STATE. Califarnia. . ..
LOCATION See Notes GROUND ELEVATION .. . ANGLE PROM

HOLE NO. SUZY-6... cooRDINATES N,392,883: E.2,375,452 TOTAL DEPTH 624.0' . VERTICAL.. Vertical.

BEGUN . 11-16-78 rmISHzn._..l...Z_Q..Z‘?._, G. Hollinger: Tuggle, Parrell,

DEPTH TO WATER Not determined . . .. HOLE LOGGED By R.Turner;L.Phillipsppypppr VanEtten, Skaggs,

Type| FIELD WAYrEn
NOTES and 2 =

On water table Sizepe ¢ £ CLASSIFICATION AND

levels, water re- of 6 o PHYSICAL CONDITION

turn, character of @

dril 1 Hole o
&‘Lf.%?w 1 DAILY SUMMARY OF DRILLING oPERATIONs| JNOTE:. Log based on rockbit cuttingj

) Temperatureg b - 1 0-491
gradient; (2) geq. ] 11-16-78: Moving and set up, one ~+ RECENT SOIL AND ALLUVIAL DEPOSITS.
physical proper- /24_ 0 shift per day, E
ties; (3) geolog+ RB 11-17-78: Complete rigging up, se- ]10-12': Silty, Sandy Clay. Soil medd
ic evaluation; N}j cured for weekend, 53] ium brown to yellow with thin
(4) piezometric b 11-20-78: Drilled 12" rockbit hole{”™ { sand-pebble beds of predominantly
obsetvation, p to 22', two shifts per ] subangular to rounded, fine to
3 day, down 1 hour to re- 1 very coarse, -dark volcanics.
Landowner: Dr., b pair light plant, 4 ..
Beramaor. | 3 | menors Briiia’s Bl on o | 077250 Glay. mescbron, o, wion
Sturges; City of )y hours fishing for tw%StEd10& rounded, multicolored lithic frag-
Susanville lease,| “ off rods and to repair 1 ments .
3 chuck. P °
Location: SWXk ] 11-22/27-78: Rig down for repair, J15-21': Sand and Gravel. Predomi~
Sec., 5, T.29 4 11-28-78: Drilled to 32°'; down 1k {1 nantly fine to very coarse, sub-
N., R. 12 E, ] hrs to repair chuck. ] rounded dark volcanics and red-
150 11-29-78: Drilled to 42'; down 5 hrsl5é brown, weathered volcanics. Com=-
Drill Riqg: b fishing and repairing rigf~ 4 mon cuartz and multicolored lithic
Fa111nq ?500 3 11-30-78: Drilled to 58'; installed| ] fragments,
3 10~-inch surface casing;: = .
Drilling Methodsq 4 down 1 hr to repair mud .21I40" Grgvel gng Cgpbles. Angu-

Rockbit drilled lines. ] eorrae e o B verY
using bentonite 206 12- 1-78: Cemented in surface cas- Poé SOTZ::i :ostM{noar egfg¥ :g siii
mud and additivesg b ing. Worked on equip- ] c?a cs, . rr o Y

n p Y, quartz and multicolored
as required, ] ment, secured for weekend} fine to coarse redominantly sub-
Three mud pits |[gy*] 12- 4-78: No drilling: down 8% hrs | - 1 qar P Y
used. . due to drill engine elec- 4 angular sands.

0-58': 124" R8 : 0 trical problem. 140-49': Sand/Gravel., Fine to very
rockbit for per- 503 12- 5-78: Drilled to 80*' with 8%" ] coarse, angular to subrounded,
manent installa- 4 rockbit, surface casing p.50] predominantly medium-brown, sub-
tion of 10" sur- p broken and loose, ] rounded, weathered volcanics with
face casing. = 12- 6-78: Drilled to 93'; worked on] { dark gray to black volcanics as

58-624°: 8" R surface casinqg, 4 in 21-40*' interval, Common quart3
rockbit. ] 12- 7-78: Drilled to 108', rods ] minor light gray, soft silty clay/

4 stuck in hole., Down 1k b 00
Drilling Condi-~ 30 hrs to repair truck transf J 49-589¢(?)w;

tions: mission, h
0-TEv: Fast. 12- 8-78: No drilling; surface cas-| | %ﬁchRg?SiﬁEﬁgpg‘gg?M“
15-20': Slow, ing failed; secured for p CR
20-40': Very 8low weekend, ]149-83': Basalt., Black, hard, angu-
and very rough. 15 12-12-78: No crews on duty 12-11-7855§ lar cuttings with light gray to

40-42': Smooth,
hard and slow.
42-108': Slow to
wedium speed,

rough, hard;
smoother below

Casing cemented into
hole, Broke loose again
on swing, Hole not ad-
vanced,

12-13-78: Drilled to 158': down 4
hrs to repair break-out

white soft clay, possibly ash in-
terbeds,

83-98¢: Basalt. Similar to 49-83¢
interval except with increased
light gray clay.

aaaaleaiay

=

<>llllllll‘qlljlllll!PL‘.ALJLAAIJ?IAILJIIJA?

93, 40 table and truck water 08 98-120': Sandy Clay. Red-brown to
'108-16%2': Slow td pump. ] gray-brown, soft, with fine to
very slow, hard 12-14-78: No drilling. Down 7% hrs | { very coarse, subangular to round-
to very hard, : to repair break-out table, ] ed, multicolored sands, predomi-
rough. 12-15-78: Drilled to 167'; down 3.5 h nantly dark volcanics. Occasional
169~193';: Medium hours due to transmission, - thin, very coarse sands, possibly
speed and roughq45 problem, Secured for 59  cobbles.
neas, weekend. 3120-145+: Pebble Conglomerate (z)
193-244°: Slow, 12-18-78: No drilling. Down 4 hrs | J°°7 J
~ ine to very coarse, angular to
rough and hard. due to extreme weather 1 subangular, with some subrounded,
{244-295°: Medium conditions, ] multicolored but predominantly
slow and rough. |_. - e

EXPLANAT ION *Contact between the Pleistocene and
Pliocene lake deposits cannot be de-
termined from cuttings. The contac
was estimated from geophysical logs
and existing data.

| . Sheet ) of 3
o Hole WM. SUZY-6
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LS-1264-4 (4/75)

GEOLOGIC LOG OF DRILL HOLE

Susanville Anomaly--

COORDINATES. N 392,883 1
BEGUN..11-16-73. PINISHED. 1-26-77_

Susanville Geothermal
... PROJECT... Investigations
. GROUND ELEVATION.

E. 2 375 452"

' .. ANGLE PROM .
. TOTAL DEPTH. . 624.0' VERTICAL.. . Vertical
) Tuggle, Farrell,

G. Hollinger;

 STATB .California

DEPTH TO WATER .. Not determined ... HOLE LOGGED By R.Turner;L.PhillipsppyppggVanEtten, Skaggs, |
NOTES Kse N FIELD

On water table Sizd.. £ CLASSIFICATION AND

levels, water re- |° ("8 ad PHYSICAL CONDITION

turn, character of H a

drilling Holel .

Drilling Condi- ] DAILY SUMMARY OF DRILLING OPERATIONS J120-145¢ (cont.): dark voleanic
tions (Cont.): ) {Continued) ~— ) ] fragmwents with medium-gray
295-376': Slow, 3 12-19-78: No drilling. Rig down for | 1 brown to medium gray, occasiocnally]
rough and hard, 1 major repair, 1 1light gray, soft to slightly firm
376-402': Medium 4 12-;0’;8= No drié11“9i9§19 down, . ] clay. Clay content very variable.

3 12-21-78: Drilled to ', Down 5 ] ’ .

4822222?? ﬁ:g?ﬁé 5507 h;s finishing repairs. 55€’11457158': Pebble Conglomerate (2).
smooth. 8%'] 0[12-22-78: No drilling. Twisted off | ] Similar to 120-145% interval ex-

426-464': Fast RB: in hole, Secured for 3- 1 cept with increase in medium gray,
and smooth. ] dav Christmas weekend, 4 soft clay.

464-524": Slow 4 |12-26-78: Fishing, 3 shifts. J158-1887: pebble Conglomerate (2).
medigm smooth’ td g iz'gg'zg: giii:ggesofigg:' e Finelto vsrykcoaise, predeinantly
rough, 3 £=28=183 < . ] angular ark volcanics with com-

524-580': Fast 4 [12-29-78: Drilled to 384'. Secured ] mon angular, multicolored lithic
and smooth. ] for 3-day New Year's week-{ ] fragments, Locally common, white

580-590': Medium . end. _ 1 quartz, light green claystone and
slow to very 1 1- 2-79: Thawed out equipment; { red-brown, weathered volcanics.
slow, 6501 drilled to 464°. kog| Variable amounts of medium brown-

590-624': Hard b 1- 3-79: Drilled to 564': deck en-~ | 4 gray soft clay.

J ] gine clutch failed, 3
and rough, slowd 1 1- 4-79: Prepared for logaing. J188-193¢: Sandy Claystone (7).

Estimated Drill- 7 Down for clutch repair, 71 Light blue-green, soft to slightly
ing Fluld Returnd I 1- 5-79: Down due to clutch; hole ] firm claystone with light-colored

0-26': 90-95% 263 logged by USGS, Secured L g lithic fragments,

26-624': 95~100% b for weekend. 1193-240': Pebble Conglomerate (?)

3 1- 8-79: VNo drilling; rig down, ] Geologist not present at site but

Representative 3 1- 9-79: No drilling; riag down. ] drilling characteristics and one

Drililing Fluid 1 1-10-79: No drilling, rig repairs ] sample from 210' depth indicate

Temperature (°F) 1 ] completed, _ { same lithology as 158-188' inter-

520F at 22+ 7564 1-11-79: igngézfoned hole; drilled 56 val.

592? at 33 . 1-12-79: Drilled to 624', total }240-284+: pebble Conglowmerate (2)

60°F at 49’ 3 depth. Down 1% hrs to re{ J Fine to very coaxrse, angular (8

59 F at 56' p rig cables, secured for ] subrounded), predominantly dark
7: F at safé bot+ 1 weekend, ] ;ol;ag;c . fgagmeg::e:i;hv:gme

oms up atter b 1-15-79: Prepared to run casing.’ i dark brown to red, we -
approx, 80 hrs 808 1-16-79: Started running casin BB canic fragments, light green, wmod-
downtime, 1 lost casing inqhole. 9 { erately firm claystone, and ;hite,
71°F at 60'; botH E 1-17-79: Fishing for casing. B soft, to mode;at:ly firm tu‘ff,i Lo-
toms up after 7 1-18-79: Fishing for casing. ] cally common light gray to te,
12 hrs dow?time 9 1-19-79: Casing installed, riqged { soft, partially hydrated clay,
58°F at 117' % for development: secured ] possibly ash.

60°F at 135 3 for weekend. B50) .

62YF at 150 b 1-22-79: Thawed out equipment, con- :284—290': Sandy Clay {(2) Geologist]
79°F at 158+ h ditioned hole, ' 1 not at site, :
bottoms w gfte! p 1-23-79: Washed and air-jetted holed. J200-402': Pebble Conglomerate (7)
;gg::;;e rs p 1-24-79: Continued to develop hole. ] similar to 240-284°' interval with

p:d . o 1-25-79: Repaired casing. 1 occasional light tan, soft clay.
63°F at 165 . 1-26~79: Attempted to cement casing2C®

59%F at 188¢ - Moved rig to SUZY-7 4402-420': Ppebble Conglomerats (?)

60°F at 193° ] ] similar to 290-402°' Interval wit

74%F at 193 b 71 increase in soft, brown clay.
‘bottoms up aftes 3 1420-430': Sandy Clay. Medium gray,
dggncin;xe ‘ o0 95§ SOft clay with angular to sub-

63°F at 195¢ b 1 rounded, fine to coarse, multi-
68°F at 240" . ] colored sand.

73%F at 260° . 4430-517': Sandy Clay. Mediuw brown,
73°%F at 295! ] ] soft clay witJhL"sa'n%s as in 420~
78°F at 320° ] 430 interval. Occasionel very

EXPLANAT ION

Sheat 2 of 3

Mole Mo. . SUZY-6
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FEATURE.
HOLE No.§9r¥:ﬂ.§.

-DRILL HOLE-CONTINUATION SHEET

PROJECT )”*anuxllh.”no*herna] Investi~

qations, California

SHEET. .3..0F..3...

NOTES (Continued)

FIHNLD CLAGSTFTCATICN “MD PHYSTCAL CCMDITIGN (Continued)

cpresentative Drilling FTluid Temper-
ature [OF) {Continued):

820F at 325': hottoms up after 2% hrs
downtime.

79°F at 354°

79°F at 370°

100°F at 385': bottoms un Aafter &0
hrs downtime,

82% ar anoe

B79F at 455

1089F at 564': bottoms un after 7%
days downtime,

90°F at spev

93°% s 24

Caving Conditions:

32-34': Minor ecnvinm,

524-564': Hole scnecezing,

Casing Record: 17" steel surface

casing installed to 57' and perma-
nently cementeg into hole

Geophvysical lLogoinc:

The following aecoprhvsical loas
were run by the U3G5, Denver Office:

(1) Flectric

(2) Natural Gamma

(3) Gamma Gamma

(4) Neutron

(5) Tempcrature

{G) Caliper

Hole Completion: " steel casing
was installed to the following an-
proximate denths:
N~103': 6" blank steel casina
103-603': 6" factorv-perforated
steel casing.
603-623': 6" torch-nerfornted
steel casing,

623-624': Solid well point,
Attempt to cement in upper 102°
unsuccessful, 3itc protected with

guard rail,

A3~ multi-

colornd

"17* {Coniinued): thin, verv angular,

sands or conalomerate,

coarse,

5177240 with fine to

angular to

tratium brovn, soft,

sandy Clav,
v, malticolored,

roarse, nredominantly oo
.subrovrnded sands.

£PA-52%0: Clav, Medium brown, soft, vith minor rulii-
colernd sands sinilar to 517-524' interval {possiblv

slouahy,
L30-80a: C)

subanqular

canic sand

v-Sand,
subreunded,
with madivm brovm,

Sands Tlay,  Mediwm krown,
+o'nedinm, subangular to subrounded,
Miner qraV-qrrnn clavstone,

‘I'ulticolornd, fine to medium,
rredominantly subangular,
soft clav,

vol~

SlLA-RTN sofv clay with fine

multicolored sands.

f70-5791:  Sand. Fine
subangular to rounded,
hlack velaaniecs, Comnon tan

o coarse, nredominantlv medium,
aulticolored sand, predominanitly
zo red, wvcathered volcan-

ics, miner hrovn-nra, sof* clay, ({(Ceroloaist not a:i riq
vhen Arilled, ) :
FAAY(T)4ofA CTD.:
PLTCCEEY DAL DILGSICE AL IINTOPASDDED DAGLLTS

RRO-4070 . Dasple,  Black, sranlar, fine to coarsc cut-
rinas w1l h sAnd sinilar to 570=5°0¢ jnterval (sand DOS -
sibl slounh),

L0204 interval but much

and/or weath-

Similar to 500-E0?0
nrobably lrss fractured

Basalt.,
harder Ar:iling,
ared,

Shegt 3 of 3

HOLE NO. BU2%% .
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L5-1264-4 (4/75)

PEATURE : SUSANVILLE ANOMALY--LASSEN Oow-rv

GEOI.OGIC I.OG OF DRIL

ANVILLE “GEOTHE
. PROJECT.......AN

INYAE§T.‘.§A.T.!QN$..‘. e

L HOLE

STATE. CALIFORNIA

HOLE Mo, SUZY-7 LOCATION .. SEE. . GROURD ELEVATION. 4, 1 . ANGLE PROM
------------------ COORDIMNATES, N.392.3593 E TOTAL DEPTH _VERTICAL.. VERTICAL

BEGUN ... 1-24-79.. rmxsaxn 2-8-79.. TUGGLE s WARREN

_nzm TO m\:ga ..6,0! . HOLE LOGGED BY.R. TURNER) L. PriLLIPS nux.x.sn.i%aecs. BABBITT
NOTES ° Type FIELD VISUAL
] =

e tele Sl E cLAssIFICATION D
"Su{nhchnracter of H:fe o : a AL CONDITION
_dr ng o , .

1 ] |DAILY SUMMARY OF DRILLING OPERATIONS:| JNOTE: LOG BASED ON BUCKET-AUGER RETURN

(1) TEMPERATURE 1 [T-24-79: Tucket auger moved to site, FROM 0-50° AND ON ROCKBIT CUTTINGS
GRADIENT¢ (2) GEOPHYF 1 - 18-inch hole dug to 47'%, 3 FROM 50-735°.
s1caL ProPerTIES) |/18° ] O one shift. ] 049"

T OSIC BYALAT) ] |1-75-79: Bucket auder drilled to ] RECENT SOIL AND ALLUVIAL DEPOSITS
I 30¢ when welder £ailod, Onel  P-6't SQll. GRAV-BROWN, SILTY, a::ev.m@::—
] ‘ 1 ING TO YELLOW-BROWN SILTY FAT CLAY.
] shift, b ',
DR'S BEAMS AND 1.4 |1-26-79: Ran casing to 35'. Hole J Ar 3'. SOME FINE TO MEDILM, SLBANGLLAR,
ISTURGES 1 'scueezlnag prevented casing ] PRECOMINANTLY VOLCANIC SAND.
to be drlven further. Ce- | . }6-7': SAND, MEDIUM GRAY, FINE TO MEDIUM,
100— mented in, Rotary riqg mov- |jge{ SUBANGULAR, PREDOMINANTLY DECOMPOSED VOL-—
LOCATION: SEl of NWh b ed to site. Secured for CANICS. WATER AT 6',
SECTION 5, T.729 N, E weekend, -15's SILTY CLAY. GRAY-BROWN, FAT, SANDY
R. 12 E.1 NORTHEAST 34 - [1-29-79: Rigoing up. ‘One shift, IN PART; SAND SIMILAR TO 6-7' INTERVAL,
JOF INTERSECTION OF 1 [|1-30-79: cCompleted rigging up. 15-39'+ CLAYEY SAND. GRAY-GREEN, FINE TO
SiscIvou & EL DORADO oj Drilled 6%" hole to 55°'. v MEDIUM, PREDOMINANTLY FINE~GRAINED, DARK
[FTREETS. 15 shifts, , VOLCANIC SANDS; SILTY WITH MINOR QUARTZ
] 1-31-79: Drilled to 115'. Down 2% r AND MICA (GEOLOGIST NOT RRESENT DURING
b hrs due to mud pump prob- DRILLING,)

CALWELD BUCKET . lems, Three shifts. 39-47'1  SILTY CLAY. GRAY—GREEN FAT CLAY
AUGER AND FAILING b 2- 1-79: Drilled to 170', .Down 6 hrs WITH MINOR VOLCANIC SANDS SIMILAR TO 15-
1500 ROTARY. 1 to repair mud pump, swivel 39' INTERVAL,

200 and chuck, booje7-~49's  SAND/GRAVEL, FINE TO VERY COARSE
~ ! : h 2- 2-79: Drilled to 305', Secured SUBANGULAR, PREDOMINANTLY GRAY VOLCANIC

16 ° BUCKET AUGER 1 for weekend. SANDS WITH GRAY, ROUNDED PEBBLES, OCCA-
10 50' FOR 12" SUR-| 3  [7_ 5.79: Drilled to 405'. Down 2 SIONALLY COBBLES, PREDOMINANTLY VOLCAN~
FACE CASINGy 6-1/27 {'gg 1 hrs to start up after week- I1CS. CONTINUED GRAY-GREEN SILTY GLAY.
ROCGKBIT DRILLED US- {10 end. Down 6 hrs for day- R
ING BENTONITE DRILL |55 1 shift travel. b 69—,735 -D.:
'MUSUQ“R‘EDDA:';;;‘;? Mol ] |2- €-79: Drilled to 555'. Down 2 £
A k hrs to change bit at 515¢, N
738" TOTAL DEPTH. 3 i2- 7-79: Drilled to 335+, Ranm 7337 9-50°:  DECOMPOSED BASALT. BROWN TO RED-

- of 2 pipe with 18" sealed BROWN, GRITTY TO CLAYEY, HARD, WITH AL~
. well point to bottom, ? TERED RED AND GREEN VOLCANIC PEBBLES. F1
300 12~ 8-79: Cleaned up site, set up o} ISGSNEMW CHALCEDONY, POSSIBLY VUG FILL-
ot s oo | grigmorg averd fomtand LS paoar, o, o, s -
305-350:. 100% 3 county vara. ;n::se;;;u OCCASIONAL THIN, MEDIUM GRAY
350-405's 90X p r - L .
405-515': 100X ] 84-91's BASALT (2) AS IN S0-84" INTERVAL
515-555'1 90X b WITH LIGHT GRAY, SOFT CLAY, OCCASIONAL
350 RED, SOFT TO SLIGHTLY FIRM CLAY,
1-95': GEOLOGIST NOT PRESENT AT RIGy FAST$
j TER DRILLING.
ALK p $-115': PEDRLE CONGLOMERATIE (2). FINE TO

0-49 " Mooem*ra.v B VERY COARSE, ANGULAR TO SUBROUNDED, MuLT1}
AST AND SMOOTH. 3 COLORED BUT PREDOMINANTLY ANGULAR, DARK

49-50"s SLOW AnD 100 o GRAY VOLCANICS WITH VARIABLE AMDUNTS, 8UT

RD; RESISTED FUR- 1 PREDOMINANTLY MINOR, LIGHT GRAY TOD LIGHT

R DRILLING AT S0' 3 TAN, SOFT TO SLIGHTLY FIRM CLAY.
: - 115-135%: GEOLOGIST NOT PRESENT AT RIGs
BO0-55'+ SLOW AND HARD ] DRILLING CONDITIONS SIMILAR TO 95-115' IN}
. v VERY SLOW 3 TERVAL.,

WD VERY ROUGH, 50— R584135-170'+ PEBBLE CONGLOMERATE, (7) FINE Td
91-95%: SMOOTH, » VERY CDARSE, PREDOMINANTLY DARK, ANGULAR
b5-155's VERY SLOW ] VOLCANICS WITH LESS MULTICOLORED LITHIC
"AND VERY ROUGH, 0OC- 7 FRAGMENTS AS IN 95-115' INTERVAL.
CASIONAL SMOOTH b 170-185's GEOLOGIST NOT PRESENT AT RIGy
Z0NE. b ] DRILLING cONDITIONS SIMILAR TO 135-170'

“EXPLANAT ION

TNTERVALS
*LOWER PORTION OF HOLE BELOW $475' MAY BE
IN PLIOCENE DEPOSITS. CANNOT BE DETER-
MINED FROM CUTTINGS,

OF

EEATURE: SUSANVILLE ANOMALY--LASSEN COUNTY

PROJECTs SUSANVILLE GEOTHERMAL INVESTI,

Hole No..

.
VIY-7



LS-1264-A (4/75)

67

GEOLOGIC LOG OF DRILL HOLE

SUSANVILLE GEOTHERMAL

B3s-397': SLow aND
I INTERMITTENTLY
SMOOTH TO ROUGH,
B97-402"': MODERATELY
FAST AND SMOOTH.
ho2-613"'1 SLOW,
HARDjs INTERMITTENTH
LY SMOOTH TO ROUGH
}15-475' s ERRATIC,
SLOW TO MEDIUM
FAST, SMOOTH TO
ROUGH,
h75-480"'1 VERY SLOW,
VERY ROUGH.
h80-515': SLOW, MOD-|75
ERATE YO VERY .
515-556'1 SLOW TO
MODERATELY SLOW;
MODERATELY SMOOTH
TO ROUGH,
pss-s62's SLOW AND
ROUGH~HARD
p62-578"'+ MED1UM FAST,
SLIGHTLY ROUGH,
575-589's SLOW AND
ROUGH.
5O9-5951: MEDIUM
FAST, SLIGHTLY
ROUGH.
595-650"': SLOW TO
MEDIUM FAST, SMOOTH
TO ROUGH.
BS0—665'1 SLOW AND
ROUGH.
Fss-ns' 1 MODERATELY
FAST, SMOOTH WITH
THIN, ROUGH SPOTS,

80

85

90

ijjlllll?lL]llllllflllllllllillll‘IIIATIAJIIAAJAFAI Llllllf‘lj‘]llll?Aij

........................................... PROJECT. ....4.1.NYE.5,I1§AT,IQ'.\.5... ... STATE . CALIFORNIA .. ... ..

HOLE No. SUZY-7 1 . GROUND ELEVATION. 8 ANGLE FROM

ARV _TOTAL DEPTH. 738 . VERTICAL. VERTICAL .

BEGUN.. 1724-79 TUGGLE ;3 WARREN)

| _DEPTH TO WATER _HOLE LOGGED By R. TURNER; L. PHILLIPS ppypppr  SkaGGS: BABSITT.
NOTES :zge > FIELD VISUAL

On water table Stzele 8 E CLASSIFICATION AND

levels, water re- 2 w

5“{“1 heeeter of nzie é o PHYSICAL CONDITION

T l\§

] J1es-188": PERBLE CONG.OMERAIE (2) FIMNE TO
xség?g;; : ATERNATIN ] | VERY COARSE. PREDOMINANTLY VERY COARSE,

Slesy T > ] MULTICOLORED, SUBROUNDED TO ANGULAR. IN-

ROUGH ] ] CREASE IN SUBROUNDED FRAGMENTS. VERY MI-

SOFT TND SMDOTH, b j NOR, TAN, SOFT CLAY.

185-195" 1 HARD AND  og0. 5501188-195': SIMILAR
Lg:t_.g:;l. FAST AND h 1 TO 135-170' INTERVAL EXCEPT WITH MEDIUM
E {1 GRAY. SOFT CLAY.

SMDOTH TO MEDIUM 3 4195-217"+  SANDY CLAY. LIGHT TO MEDIUM
28:'-‘!;2;":: HARD ] ] GRAY BROWN, SOFT CLAY WITH FINE TO MEDIUM
85305 Haro. boo_: ] :uzgr«m_m TO SUBROUNDED, MULTICOLORED

NTERM 6 AND .
F Igmm%owmgomngm 6'{;“; thZlé;i:ot;:‘am&bmség;&c'AYUGHT TO MEDIUM

SMOOTH TO ROUGH. | 1o . LAY WITH OCCASIONAL RED

RB BROWN, SOFT CLAY., SAND IS FINE TO VERY

W BN

650-

aalagay

7061

3
$
U FDWE ST B

5001

[} [
“..I.HAE‘...JL,“&.L.l.;;;

475-485"1 BLACK, HARD, ANGULAR
REPRESENTATIVE DRILL195 956] CUTTINGS WITH MULTICOLORED SANDS AS A-
NG FLYID TEMPERA- 1 BOVE: PROBABLY SLOUGHING OR RECIRCULATED
éﬁé—é{-@# ] currines,

. o JeBs- %562, PaASALT., SIMILAR TO 475-485°
p7_ AT 75 { * INTERVAL EXCEPT WITH MINOR THIN INTER-
h7° AT 100! ] DS OF LIGHT BROWN TO RED, SOFT CLAY.
8. AT 135° :

COARSE, ANGULAR TO SUBROUNDED, MULTICOLOR
ED BUT PREDOMINANTLY DARK VO_CAMICS.

230-265"'t  SANDY CLAY, MEDIUM GRAY-BROUWN,
SOFT CLAY WITH FINE TO MEDIUM, OCCASIONAL]
COARSE, ANGULAR TO SUBROUNDED, MULTICOL-
ORED SAND.

265-280": SANDY GLAY AS IN 230-265' INTER-
VAL WITH INCREASE IN VERY COARSE, MUTI-
COLORED BUT PREDOMINANTLY DARK, VOLCANIC
LITHIC FRAGMENTS.

280-310"1 " CLAYEY SAND. FINE TO COARSE, AN~
GULAR TO SUBROUNDED, MULTICOLORED SAND
WITH GRAY-BROWN TO RED, SOFT CLAY, (POS-
SIBLY IN PEBBLE CONGLOMERATE AS ABOVE)

310-335':s  GEOLOGIST NOT PRESENT AT RIG)
NO SAMPLES TAKEN. DRILLING CONDITIONS
SIMILAR TO 280-310' INTERVAL.,

335-350's CLAYEY SAND, SIMILAR TO 280-310)

INTERVAL .

350-397"s LIGHT GRAY TO
BROWN, SOFT CLAY WITH FINE TO MEDIUM,
SUBANGULAR TO SUBROUNDED, MULTICOLORED
B8UT PREDOMINANTLY DARK VOLCANIC LITHIC

FRAGMENTS,

397-402's CQLAY, MEDIUM-GRAY BROWN, SOFT
WITH MINOR SAND SIMILAR : TO 350-397' IN-
TERVAL.

402-615"1 - SANDY ClLAY. SIMILAR TO 350-397°
INTERVAL, ’

415-455't SAND, ANGULAR TO SUBROUNDED,

FINE TO MEDIUM, MULTICOLORED VOLCANIC
FRAGMENTS WITH MINOR SUBANGULAR TO ROUNDH
ED QUARTZ AND FELDSPAR., VERY MINOR
LIGHT BROWN SOFT CLAY.

455~475"s  SAND, SIMILAR TO 415-455' INTER
VAL WITH INCREASE IN GRAIN SI1ZE; COARSE
7O VERY COARSE.

EXPLANAT ION

SHEET 2 OF 3

EEATUREs SUSANVILLE ANQMALY--LASSEN COUNTY

PROJECT: SUSANVILLE GEQTHERMAL INVESTIGATIONS Mele Ho..
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GEOLOGIC LOG OF DRIITL"H'(_J‘L;E—CO_N'TIN.UAATION SHEET

FEATURE . SUSANVILLE ANOMALY--LASSEN. .. |

HOLE NO. . .SU2Y=7, . CounTy

. PROJECT.-SUSANVILLE GEDTHERMAL INVESTIGATIONS,. CALIFORNIA
SHEET. 3...0F.3....

NOTES (CONTINUED)

_EIELD VISUAL CLASSIFICATION AND PHYSICAL CONDITION (CONTINLED)

ATURES (° F)+ (CONTINUED)

49° AT 150°

50° AT 185°

54° AT 230°'

57° AT 255°

55° AT 285' AFTER ADDING WATER TO MUD.
57° AT 305'

63° AT 340

63° AT 350°'

64° AT 360°'

66° AT 395°

75° AT 485"

73° AT 495', AFTER ADDING WATER TO MUD.
73* AT 500'

77° AT S515°'

73° AT 530' AFTER ADDING WATER TO MUD.
77% AT s52'

79° AT 665°

79° AT 710¢

79° AT 735°',

AT 35': SQUEEZING WHEN RUNNING CASING,
AT 135'; CAVING FROM ABOVE.

AT 150': HOLE SQUEEZING.

170-185"'s CAVING FROM ABOVE.

H
12™ STEEL SURFACE CASING INSTALLED
TO 35° (COULD NOT ADVANCE TO 50' BE-
CAUSE OF HOLE SOUEEZING), AND PERMA-
NENTLY CEMENTED INTO HOLE.

THE FOLLOWING GEOPHYSICAL LOGS WERE
RUN BY THE USGS, DENVER OFFICE. LOGS
WERE RUN IN 2" STEEL PIPE; NO OPEN
HOLE LOGS WERE RUN.

(1) NATURAL GAMMA

(2) GAMMA GAMMA

(3) NEUTRON

(4) TEMPERATURE

INSTALLED 733' OF
2" STEEL PIPE (2' STICKUP) WITH A
SEALED 18" WELL POINT AT BOTTOM. PIPE
FILLED WITH CLEAR WATER AND CAPPED.
UPPER 220°' CEMENTED IN ON 3-22-79,
SITE PROTECTED WITH STEEL GUARD RAIL.

1562-575': SAND/GRAVEL. FINE TO MEDIUM, ANGULAR TO SUBROUNDED, PREDOMINANT-
LY BLACK, ANGULAR VOLCANIC FRAGMENTS WITH INCREASE IN MULTICOLORED LITHIC
FRAGMENTS AND RED-BROWN, SOFT CLAY,

575~ %635, « SIMILAR TO 562~575" INTERVAL EXCEPT WITH SLIGHT
INCREASE IN SUBROUNDED, MULTICOLORED LITHIC FRAGMENTS,

£635-665't SANDZQLAY, FINE TO COARSE, ANGULAR TQ SUBROUNDED, BLACK TO
BROWN VOLCANIC FRAGMENTS WITH MINOR MULTICOLORED LITHIC FRAGMENTS, COMMON
GRAY-BROWN SOFT CLAY IN VARYING AMOUNTS.

665-690"s SANDY CLAY, MEDIUM GRAY-BROWN, SOFT CLAY WITH FINE TO MEDIUM,
OCCASIONALLY COARSE, SUBANGULAR TO SUBROUNDED, MULTICOLORED SAND. OCCA-
SIONAL THIN INTERVALS OF HARD DRILLING BUT ND CHANGE IN SAMPLE.

690-735", Y . SIMILAR TO 665-690' INTERVAL BUT WITH DECREASE IN SAND
CONTENT, OCCASIONAL MEDIUM TO DARK GRAY, SOFT CLAY BUT PREDOMINANTLY MED-
IUM GRAY BROWN, SOFT CLAY,

NOTE:s  GEOLOGIST NOT PRESENT AT DRILLING SITE WHILE 555-665' INTERVAL WAS
BEING DRILLED.

SHEET 3 OF 3

EEATURE s SUSANVILLE ANOMALY--LASSEN COUNTY

PROJECT: SUSANVILLE GEOTHERMAL INVESTIGATIONS

HOLE NO. N&VTT

«
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FEATURE . . ..

GEOLOGIC LOG OF DRILL HOLE

Susanville Anomaly =
Lassen County

LOCATION See Notes

Susanvi

. PROJECT. .. Geothermal Investigations  sTATE California
GROUND ELEVATION 4189.89

ANGLE PROM

rough,

31-33': Very fasy
smooth.

33-54': Slow;
rough.

54-69': Slow to
medium slow:
rough.,

69-78¢:
smooth.
75-85t: Erratic:

Medium,

very slow, very

»
lIIAVIIlJ_l?lllllllll

" EXPLANAT ION

‘LLAIIJI‘AI teaabaagy

HOLE Mo, SUZY-8 - COORDINATES N.396, 668: E.2,373,994  TOTAL DEPTH 528 . VERTICAL. Vextical. .
BEGUN.2-13-79  PINISHED. 3-95 N. Tuggle:
’_m:l'r!-l TO WATER ... .00 HOLE LOGGED By Robert L. Turner ppryyjgpp D.Warren;R, Babbitt
NOTES Type FIELD VISUAL
On water table Sizele § £ CLASSIFICATION AND
levels, water re- | 292 & . PHYSICAL CONDITION
535?1 :;aracter of Hold & NOTE: Log based on rockbit cuttings,

Purpose of Hole: ] DAILY SUMMARY OF DRILLING OPERATIONSE A 0-27.0%:

(1) temperature 1 - -7%: Failing 1500 moved to ] PILL, RECEFT SOIL, AND

gradient; (2)geod - ] site and rigged up. 7 ALLUVIAL DEPOSITS

physical proper-| 3.] [2-20-79: Delayed arrival due to bad {0-4': COEE%Ctea Man-Made Fill and
ties: (3) geolog-b4 4 road conditions., Mixed mud: ] Soil, Medium to dark brown clay-
ic evaluation. 50— 4 pits losing water, ,*j ey sand with fine to coarse, mul-

b 2-21-79: Drilled to 39* with major ticolored, subangular to subroundd

Landowner: City ] mud loss at 32', ]l ed sands.

of Susanville, 3 2-22-79: Drilled to 56'-with major 14-11': C1a§e¥ Sand. Medium brown,

3 mud loss at 41°, 4 fine to m um, predominantly aubi
7 2-23-79: Drilled to 60' with occa- ] angular volcanic sands with mediu

Location: NE¥ Swj ,/7/'1~_: sional lost circulation. loo.] brown soft to slightly firm, silty

Section 32, T.29 | p 1 2-26-79: Drilled to 90°'. 1 clay, Occasional coarse to very

N., R, 12 E., p 2-27-79: Rig down for repairs to ] coarse, subrounded volcanic sands

MDB&M, ; on south b pump engine, J111-13*: Clayey Sand. Dark choco-

bank of the Susan- A 2-28-79: Reamed to 90'; repaired ro-| { late brown; sand as in 4-11' in-

ville River, o ‘tary transmission. ] terval with dark chocolate brown
Qé,_: 0 {3- 1-79: " Cored from 90-92': zepairedm_; decomposed, volcanic sand/clay.
Drill Rig: b rotary transmission, 413-16': Sand/Pebbles/Cobbles, Dark
Failing 1500 RB: 3- 2-79: Rig down for repairs to ro-| gray, fine to very coarse cuttingsg,
- tary transmission, ] angular to subrounded, predomi-
Drilling Methodsi 1 3- 5-79: .Drilled to 113!, Hole cav- 4 nantly dark volcanics, Minor medi
5:1!!%‘ with 3 ing. ] ium gray, soft clay.

bentonite mud andi@P] 3~ 6-79¢t Drilled to 141', Hole cav- boo] 16-17*': Clayey Sand. Dark choco-

additives as re- b " ing to 125, { late brown as in 11-13' interval,

quired, Used 3 3 3- 7-79: Rig down for repairs to 117-27+: ., Sand/Pebbles/Cobbles,

mud pits. ] Kelly Chuck, ] Thinly interbedded, Pebbles and

0-90': 6-3/4" 1 3- 8~79: Complete repairs, Drilled { cobbles are dark gray to black,
rockbit, h to 152¢, ] angular to subrounded cuttings,

90-82¢t 4-1/2" |,g0 ] 3- 9-79: Drilled to 193'. Cored from|,g] Ppredominantly volcanic; sands are

diamond bit & 4 193-198°', { fine to very coarse, brown to
core barrel. ] 3-12-79: Repaired mud pump, drilled ] gray, subangular to rounded, pre-

90-%28': 6-~1/2" h to 237', ] dominantly volcanics and decom-
rockbit, 4 3-13-79: Drilled to 433°¢, 4 posed volcanics. Occasional

193-198°: 4-1/3" ] 3-14-79: Drilled to 461°* 1 flood of chocolate brown decom-
diamond bit & 200 3-15-79: Drilled to 523°, 1 posed volcanic sands/clay.
core barrel 1 |3-16-79: Drilled to 528'. Lost cir- P°°: 27-5281 (T.D.):

h culation and astuck rods in holel 1 PLEISTOCENE BASALT m.m. AN

sziiiiz.lg Condi- %'/2: , 3-17/2:;;:3 Attempted to pull out of 3 —'(——r—,—fw—mﬂ—-&.u shore D T%S

0-87: Erratic- B: 3-21-79: Pulled loose, pulled out of] ]27-31': Basalt., Light gray to
slow to fast, 3507 hole. L o] Plack, hard, angular cuttings.
smooth to roughl 4 3-22-79: 'Attempted to run 2% ‘pipe in[ Minor liqht gray clay.

8-27': Slow to Z  hole; lower stabilizer broke. 331-33*: TFractured & Weathered Ba-
medium, smooth b off, T R T | -1 salt (2). TLost circulation but
to rough. 1 3-23-79: Chased junk to bottom: ran {4 wmud turped red just before loss.

27-31': Slow; ] 2" pipe to 523', Tore down and| J]33-54': Basalt (?) Samples con-
rough to very 400} moved off site, - : hoo] taminat Y s drilling, and

scattered cuttings similar to 27-
31' interval,

54-69'(?): Samples very contamina-
ted by LCM and bulk bentonite mud
poured down hole,

69-75': Sand, Dark gray, fine to
medium, angular to subangular,
predominantly dark gray volcan-
ics with minor light gray clay.
Samplee still contnninatod with

Fine to

75-90'- Pebblen(Cobble;.

Sheet 1 of 3

FEATURE :

Susanville Anomaiy--Lassen County

PROJECT: Susamrville Geothermal Investigationyele Ne. ..

SUZY-8 ...
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L5-1264-A (4/75)

Susanville Anomaly--

PEATURE. .. Lassen County
HOLE No,. SUZY-8

BEGUN. 2-13-79

LOCATION .See. ‘Notes,

39¢
PINISHED 3=23-° 9 .

GEOI.OGIC LOG OF DRILL HOLE

PROJECT..
Sheet 1.

> 668,-..3 .2,373, »994 . TOTAL DEPTH. 528.0°' ..

Susanville Geothermal
.Inveatigatiang.. . STATE..California . ...

GROUND ELEVATION”“4189 89 ANGLE FROM
.. VERTICAL. Vertical .

N,Tuggle;

109-113+: Slow %o medium,
113-193¢:
rough to very rouqh

193-198* (Core)s Very slow

rough,

moderately r::gh to rough
237-343¢; fas

343-346":
346-373':
373-411"':
411-~-433":

Err&t!c llow rough,
Medina fut
Past, moderately smooth,
Slov, moderately smooth,
433-453': Slow, medium rough
453-473's Slou ‘'smooth.
473478+ (Corola Slow,
rough,

478-4907; SIou ‘smooth.
490-500': Very qlov medium rough,
500-528*: Slow,. Jmooth

ng FPluid Return:

8-27" 20%
27-31': 90%
31-32': 0%
32-39¢; 70%
394271 0X;
42-561 70%
6-50A; Vaydgllc lost circulation
§-527%¢ 85-9T%

£29-928¢: 0%: lost circulation,

Yo#%. circulation

idqf circulation

intermittent.

1nterm1ttent.

TQ WATER ... 34.0% .. . HOLE LOGGED By. Robert L, Turmer bpRILLERD.Warren: R.Babbity
" ROTES 4y > B FIELD VISUAL

g:v:::erw::::ete- Sizelpe ¥ g CLAQSIFICAIION AND

torn. character of| ©OF | 8 = PHYSICAL CONDITION

dril i Hold & 3

rillin Condi-~ P {75~-80' (Continued): very coarse
tiona (Cont,): %B 1o ] cuttings; angular (minor subangu-
75-85* (Cont.): b 4 lar), predominantly dark volcan-
rough. 3 { ics. Occasional medium brown,
85-86%: Slow, b ] weathered volcanicas. No clay.
smooth. =50 kno190-92' (CORE): Pebbles/Cobbles.
86~90': Erratic, P 1 Unconsolidated, poorly sorte
_very slow, very ] ] subrounded to well rounded: size
rough, . ] ] range from 3/4" to greater than
90-92':  (Core) p {1 4"; predominantly medium gray to
very slow, very 1 ] black, fine-grained basalt with
rough, 1 e 37 8urfaces commonly weathered to
92-103': Very [ 1light gray. One basalt cobble is
alow, very rough. "wesicular with opaline, secondary
103109+ Slow, reugh, . mineralization in vugs, No sand

Erratic, slow-to medium slow,

very rough.
198-237+: Erratic: slow to "medium fast,

smooth to medium,

" or clay present but may have been
. .washed away during coring.

92-987': Pebbles(COQeggg.~ Similar to 90-92*' interval,

Very minor, fine to%gedium, subangular, dark volcanic
sand, possibly slou »g from above, .

98-132': Pebbles i Yine to very coarse, angular tg
subrounded, multicolored but predominantly dark vol=-
canics, )

132-144": Cobbles(PeﬁQQEQZSand Pebbles and sand simi-
lar to 98~132' intefwval. Cobbles black, hard, angular
basalt cuttings and, iaferred from very slow very
rough drilling,

144-155"': Fine to coarse, subangular to

: Clayey Sagg,
subrounded, multicolered sands with 1ight to medium,
brown soft clay. r

155-170': Clayey S Similar to 144-155' interval
but with light gray, s#oft clay and minor light to
medium brown soft ¢iay.

170-173': Fine to very coarse, angular tqg

Claze¥ S%'
subrounded, multicofored sands with light gray, soft

clay. Minor medium’brown, soft clay.
173-193*: Clavey Sg££é~ Fine to medium, some coarse,

subangular to subrotinded, multicolored sands with
light gray, soft cl&f.

193-198' (CORE):
moderately cement
lar to subrounded,
volcanics, Pebblo‘.ﬂubangular to rounded, predominan
ly dark volcanics wkﬁh common light gray to tan,
weathered surfaces, j#'@ccasionally subrounded, red to
black volcanic cobbfss, All above loosely cemented
medium brown to wed§em gray, locally medium green,
moderately soft %o Bpderately firm silty clay.

Conglomerate., Very poorly to

198-215': Pebble C erate. Similar to 193-198' in-
terval with locally common 1ight gray to white, soft
clay.

215-232': Pebble Conglomerate. Similar to 193-198' in-
terval with minor rown soft clay.

232-238": ~{Pebble Conglomerate 2) Fine td

e subrounded, mostly dark vol-
canig fragments and ;.nd with minor multicolored,
lithic fragments, - ﬁinor light gray to vhite soft
clay.

238-260'?

Fine to coarse, angular
antly multicolored 1ithic

Sheet 2 of 3
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14=23-79, - -Logs were run in 2%

71

GEOLOGIC LOG

Susanville Anomaly--
FEATURE . Lassen County .

HOLE NO. . .SUZY-8

DRILL HOLE-CONTINUATION SHEET

OF
. PROJECT. fusanville Geothermal Investigations,
California 3
S : SHEET...3.

““NOTES (Continued)

_FIELD:VISUAL CLASSIFICATION AND PHYSICAL CONDITION (Continued)

Representative Crilling Fluid Temper-
atures Sf F): {Cont.

48° at 56

54° at 7€'

54° at 85'

60° at 92' after ¥ 90 hours downtime,
57° at.113"
57° at 125"
59 at 135'
€4~ at 143"
59¢ at 148’
64° at 153"
59° at 185°'
€8¢ at 198’
57° at 215
68¢ at 237'
61° at 260°
63°-at 273’
64° at 293’
€8 at 333'
66° at 3€0°
70 at 373' . -
72° at 413’
73° at 433'
82° at 461'
72¢ at 473’
77° at 490°
77°.at 518’
86° at 528’

Caving Conditions:
6~ : Caving sands and gravel.

Casing Record: :
No casing used. ) n

Geo hysical_Loggin
The following geophysical logs were
run by the USBR, Denver Office on_

after 140 hours downtime.

after 210 heurs dbwntime.
after *80 hours downtime.

after ¥9 hours downtime..

after 110 hours downtime

124 hours downtime.

'
’i

after

pipe: no open hole logs:run.
(1) Natural Gamma (4-23-79)
(2) Néutron (4-23-79)

(3) Temperature (6-29-79)

Hole Completion: Ran 525% of 2%
steel pipe to 523* with 2¢ st;gkr
up. Bottom of pipe sealed and.

pipe filled with clear water, Pip1
protected with steel quard rlil.

1 +415- 14350:

=

238-260! (Continued): fragments with common light gray to white
soft: ‘clay, - Minor medium brown soft clay.
260-293*: cClayey Sand, Fine to coarse, angular to subrounded,

multicolored but predominantly dark volcanic fragments, Occa-
sionally weathered red-brown, Light gray to white soft clay.
Minor white quartz, white tuff (moderately firm), and light td
medium brown soft clay. Occasionally very thin, soft red clay
beds. :
2934315¢: Sand. Fine to coarse, angular to subrounded, dark

volcanic fragments with minor multicolored lithic fragments.
Minor light gray to white soft clay.

315-355': Clayey Sand, Fine to coarse, some very coarse, angu-
lar to subrounded, medium gray to black volcanics and common
multicolored lithic fragments,

Variable amounts of light gray
and white soft clay.

355-360': Clayey Sand, Fine to
subrounded, predominantly dark
lithic. fragments.
soft clay.

360-363*: Pebbles/Sand, Fine to very coarse, angular to sub-
rounded, but predominantly angular, dark volcanlcs with minor
light gray soft clay,

363-411': Clayey Sand, Fine to coarse, angular to subrounded,
mostly dark gray to black volcanics with minor multicolored
lithic fragments, - Common but variable amounts of light gray,

' locally light brown, soft clay. Occasional very thin beds of
very coarse sand as above, possibly pebbles,

411 - *415': pPebbles/Sand., Fine to very coarse, angular to
subrounded, preaom{nantfy dark volcanic frtqnonts with minor

- multicolored lithic fragments, Minor light gray clay.

Sandy Clay. Medium red-brown soft clay with multi-

i colored angular to subrounded, fine to medium sand (not at

- site at lithologic change'},

medium, some coarse, angular to
volcanics with some multicolored,
Variable amounts of light to medium gray

1435- 4443': Clayey Sand,. Fine to coarue angular to subrounded
but predominant*y angular, dark volcanica with common multi-
' colored lithic fragments, Common flesh-colored, moderately
soft to moderately firm claystone (not at site at litholoqic
.. 'change.
%443-4501: Basalt (3)_(Possibly basaltic sand)., Fine to coarse,
i angular (very minor uubrounﬁS*f black basalt with ver minor
. flesh-colored claystone ag above (gradual litholoqy cRange).
450-453'~ Basalt (?) (Possibly Clayey Sand ), Basalt similar
! to above interval with red, soft clay (poasibly weathered vol-
, canics or ash).
453-473': Basalt., Fine to coarse, angular, black with very
- minor red-brown to medium brown clay. Some multicolored sands)]
. probably slough from above, .
473-478* (CORE) Basalt. Black, locally red-brown, vesicular in
't part, vugs filled or partially filled with flesh-colored opal

‘and white to clear crystalline quartz., Fractures healed with
~ flesh-colored moderately firm opal,

'|478-483*: Basalt., Similar to 473-478' interval.
483-500': Basalt., Similar to 473-478°' interval but harder:

i.e,, less fractured and veaicular, No change in samples.
500~528': Basalt, Fine to coarse, angular, hard cuttings with
slight increase in red-brown, slightly firm clay {(opal ?).

Less dense than 483-500° 1nterval.

Sheet 3 of 3
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LS-1264-4 (4/75)

gations

susanville Anoma?yg.OLOGlc LOG gaEVJ.]?eRGelo%lkrma'jOLE
| PEATURE. . _Lassen County . PROJECT.. Investigations _ STATE.. California.........
LOCATION . GROUND BLEVATION_,AZIO' .. ... ANGLE FROM
HOLE NO. SUZY-9_.. COCRDTNATESN.306.276: £.2,372,187... i > TOTAL DEPTH. 445,07 VERTICAL. (Vertical
BEGUN .. 3-27-79 .. PINISHED.. 4-12:79 . T o

| DEPTH TQ WATER . .Not Determined ... . HOLE LOGGED BY.. G, Hollinger; R.Turrer DRILLER....N..?‘:‘Hgle: Li.Warren

- “NOTES Type ¢ PIELD VISUAL

On water table. ;:ze:E’ g CLASSIFICATION AND
levels, water re- of | 8 3 \PHYSICAL CONDITION '
turn, character of ] ) .
- drilling Hole ot . . NOTE: Log based on rockbit cuttings,
- 3

P“ms;ef:;eﬁiﬁie 1 [pAILY SUMMARY OF DRILLING OPERATIONS:, 1 somL & RECENTOAI{EI'J\?I}.\L DEPOSITS.

gradient; (2)- geophyp ] 3-27-79: - Started rigging up; two shifts - Soil. Dark brown to black,

e eetice T - : Started rigding upi s . - sandy, silty, with fine to coarse,

‘(‘;;’a e§§§§§§ ceetuar| ] [3+28-79: Drilled 6-3/4" rockbit hole to 141} subangular to6 rounded, predominant}

'tiong ] 1-29-79:. D illed to 1161 C ] 1ly dark, partially weathered vol-

: 50—] 3o Drd . 564 canic sand and subrounded to round}

L s y 3-30-79: Rig down for 16 hours for tower 1 ed, black to red-brown, fine to
E—%ﬁ—ilecmy of 65,: and cable repair, secured for weekt coarse gravel and cobbles. Common

: 7 end. ] fine to medium, white artz, -

- RB J i . * | . 36.0-10.0': Cobbles/Gravel/Sand/Clay.
Location: SEk SE4% - 4- 2-79:; Drilled to 413'; down 4 hours to : i As in 0-67 interval with red-brown
Section 31, T. 30 b 00— repalAr kelley. L Lo soft clay.

-+ R. 12 E.; near 1 |a- 3-79: Twisted off at- 443', fishing. 10-445.0':

dntersection of S, . T PLEISTOCENE LAHONTAN LAKE

Lassen Street and _j 4- 4-79: Fishing AL Hear-Shore DE

S. P. Ratlrcad. 1 |a- 5-79: Fishing = v 110.0-17.07: Sandy Clay. Dark blue- '
: . ] 1 gray, soft with volcanmic sandl and

Drill llugz h 50— 4- .6~79: - Recovered. most of .fish; secured |50 gravel as in 0-6' interval.

Failing 1560 b for weekend. : 117.0-19.0': Clayey Sand, PJ.ne to

: . 3 4- 9-79: Fish for bit cones; dug mud pits; ] medium, some coarse, subangular to
% -] .. one shxft.,‘f T -} rounded, l?lack to réd-brown volcan{
uaing bentonite 3 4-10-79: Fishing 1 ic sand with medium gray sovf}: clay
il e o i O, SRS, O e

. . | ] . - 1 gray, soft clay with angular to
gid“git w‘;::llsp}fi:_ ] O 4-12-7%9: Hole Completed with 2" steel pipe ] subrounded, fine to coarse, black
tube inner barrel. - 4-13-79:  Rig moved off hole. -] to medium-brown volcanic sands and
stimated Drillin E . gravel, occasional black V°19?Pi°

Inuid Return: - ] cobble.

o-4457:  90-1008 P07 $507] e . o

: 65"- . 7.0-43.0': Silty Clay. Dark gray,

. L /7: 1 soft, silty, sl%gﬁtly -sandy, .with:

Drilling- Conditions:| K8 - -1 occasional very thin beds of fine

0-70': Fast to slow. ] 1 to coarse quartz:and volcanic.gra-

70-96': Medium speedj 1 vel as in 19,0-27,0' .interval.
smooth to erratic 00— Boe
(84-88': Harg, ] J3,0-55.0': Sand/Pebbles/Cobbles.

slow, smooth) i 1 1 All multicolored but predominantly

96-221': Slow to medr < dark volcanics; fine to very coarse,
ium, smwooth, ] ] angular to rounded, with brown-red

221~316': -Medium to ] ] weathered volcanics and angular,
fast. 50— B564 white ‘quartz, Continued dark gray

316-333': Fast. p ] .clay as in 27-43' intérval, de-

333-356": Medium b 1 creasing in quantity.

356~393': Slow. — —

393-443':  Very slow ] »5,0-57.0*: _Gravel /Cobbles. Simi-
and very hard, b 1 lar to 43.0-55,0' interval but
slightly rough.  hgo— joe4 -mostly dark volcanics, angular cut$

h ] tings.
] p

Representative Drilll $7.0-68.0': Sand 5ravel . Angular te

.ing Fluid Tempera- ] ] 'subrounded, fine to very coarse, t
tures (°F) 1 multicolored but predominantly darl

53% at 22' So—:E 350} volcanics: common green and red

53° at 42' 1 ] weathered volcanics and white
1° at 66' b ] . quartz,
1° at 90' 3 3

8° at 141'; bottom 7 ¥8,0-72,0': Sand/Gravel , Similar t¢
up after 12 hours 1 1 57.0-68,0' interva but with white

i 1 %o light gray aoft cl ay
EXPLANAT [ON
FLATUREY "Sysanville Anomaly--Lassen County PROJECT: Susanville Geothermal Investi- Mole No. SURY=9 .. . ..

;A
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GEOLOGIC LOG, OF-

HOLE NoO, . .3UZY-9 County”

"DRILL HOLE-CONTINUATION SHEET

FEATURE . Susanville Anomaly--Lassen . PROJECT. Susanville Geothermal Investlgatmns, California

NOTES (Continued)

FIELD VISUAL CLASSIFICATION & PHYSICAL CONDITION (Cont.)

RJy?sentanve Drilling Fluid Tempera-" | 72.0-82,0': Clayey Sand/Gravil ., Fine *o coarse, angular to

tures_jf {Continued)

64° at 156 volcanic lithic fragments, Common red-brown soft clay.

6 at 179! :

57 at 216" 82.0-110,0*: 3Sandy Clay. Gray-brown to red-brown soft clay
720 at 267' vith fine to coarse, angular to subrounded, multicolored
77° at 260" ) . sands, locally red- brown decomposed volcanxcs.

86° at 316'; bottoms up after 82 hours .

86° at 353" 110.0-132,0*: Clay. Light to medium gray, occasionally with
88° at 390° a brown cast, locally white, soft s8ilty clay with minor
95¢ at 410’ very fine to medium, subangular dark sands,

95° at 424" +,

100° at 440" 138,0-185'= Sandy Clay. White to light gray, soft clay:

10€° at 444'; bottoms up after 15 hours

Squeezing Conditions:

0-1417: Some squeezing required reaming 185 ~206,01: §EEQXTELEX- Light to medium gray<green, soft

to keep hole open.

Geophysical Logging:
~ The folTowing geophysical logs were
run 4-23-79 by the USBR, E&R Center.

Logs were run in 2" steel pipe; no open 270t -333': Sandy Clay. Medium éray; soft with slight in-

hole logs were run,

(1) Natural Gamma 333-365': Volcanics (Alupslt07l_ Medium gray-green, soft to

(2) Neutron
(3) Temperature

Hole Completion:
Installed 445' of sealed water filled

steel pipe in hole with 1' stickup, ce- - ' 365-380': Velcanicg andesite ¥) Medium gray-green; soft to

mented in at surface. Site protected with
steel guard rail, After logs run, 2"
pipe pulled on 6-26-79 and steel
plate placed over hole.

206,0- t276G,0": Sandy Clay ., Light red-browﬁ; soft with

NOTE: Top of volcanics inferred from slightly slower drill-

NOTE: Probable much recirculation of cuttings.

38C-420": Volcanlck(\ndf\lte ?). Medium-gray-green, moderatq
'420~-443"': Volecanics(indesite ?), Similar to 380-420' interd

443-4453': (core) Andesite Aggiomerate. Medium gray-green,

subrounded, red to red-brown decomposed volcanics and black

silty w1th very fine to medium, subangular to subrounded,
multicolored sands,

with minor multicolored sands. Gradual change in color.

minor fine te mediwn, muiticclored sands Gccasional thin,
light to medium gray, <ottt clay.

c.case in dark, angular, fine volcanic sands.

slightly firm, fine-grained volcanics with fine to medium,
subangular, dark volcaric sands. Minor quartz,

ing and slight increase in volcanic fragments.,

slightly tirm, fine-grained, with marked increase in multi-
colored angular to subrounded, fine to medium with some
coarse sands, possibly slough. Common quartz, occasional
red-brown decomposed velcanics, fine to medium, angular to
subround. Occasional light to medium gray, occasionally
white soft clay. Minor white calcite,

soft to firm, with minor multicolored sands as in 365-380'
interval. Minor calcite,

val but with increased nultico]ored fine to coarse, subangw
lar to subrounded sands.

hard, massive., but locally fractured (no particular direc- |
tlon) fractures healed with white calcite and clear quartz
GroundmaSb very fine to medium-grained with common secondary
calcite (white). Clasts angular to round, Qark gray green
to black, mostly aphanitic, fine to up to 1", some with
altered. surfaces, Common hornblende. -

Sheet 2 of 2
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GEOLOGIC LOG OF DRILL HOLE

Susanville Ceothermal

uusamllle Anorr.a]y--
FEATURE . . Lassen County - _PROJECT...... lnvestigations . . . . . . STATE.. California .
LOCATION See hot GROUND ELEVATION . 1210’ ANGLE FROM
< _ . o4
HOLE "°'~_‘-L-Z~Y A COORDINATES. M:396.2881 €.2,572,122 "~ pOTAL DEPTH.. _&18' . . VERTICAL.Vertical. .
BEGUN7-17-79 PINISHED.....Q—A?,.’]Q . ' G. Hcllinger; ‘N.Tuggle;R.Swank;
DEPTH TO WATER .. %18'. .. ... ... .. .. HOLE LOGGED BY . R.Turper . .. DRILLER..... .A,Velarde . .
NOTES Typel FIELD VISUAL
on w;ter table SizeN§ E CLASSIFICATION AND
levels, water re- 5 =]
turn, character of| °f| ¢ a PHYSICAL CONDITION
drilling Holel w .
Purpose of Hole: 24 R TROTE: Log based on rockbit cuttings. L1itho]
(1) Temperature 1% 1 0 DAILY gl-JMg}-\BlM%%éDRtI;tLé?feosgzl\la(g)gid up ] logic descriptions often differ from SUZY-9
gradient;(2) geodk8 ] ) (1 shift) = dye to (sjul]"face casings preventing_con;amina-
physical proper- 3 ~19-79: Comple i d mixi :twn.an arger tooth bits producing bettey
ties; (3) geologile | 7-13-79 mgzp Bﬁlﬂg?gg g? and mixing ] cuttings on SUZY-9A,
evaluation. 7 : : ] +
5?: 7-20-79: Repaired rig electrical system. - ,,,O_E'OI" .
Land . Cit /05- 0 Drilled to 22° 4 RECENT SOIL AND
e Seatville, |AB ] | 7-23-79: Drilled to 32'. Attempted to run| STREAM CHANNEL DEZOSITS
ol Susanville. - " 12% casing; welder inoperative Ju-6': Soil/Sand/Gravel/Cobbles, Med
. . ] 0d_70- aoo \ : 1 ium brown silty, clavey soil withw
Location: SE% sgt 3 7-24-79: ]I_?ra\n 12" casing to 31' and cemented 1 fine to very coarse, angular to
Sec. 321:' T. 30 *| » 00— 7.25-79: Drizﬂed to 65° /00—: rounded, dark volcanics and clear
N tercactionts 1 | 7-26-79: Drilled to 78'; made minor rig ] to milky quartz sands and subangu-
é“ti;::églg;’ oafmd ] - : repairs. ’ ' 1 lar to rounded dark volcanic gra-
s: P. Railroalld, p 7-27-79: Ran 8" blank steel casing to 78',} 1 vel and cobbles.
approx. 68' W-SW ] Cemented in 0-26', 16-34': Silty Clay. Dark gray, sofd
of SUZY-9. 1501 7-30-79: Repaired rig. so] With very fine to fine, angular tg
4 7-31-79: Driiled to 350' (2 shifts). 4 subrounded dark sand. Occasional
Drill Rig: 62“: ) 1 thin bed§ of volcanic gravgls as
Failing 1500 3 3 in 0-6' interval, common milky
RB 7 R quartz, (Very poor returns due tdg
Drilling Mcthods: ] 1 large hole and low mud viscosity)
Drilled with 2001.‘ los{34-40': Sand. Fine to coarse, somd
bentonite mud _a“d ] 1 very coarse, angular to subrounded,
additives as re- 1 i1 multicolored but common dark vol-
quired. Used . 0 - canics, white quartz and red weath-
three mudpits. 1 1 ered volcanics.
0-32': 13-7/8" ] ]
rockbit, 2501 440-55': Sand/Gravel. Fine to
32-786': 10-5/8" B ] coarse, angular to subrounded;mul-
rockbit. i 1 ticolored gravels with sand as in
78-818': 64" 3 h 34'—40' interval,
rockbit, ] 155-60': Sand/Gravel. As in 40-55'
390'394'3: ';).‘5" ;] 1 interval with occasional dark,
ggg-glésg' ‘b;:mo 300 3+ subrounded cobble and increased
thh. split tube in- 6f, . ] fine to coarse gravel.
ner barrel. RB ] ] ot _s18':
D;ié:;“ﬁ Condi- . ] PLEISTOCENE VOLCANICS
rions: b . : . _ 160-74': Basalt (7). Black, angulay,
0-6.5": Very slaw, |asp] 8- 1-79: gg;!]edgﬁ?]?zg %ocg;g? from 390- 11" hard basalt cuttings with very
I very r.'ough ] . . ] large amounts of sand and gravel
6.5-22': Medium 1 { as in 34-60' intervals, probably
fast, smooth to q J sloughing from above. Drilling
slightly rough. gk 1 much too slow for abundance of cuf-
22-32': Slow,smooth | 7z 1 tings.
to occaswnaﬂ b - 2-79: i ' i wboo]
rough. y o 8- 2-79: E:;A]ed to 454" and lost circula=posd oy 201, vyolcanics (Ash or mudflow).
32-40': Fast,smooth.j "] o 1 White to 1ight pink, soft, partial-
40-55': Slow, rough,|2% 1 { 1y hydrated clay to moderately
erratic. RB] 8- 3-79: No drilling due to no bentonite 71 firm and brittle with fine grained,
53-75': Very slow, ] at site, 1 angular to subrounded, multicolor-+
very rough, ] 8- 6-79: Orilled to 460' and twisted off. { ed lithic fragments. Continued
75-78': Slow,smooth.|* 3 © Recovered fish, “5] fine to coarse sands and gravels,
78-190": Medium to ] 8- 7-79: g;;‘n:g ::aﬁy'. Rig mud pump un- -:J probably slough.
medium fast, smoothl ] € art. : J78-89': Volcanics (Ash or mudflow).
to occasionally 7 8- 8-79: sjplicggﬁwc:ﬁ:gti; rgﬁog; Dritle ] Medium brown with pink cast, mod-
rough. . orilled to 527" Vo 1 erately firm, brittle, predominang-
1190-230' Internittent, rijlecto : s0l Ly fine grained, angylar to
EXPLANAT ION

Sheet 1 of 4
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Susanvil
PEATURE..

HOLE NO. SUZY 9A

GEOLOGIC LOG OF DRII.L HOLE

Susanville Geothermal
JInvestigations. .
| GROUND ELEVATION 4210
.. TOTAL DEPTH. . . 818! ...

le Anomaly--

_Lassen County

LOCATION .
- COORDINATES!

See Notes, . Sheet

PROJECT. ..

STATE.. Califarnia..... . ..
.. ANGLE FROM
VERTICAL Vertical . . .

807-818"': Slow to
medium, medium
smooth.

ESTIMATED DRILLING -

FLUID RETURNS:

0-390": T00%
390-454': 90-95%

| 8-30-79:
63

8-31-79:

] 9- 3-79:
] 9- 4-79:

9- 5-79:

@ 454': Lost circu-
lation.
454-467"':
@ 468°':
lation.
469-477"': 80-90%
477-602"': 90-100%
602-694': 80-90%
694-747"': 100%
747-818': 95%
NOTE: Hole making
some water, 600-818

%gresentative Drill
u empera--
tures ]EFP
at 60

95-100%
Lost circu-

~wr

|.L11.|.‘$

o
..A;l..nn?

T

9~ 6-79:

9- 7-79:

i

NN SED W

Drilled to 818' and twisted off.
Fishing. for drill string.

Fishing -for drill string; decided
to end hole at 818',

HOLIDAY.

Crew attending meeting in Folsom
and traveling to Susanville,
Recovered fish; two cones missing
from bit,

Installed 2" water-filled pipe to
818' and cemented in guard. Start
tearing out.

Completed tearing out and moving
equipment to Folsom,

BEGW71779 PI‘.“ISHED.AQT,..' N.Tuggle;R, Swank;
| DEPTH TO WATER ....=15' .. .. . ... HOLE LOGGED BY. G.Hollinger;R.Turner . DRILLER...A.Velarde ... ... ...
NOTES e
On water table ancd| & = CLASSIFICATION AND
levels, water re- | SiZert 3 E
turn, character of| °f| ¢ a PHYSICAL CONDITION
drilling Holg «
190-230" (Cont.): DAILY SUMMARY OF DRILLING OPERATIONS: (CONT) 178-89" (Cont.): subrounded, multi-
slow to fast, smoot 1 -79: Drilled to and twisted off., { colored lithic fragments.
to moderately roughl ]89-90': Volcanics, Medium-gray,
230-295': Fast, 1 1 aphanitic, moderately firm, brit-
smooth. ] 1 tle.
L] ~ -
Zg:oggz Slow, s50—] . . F%190-91': Clayey Sand (?) Fine to
395-410°: Slow, med-|, 1" ] 8-10-79: Rgtneved fish, Mud pump inopera- ] very coarse, gray-green, predomi-
fum smooth. ’ 62 tive; need parts from Folsom, ] nantly angular, some subrounded
410-465': Slow RB ] 0| 8-13-79: Repaired mud pump (1 shift) 7] volcanic sand and common pink,
smooth. ’ . 8-14-79: Drilled to 592: 1 soft clay, probably hydrated ash.
465-467": Medium, |45, 2:}2:;3: 3:}}}°‘j o 2}2. b 191-112": Volcanics (ash or mudflow
smooth, . b 8-17-79: Drﬂled to 682" 1 Medium-gray brown to pink, slightd
467-477': Slow,rough 4 : ed to {1 1ly soft to moderately firm, brit-
477-527': Medium to 4 4 tle, very fine to fine-grained mad
medium fast, smooth 1 ] trix with angular to subrounded,
527-534': Slow, " p { multicolored lithic fragments.
smooth, occasionally|ss_] y .. |
rough, ] 8-20-79: Cored to 687' and conditioned mud| ~ 4112-125': V_OL‘.’%‘L;:S-_ /1‘5 ;n 91‘1}2
584-630': Slow,rough| 3 for logging. ] 1interval, predominantly brown-pinj.
630-690': Medium, J 8-21-79: Ran open-hole geophysical logs. J125-160': Volcanics (ash or mudflow)
smooth, = — cleaned out pits, 1 Light to medium gray, moderately
690-692' :S1ow, roughFE* 8-22-79: Mixed up mud, waiting for addi- ] firm, brittle, very fine to fine
632-707': Medium, 00— tional barite from Folsom. bar—] grain matrix with angular to sub-
medium smooth, b 8-23-79: Mixed up mud; drilled to 694' and 1 rounded, multicolored lithic frag-
707-790*: Medium; E twisted off. { ments. Some primary hornblende.
smooth to occasionall- _: 8-24-793 Repaired ri.g:, retrieved fish, h 160-175': Volcanics. As in 125-
1y rough. 8-27-79: Repaired rig; run in hole. 1 '
7 4 : ' { 160' interval; predominantly med-
790-807': Slow, med- p 8-28-79: Drilled to 747'. ]
T h 3 8-29-79: Drilled to 807 J{ 1um gray-green to gray color. Somg
lum rough. 780~ : - medium-grained lithic fragments.

©
F....l..;.

...
o
| T

iaaaliasg

;..11....?).“1..:.?

950—
79°F at 160’ 3 '228- $240': Volcanics. Medium gray,
81°F at 190" 3 iz firm to moderately soft, slightly
84°F at 240' 4 e . hydrated aphanitic, with some
88°F at 290' " - dark, fine-grained, predominantly
°F at 340' . angular 1ithic fragments.

175-182': Volcanics (ash or mudflow)
Medium pink, soft an ydrated to
moderately firm and brittle, very
fine-grained matrix with fine to
medium-grained, angular to sub-
rounded, multicolored lithic frag-
ments,

182-190"':
interval wit
green, medium pink,
brown colors,

190- 1220': Volcanics (ash or mud-
flow). Medium to dark red, moder-
ately firm, brittle, very finme
grained with multicolored lithic
fragments as in 175-182' interval
$220-228': - Volcanics §Ash or mud-
flow), as in 190-220%" interval
with medium red, very fine graineq,
slightly soft to moderately firm
volcanics with few multicolored
lithic fragments,

Volcanics as in 175-182'
alternating gray-
red, medium

T EXPLANATTON

Sheet 2 of 4

Mole Neo. VO-9R




76

: FEATURE, Sysanville, Anomaly--. ..
 HOLE NO. . SUZY-9p, Lessen County

GEOLOGIC LOG OF DRILL HOLE- CONTINUN”ON SHEET

. PROJECT. Susanvme Geqothermal Investigations. ..
SHEET. .3 ..OF..4...

NOTES (Continued)

FIELD VISUAL CLASSIFICATION & PHYSICAL CONDITION (Continued)

ngresentative Drilling Fluid
emperatures (°F] {Cont.)

99° at 380

104° at 390' .

120° at 410’ after 310 hours downtime
105° at 418'
109° at 447
140° at 450'
105° at 520°
111° at 550°'
115° -at 576'
130° at 584' after
112° at 612°'

109° at 680"

112° at 747!

115° at 787'

118° at 805'

Caving Conditions
5-|0.2': Caving cobbles

73-75': Caving gravel

Casing Record:
=317 ank steel casing

0-78': 8" blank steel casing.

Geophysical logging: The following
geophysical logs were run by the USBR,
Denver Office on August 21, 1979, and
October , 1979. Logs were run in open
hole on August 21, 1979 and in 2" steel
pipe, October , 1979,

(1) Resistivity
(2) Gamma-Garmma
(3) Caliber

(4) Temperature
(5) Natural Gamma
(6) Neutron

190 hours downtime

after
adding water to mud.

after

1110 hours downtime

Ran in open
hole to 687'.

Ran in 2" water-
filled steel pipe to
818' total depth.

Hole Completion: Ran 819' of 2" steel pipe
to 818" with ¥1' stickup. Bottom of pipe
sealed and pipe filled with clear water.
Only upper 5' of pipe cemented in because
the City of Susanville may desire to use
well for testing at a future date. Pipe
protected with steel triangle guard.

2 rockbit cones at bottom of hole--
818*,

NOTE:

228- 1240 (Cont.):

$240-252': Clay. Medium gray,
minor lithic fragments as in
volcanic,

252-295"':

Calcareous in part.,

soft t
28-240-~"

slightly firm with
interval, Prcbably

Volcanics. Medium gray to medium hrown, to grav-
green, Slightly firm to firm and brittle, aphanitic to
medjum grain.d. Occasional thin, soft red clay beds; loca
ly common clear quartz and white calcite., Some coarse, an-
gular and subrounded, dark lithic fragments

295-332': Volicanics, Medium gray to gray-green,
tle, aphanitic; calcarecus in part. Occasional white,
clay: tra:. '@ white calcite,

332-350":
brown
white,

350-362"':
red-brown,
ably ush.

362-390': Volc

firm, brit-
soft

205-332" "interval with minor redy¢
Slight increase in

Volcanics, As in
to pink, aphanitic volcanics,

soft o lay,

increased
prob+

in 332-350' interval with
firm, aphbanitic volcanics;

Vulcanics, As
suft to slightly

to gray-green, soft to mod¢
erately 1irm; aphanitic with some dark, fine-grained miner-
als (Lornt...nde 7, and soft to sllghtly firm, white cal-
cite, Cuntalns medium-brown aphqn1t1c ‘olcanlcs (ash ?) as
in 350-362' interval,

390-391.3' (CORE): Andesite Agglomerate.
green to green, hard, dense,
Core shows no fractures other than coring mechanical frac-
tures but scrme slickens apparent, Groundmass:
grcen, fine=-grained., ' Clasts: Light gray to medium gray-
green, fipe-grained, angular to subrounded, size fine to up
to 3". Commor calcite veins and vug fillings; common py-
rite.

394.3-415"
terval.,

415-460': Andesite Agglomerate., Similar to 390-394.3°
val with variable amounts of light gray, soft clay,
ash. Minor tc common white calcite veinlets,

460-475': Andesite Agglomerate. Similar to 415-460°'
with increased white to clear calcite veins and reminerali-
zation (?). Minor fine-grained mafic minerals.

475-500': Volcanies. Light to medium gray, moderately soft
and hydrated tc firm and brittle, aphanitic, with common
light gray calcarecus inclusions (remineralization ?) and
clear to white calcite veinlets, Occasional white, moder-
ately soft aphanitic tuff. Occasional very fine to fine,
some medium, multicolored, subrounded lithic fragment inclu
sions.

500-500.5': Volcanics. Mud turned light gray but no change
in lithic samples-- probably completely hydrated ash,

500.5-507': Volcanics. As in 475-500'

507-511.5' (CORE): Andesite Agglomerate,
gray to gray-green, dense to fractured, fractures mostly
healed with white calcite; some slickens apparent. Ground-
mass: Light gray to gray-green, very soft and flaky to
moderately firm; can be scratched in places with fingernail
others only with knife, Fine to medium-grained, common
hornblende and recrystallized calcite. Clasts: Light to
medium gray, usually hard and aphanitic; angular to sub-
rounded,up to 3" in size. Large voids filled with white
calcite. Common pyrite,

511.5-595': Andesite Agglomerate. Similar to 507-511.5'
terval with variable amounts of white and clear calcite
veinlets,

595-630': Volcanics. Medium gray, aphanitic, moderately soff
to firm, brittle, calcareous in part (remineralization ?)
with variable but minor amounts of light to medium green minerals (saug
surite ?). Occasional subrounded, fine to medium, red-brown lithic

canics. Medium gray

Andesite Agglomerate. Similar to 390-394.3' in-

inter-

interval.,
Light to medium

in-

., possibly sloughk.

Medium gravit

intervag

Medium gray to graj-
but can be scratched with knife.

probabl}

t
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FEATURE
HOLE NO.

GEOLOGIC LOG OF DRILL HOLE-CONTINUATION SHEET

‘Susanville Anomaly--

-9A

Lassen Countyd

PROJECT.Susanville Gecthermal Investigations

SHEET. .4 .0oF... 4.

FIELD ViSUAL CLASSIFICATION & PHYSICAL CONDITIOR (Continued)

595-€2N0" ({«ntinued): fragment inclusions and occasional common, fing

| 630-652.5": Volcanics. As in 595-630' interval with increas-

groined wafic minerals. Common clear to white calcite veinlets,

ing amounts cof light to medium green minerals (sausserite ?
Less clear to white calcite: trace of white quartz. Minor
dark gray, moderately firm aphanitic volcanice,

682.5-687' (CORE): Volcanic Agglomerate. Light to dark gray
to black, hard, but can be scratched locally with a knife,
Dense but locally fracturecd tiractures and :c¢ids healed or
partially filled from two ¢vents of secondary mineralization:
White calcite t1'st and white to clear, crystal-
line quartz secondly. Matrix aphanitic, dark gray to black
with vug fillings of feldspar and calcite., Clasts light to
dark gray, hard, angular te subrounded, fine to up to 1",

687~ $702': Volcanic Agglomerate. Similar to 682.5-687' in-
terval,

*702-719": Volcanics, Light to medium gray to black, aphaniA
tic, predominantiy moderately firm, brittle with some light
to medium green minerals (saussurite ?) and minor red, sub-
rounded, fine grain lithic fragment inclusions. Minor med-
ium brown aphanitic ash with subrounded quartz inclusions.
Common clear to white calcite veinlets,

719-762': Volcanics, Similar to :702-719' interval with in-
creasingly common, white aphanitic tuff. Trace of pyrite,
epidote, bictite,

762~ :790': Volcanics, Light gray to white, some dark gray,
moderately soft to firm, brittle, aphanitic, with very com-
mon white, moderately soft aphanitic tuff with very fine to
medium grained, mafic inclusions, Trace of pyrite, locally
common epidote.

:790-818': Volcanics, As in 762-790' interval with increas-
ing dark gray to black, moderately firm aphanitic volcanics
(basalt ?).

Sheet 4 of 4 HOLE NO. SUZY=-9A
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FEATURE. ..
HOLE NO. SUZY-]
BEGUN..4~16-79

|__DEPTH TO WATER

Susanville Anomaly--
...Lassen County..

GEOLOGIC LOG_OF DRILL HOLE

Susanville Geothermal
Investigatxons
GROUND ELEVATION.. .
TOTAL. DEPTH. .647.5" .. ...

. PROJECT..

4293

.............. STATE.. California .

.. ANGLE FROM

VERTICAL . Vertical

DRILLER. N.Tuggle;D.Warren

NOTES ::'1;& W FIELD VISUAL

On water table s g CLASSIFICATION AND

levels, water re- |SiZertz >

torm. eharacter of| °f S w PHYSICAL CONDITION

drilling Hold of NOTE: Log based on rockbit cutting

R . o . . - P -
|55 TZfipZﬁatﬁri 1951 DAILY SUMMARY OF DRILLING OPERATIONS} | PILL & RECENT SOIL
gradient; (2) Geq-RB]’ ] Medium-brown, silty with fine to
4- 16-7 = y

Ph}'sj:c!(lg)prop;ar—i 1. 9: g:;li:ggzgogptfoved to site ] coarse, angular to rounded, black
ties; geologic ] 4-17-79: Rigged up { to brown volcanic sand. Common
evaluation. ] 4-18-79: Drrlled té 18', much cav- =4 VYhite quartz. Occasional sub-
Landowner: Cit 6}’: ing. ! ] rounded brown gravel and cobbles,
e 1e Y {671 | 4-19-79: Drilled to 32¢. ] 13-647.5° :

RB- |4-20-79: bDrilled to'54°. 7 erersrocens S oaR1cs AND AN
Location: SEX ] | 4-23-79: Drilled to 73'; stuck in’ ELRISTOCRNE VOLCANICS AND LAMOWIAR

Section 30 . hole at 43°. ] near shore) LAKE DEPOSITS,
5 | w0~ 4-24-79: Stuck in hole, pulled free}®—
g' 331):5‘,_{4 l}'atz ] Reamed to 17°: to open hole J13-170: B_:'as_ali. Bl?‘:k' hard, angu-
Interssction cf . for casing. i 1lar cuttings, possibly boulders.
¥, Roop and Cherdy ] 4-25-79: Reamed to 24'. Ran 8" cas-| —[17-18': Clay. Gray-brown, silty,
|rerrace roads, 3 ing to 24'. Drilled to 74'} 1 soft.
] 4-26-79: Drill 132*, Stuck in
Susanville, CA. | - 9 hzle :‘};e;opulling b‘;:. ,,_,%18-65': B_agg%_t_._ Black to medium
Drill Rig: h 4-27-79: Stuck in hole, Pulled free} | 9¥3y, locally cowmon red-brown
H{Tﬁx’;ﬁoo k . 8" casing failing, { weathered basalt, angular fine to
—_ 4-30-79: Repair rotory transmission} - ‘;::rzgnc“;:;;:gziayoiﬁa:;:_‘;aii{nmed

Drilling Methods 3 b 5- 1-79: Completed repairs, Reamed ] ’ e !

Drﬂ.rllged i3 . hole to 40' for reinstallal 1 (less than 4") beds, possibly tuff
bentonite mud and ?°~] tion of 8" casing. ¥—65-66': Clay. Medium tan, soft,
additives as re- p 5~ 2-79: Reamed to 51', Stuck pipe. {1 8ilty, probably weathered and
quired, Used twg ] 5- 3-79: Stuck in hole. Repaired ] hydrated tuff or basalt.
wudpi th - clutch and pulled free. 66 .. "

t: 6-3/4" 3 Ran 8" casing to 50', Dril}- ] -85': Basalt (Flow or bouldersz).
o;;it. -3/ ] ed to 52¢ . i Medium gray to black, angular, fi
'°§_25.:' 9.7/8" 2503 5-'4-79: Drilled to 273': cemented to coarse cuttings. Occasional mif-

H A 3 in 8" casing to 50'. ] mnor milky quartz vemlets on vug
rockbit for 65" 4 fillings.
casing. 5- 7-79: Drilled to 473', Stuck 3 .

72-132': 6-3/44 RB pipe when pulling bit. _85-105 H and(Gravel_. Pine to
rockbit--8" cas- 3 { very coarse, predominantly angular]
ing failed, ] ] but some subrounded, mostly black

0~52': Reamed |79 po— basalt with minor light to medium
for reinstalla- ] : brown, aoft to slightly firm clay.
tion of 8" casing. A J105-115': Sand/Gravel ., Fine to

132-643°: 6~ p ] very coarse, angular to subrounded
3/:;31221_;52?-“ 7 ] dark volcanics with some medium
- .ot b 1 brown, weathered volcanics. Minor

» 250 l£s0] .
s*ugfmdibitrwiarrel . ] medium brown, soft clay, occasiona
sp 111 Cn:u *] ] hard black basalt cobbles.

[+) - E 4
ong : . —J115-139*: Basalt (Flow or boulders?

I!'_z_)lodiun ] 4 Medium gray to black, fine to very
nooth to routh b ] coarse, angular cuttings, Locally|
12-85': Slow, wa-—_ ””_J common milky quartz,
rough to very 1 J139-157': Sand, Pine to goarse,
8;0\;?!5:: . E ] angular to auSrounded predominant

amooth to 1—03;1': b 5- 8~79: Pulled loose. Reset loosen} ] 1Y dark volcanics, with 1ight ‘tan

.t o ] ed 8" casing and recemented. to medium-brown, Soft silty clay.

115-132¢: Slow, o] 5- 9-79: Drilled to 615!, 1 Minor brown, weathered volcanics,

lggngsi' s1 ;'j { occasional thin, dark volcanic gra
- t Slow 2] ] wvel beds.

rough to medh’:- 64‘ 4 ]

smooth. RB -j57-159': Cobbles. Black basalt,
153-393': Mostly | 1 { hard.

. gedium fast to ]

——

e

T

-

[¢
S
L

EXPLANAT |ON
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PEATURE ..

HOLE MO, SUZY-10 .

Susanville Anomaly--
. Lassen County o
LOCATION .. See.

GEOLOGIC LOG OF DRILL HOLE

Susanville Geothermal
JInvestigations
 GROUND ELEVATION 4237°
- COORDINATES. N. 400, 625 s.z 372 595.. TOTAL DEPTH. . 647.5' .

.. PROJECT. .
Notes

STATE California... ...
ANGLE FROM
. VERTICAL. Vertical .

togroaentative
Drilling Fluid
Temperature (CF)!
H at 14°

BEGUH,..4..16 =79 ... PINISHED. 5-11-79.
| DEPTH TO WATER _Not Determined . . . HOLE LOGGED By .  Robert L. Turnerppyyppgp N.Tuggle; D.Warren
NOTES TP B - FIELD VISUAL
On water table Size: g g CLASSIFICATION AND
levels, water re- |° "8 o PHYSICAL CONDITION
turn, character of b
drilling Hold &
D:iii:n%cggzd;- ] |Paily Summary of Drilling Operations J159-162': sand. Fine to medium,
e o ] (Cont.): ] angular to subrounded, predominangy
153-393*: (Cont.)| 1 [5-10-79: Drilled to 643'. Cored from -] ly dark volcanics with medium
fast, smooth tq 4 643 to 647,5' total depth ]
occnéionally 4 . pth. { brown, moderately soft, reworked,
rough. X ] “‘j flne-grained tuff. OGcasional thL
393-473': Medium, bk . ]  coarse-grained volcanxc sand beds,
smooth, 6% J162-180': Sand. Fine to medium, an-
473-593¢: Medium, pg ] 0 J gular to subrounded medium brown
smooth to occa- E ] to medium gray, predominantly
sionally rough. 3 ] weathered and unWeathered volcan-
593-615': Slow, |, 1 kws—| 1cs. Locally common white to med-
smooth, b 1 ium brown, partially welded tuff,
615-647.5': Slow, b ) . { Trace of milky quartz, angular to
smooth to mediu b 5-11~79: Ran 2" water-filled gxpe tof 1 subrounded.
rough. 3 O omyoy1 T out and move | 4180-200': sand as in 162-TBO' in-
Estimated Drill- ] terval with increased amounts of
~ 65— light to medium brown, partially
] {1 welded tuff,
NOTE Hole mak— B ]200-238': Sand as in 180-200' interj
ing some water, 4 { val with leas tuff, Common fine
564-570°*, ] ] to coarse, angular to subrounded,
0] lm] Dblack volcanic sands.

W

o '
320 :: 38' h grained tuff. Minor soft brown
69° at 150° o =~ clay.
729 at 240' ] ]240-255': sand as in 238-240' in-
73° at 270! b 1 terval wi ncreased amounts of
66° at 273' after] p ] soft medium-brown clay.
;gf‘e’_‘fzﬁdd“’“' 1 ]255-260': Sand. Fine to medium,
weather 800— Wo—: some coar8e, angular to subrounded
67° at 350° 3 ] predominantiy dark volcanics, with
68° at 450" 1 1 red-brown to brown, weathered vol-
702 at 520°¢ 7 4 canics. Common mifxy quartz, var-
73° at 615° E ] iable amounts but minor brown soft
73° at 643' 250 e clay.
B 4260-275¢*; Clayey Sand, Fine to med
[Caving Conditionl: ] ] 4ium, minor coarse, angular to sSub-
12-32+: Caving. E * 1 rounded, multicolored but predomi-
68-72'; Caving. 7 -4 nantly dark volcanics, Common med
115-132*: Caving. 3 "1 ium brown clay, trace of milky
' o0 e quartz and white angular tuff,
Mﬂ—&fﬂ’iﬁ E 1275-306': Sandy Clay. ' Medium gray-

Installed & 1 1 brown, soft, with multicolored sani
black steel cas-| 7 3 . as in 260-275' interval, Common
ing to 52°. 3 ] light to medium gray, slightly

i1 firm, fine grained tuff, Trace of
—-—BEX——-——E—Gegn .sical Log- zoj oo quartz.

The following b ]306-335': gandy Clay, Medium brown
geophysical logs 4 4{ to red-brown, some medium gray,
were run by the B ] soft, with minor angular to sub-
USBR, Denver Of- b ] rounded, fine to medium, multicol-
fice, on 6-29-79 4 4{ ored sand, Minor light gray, fine-

238-240': Sand. PFine to medium,
some coarse, angular to subrounded
predominantly dark volcanics with

some medium brown, fine to medium-

=

n

b~

.,

EXPLANAT |ON

grain tuff,
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FEATURE. Susanville Anomaly--
HOLE NOSUZY-10

GEOLOGIC LOG OF DRILL HOLE—-CONTINUATION SHEET

Lassen County

. PROJECT. Susanville Geothermal Investigations--
California 3 3
. SHEET. . .2 .0F...~°.

NOTES (Continued)

FIELD VISUAL CLASSIFICATION AND PHYSICAL CONDITION {(Cont,)

Geophysical Logging (Cont.): Logs

Wwere run in 2" steep pipe--no open
hole logs were run:

(1) Natural Gamma

(2) Neutron

(3) Temperature

ole Completion:

Ran 647,5' of 2" steel pipe to °
647.5¢' and cut off *1' below ground
lsurface, Bottdm of pipe sealed and
Pipe. filled with clear water, Pipe
protected in water meter box cement-
led 1gto street at ground level, Up-
per -20' of pipe cemented in.

335-342': Sandy Clay. Similar to 306-335' interval with
predominantly dark volcanic, fine to medium, angular to sub-
rounded sands, Minor multicolored sand. N

342-420*: Clay. Medium-gray brown, soft with minor, predomi-
nantly dark, fine to medium, angular to subrounded volcanic
sand,

420- f4751:
fine-grain,

*475-4921: Sandy Clay. Medium gray-brown, occasionally light

gray, soft clay with fine to medium, some coarse, angular to
subrounded, multicolored but predominantly dark and red vol-
canic sands, (NOTE: Medium to coarse sand may be sloughing
from casing grout,)

492-498': Sand.
ored with minor soft, wedium gray-brown clay.
possibly slough from casing grout,

498-535': Sand, Similar to 492-498*
to pink, slightly firm claystone,
grain tuff.

535-564': Clayey Sand. Fine to coarse (minor gravel ), angu-
lar to subrounded, multicolored with common brown, weathered
volcanics, Common light gray, soft to moderately firm clay
or very fine-grain tuff. Minor medium brown soft clay.

564~570*: Sand/Gravel . Fine to very coarse, angular to
rounded, multicolored but predominantly black and red volcan}
ics, COMMON MILKY QUARTZ, WHITE CALCITE,VERY MINOR CLAYNOTE: May be
volcanic flow and rounded cuttings sloughing or recircula-
tion in mud.)

570-593': 5and (Possible Volcanic Flow)., Fine to medium, an-
gular to subrounded (possible sloughs, multicolored but pre-
dominantly black volcanics; common red volcanics and light
gray, fine-grain volcanics, Some white calcite,

593-643': Volcanics. Light gray to black, angular, hard
black basalt with light gray, soft to slightly firm, fine-
grain volcanics, possibly ash, Very common multicolored
sands, most likely slough and recycled mud, 3ome white calcite

643-647,5' (CORE): Andesite Breccia. Medium to dark gray with
local green cast, Hard but can be locally scratched with
knife, mostly dense but locally fractured (no particular di-
rection), and most fractures and voids healed with white
quartz, calcite and minor clay, some microfractures healed
with iron oxide (?). Matrix and clasts fine grain with some
calcite remineralization and green mineralization (sausser-
ite ?). Clasts fine to up to 2" in size, angular to subroun@-
ed, predominantly black to red volcanics.

Clay. Medium gray-brown, soft, with predominantly
angular to subrounded, dark volcanic sand.

Fine to coarse, angular to rounded, multicol=-
Some gravel,

interval with light gray
Minor medium brown, finet

Sheet 3 of 3




LS-1264-4 (4/75)

81

Susanville Anomaly——

GEOLOGIC LOG OF DRILL HOLE

Susanville Geothermal

. STATE. . California . .

EXPLANAT [ON

PEATURE... . Lassen. County. . . PROJECT.....Investigations .
HOLE NO SUZY-ll LOCATION See NQteS e GROUND ELEVATION 4284' . ANGLE FROM .
D COORDINATBS N.397,306; E.2, 371 270 . TOTAL DEPTH. 798. 0' . VERTICAL. Vertical
BEGUN 5-14-79 PINISHED.A 1-17-79.. N.Tuggle:D.Warren;
|_DEPTH TO WATER ..52.0%... ... ... . _ HOLE LOGGED By Robert L. Turner . ppyprgrW.Skaggs:R.Swank
NOTES T"ze 14 FIELD VISUAL
On water table 1zl 8 E CLASSIFICATION AND
levels, water re- |° °9%8 i PHYSICAL CONDITION
S:th:nracter of | ol ;c’» 2 |NoTE: gtfre ared from rockbit
Purpose of Hole: j9Z+1 Daily Summary of Drilling Operations} 1 0-798" ;
d'fe"t’er?g‘-)‘re RB4{ O 5—14¥15-7§: Moved to site ang rigged| - ] PLEISTOCENE VOLCANICS
gradient; geq- up. ] .
physical proper- | 1 5-16-79: Continued rigging up and J0-6': Soil and Fill., White to med-
ties; (3) geologic ] drilled to 23+, { ium brown, silty, clayey, with
evaluation, 507 5-17-79: Drilled to 30': ran 8" -] glass chards and very fine to
1 casing to 28.5' 1 coarse, angular to well rounded,
Landowner: Jim ] 5-18-79: Cemented in surface casing| { 1light to medium browrt, weathered
Pearson; Susan- 3 5-21-79: Added cement to casing an-| ] volcanic sand. Common clear
ville, Californid 1 i xed d 9 t o] i 1 b nded,
’ b nulas, mixed mud. 1 quartz. ccasional subrou
. 5-22-79: Drilled to 104' 4 fine to coarse, black to red-browd
Ié:ocztlonglNEﬁ Sg‘-z 50 5-23-79: Drilled to 213°'. o] Volcanic gravels and cobbles.
ection , T. 3 ]
N., R, 12 E,; W b
ao(xth of Miller 6% ] ] .
Road. R8 7 16-28*: Volcanics (ash or decomposed
b {4 flow), Red-brown, firwm to medium
D Rig: ] ] s8oft, very fine-grained with commagn
P:uingl <00 s 0 i~  very "fine to fine, black_basalt
] 4 cuttings, predominantly angular.
pPrilling Method 2 ] Occasional fine to coarse gravel
Drillgd :iﬂ\ 3 7 ] and cobbles as in 0-6' interval.
b::l:or;ite mud and ] J28-35': Volcanic Basalt, Hard,
a tives as re- b . ]l black, fine-grain angular cut-
2 - - . .
quired, Used one 00— 5-24-79: gg;l%gg.to 273'; cored fromp® tings'with thin (leas than 2%} in
long mudpit due ] = . : ] terbeds of red-brown clay:; soft t
t;: space limita- = 1 slightly firm,
tions, R p
0-30°: 9-7/8" ] 435-37': Clay. Gray-brown to pink,
rockbit for 8" 1 ] 8oft, hydrated with red-brown de-
surface casing 250~ 259~ composed volcanica and black ba-
30-5331: 6-3}4' ] ] salt. Minor milky quartz,
rockbit, wid- 3 ) ]37-54*: clay. Pink, soft, with
533-797.5': 6| 5-25-79: Drilled to 333'. ] very minor basalt, probably slough.
rockbit. e 5-28-79: Holiday, 4 +
b 154- =70*: Sand/Clay., Light brown
273-275" 4x5%5" | 200 lus4 to pink, soft clay with fine to
388-390,5°* .diﬂmﬁd;,,: ] wedium, some coarse, angular to
533-537.8% ) bit |64 ] subrounded, multicolored sands.
643 84T Paith .fﬁ-_- 0 - Occasional coarse gravel or cobbld,
Dpuli Comat w ] 5-29-79: Drilled to 388', 1 predom. black volcanics. Locally
r ng Condi- 1 ], common quartz sand.
tions: 250 ms-1%70-118': Tuff. Light to medium
T L B
i)y-z:.ot:; Mode;';ltd— p . 1 gr:{-brgmhkvezydfine-goga1n:di
ast, erratic. b . Ca8n €. ] soft an rated to moderately
3 5-30-79: Cored from 388-390.5'; 4 firm. Continued sand as in 54-70°
28-30': Slow, n5kp drilled to 400' and twist-| 1 jjyerval, possibly slough, Occa-
rough. ed off, Retrieved fish, 1 sional flood of tan soft clay,
30-35': Slow voo—] 5«31-79: Drilled to 401' and twist-”é_:» I
rough, ’ p ed off. Retried fish and 3118-121': Tuff. Light gray to lighd
35-56': Medium, 6/5,"": drilled to 438¢ after rig -3 r:d pridoninantiy :of;d hydrated
amooth, B engine repairs. q. ¢ ay, wminor multicolor sands as
5623041 Slow, AR89 0| 6- 1-79: Drilled to 447+ when Keilyl. ] in 54-70" interval, possibly
- . - h
moderately rougH, A swivel washed out, . ] . B8loug
104-133': Mediumjup—] | 6= 4-79: Replaced ‘swivel and, over- | dyomp. ABUNDANT RECYCLING OF CUTTIN
moderately rough. . .hauled mud pump. Drilled P ”
- ‘e h ‘to 454', when rig radiator| J]121-128': Tuff, Light gray-brown,
133-138': Fast, ' leaked through large hole fine-grained, soft and hydrataed t
smooth. 3 L ! o
138-213': Medium 4 6- 5-79: Repaired radiator; drilled| ] moderately fim. Minor white vei
moderately zougl." ] to 480°. ] quartz, minor fine to medium, mul-
‘ol | 6- 6-79: Drilled to 510' and twistefi ] ticolored sand,

Sheet 1 of 4
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GEOLOGIC LOG OF DRILL HVOLE

Susanville Anomaly-- Susanville Geothermal

PEATURE.. Lassen County . PROJECT... Investigationa.. ...t STATE.. G2
LOCATION  See Notes GROUND ELEVATION 4284'  ANGLE FROM
HOLE uo.,_,su_zx\ =1} cooRDINATESN E.2,371,270 " porAL DEPTH. 798.0' " VERTICAL.. Veftlcal .
BEGUN .5-14-79. . PINISHED.7-17-79. » N. Tuggle,D Harren;
DEPTH TO WATER ...52.0' . ... .. . . HOLE LOGGED By . Robert L. Turner pRrILLER¥.Skaggs:R:Swank -
NOTES 2‘; £ - FIELD VISUAL
Q
gzv:::erw::::ere- Sizdr;% N £ CLASSIFICATION AND
turn, character of| °f| ¢ g PHYSICAL CONDITION
drilling Hold & . . - .
Drilling Condi- |62+ Daily Summary of Drilling Operations 128-133': Tuff., Lid
E - - H . ght to medium
tions: (Cont,) % ] 6- 6-79: (Cont.) off. Retrieved — .
2155573+ : meatum,|° 1 9| fish and drilled to 5201, ‘{;“g;?;‘?"gémgr:‘:‘f’:‘1::3%%‘::::;3te“
| smooth. 6~ 7-79: Drilled to 533' and twisted In s' in domi t1y a 1;
273-333': Slow off. Retrieved fish and crease in predominant’y angu.ar,
smooth ’ cored to 537.8 multicolored lithic fragments in
. .81, ‘

tuff,

133-138"': laz. Medium gray-~brown,
soft, with minor angular to sub-
rounded fine to medium, predomi-
nantly dark volcanic sands.

138-162': Clayey Sand or Tuff (2)-
{Samples very contaminated). -
Clay: Soft, medium gray-brown.
Sand: FPine to medium, angular to
subrounded, some rounded, multi-
colored but predominantly dark vol
canics, Tuff:as in 128-133' inter
val, Drilling moderately rough
moderately slow,

{6~ 8-79: Drilled to 573'.
6~11-79: Drilled to 603'.

333-438': Slow,
moderately rough
438-480': Very |63"
slow, moderately R8
rough.
480-510': Slow td,
medium fast,
smooth to rough,
510-512': Slow,
rough.
512-520*: Very
slow, rough.
520-533': Slow,
rough.
533-538': Slow,
smooth.
538-550': Slow, 6-14~79: Mud pump chain drive bear-
erratic; moder- |, 1 i ings worn. Unable to drill,
ately amooth to 64" 6~15~79: Tore gown rig and moved rig
rough, 3 to Folsom,

550-~603': Slow, Raj o 6-18/22-79: Another Failling 1500 rig
moderately smooth, - being outfilled in Folsom.
603-692': Slow td ] 6-25/26~79: Moved rig to Susanville;
medium, amooth b pulled 2" pipe out of SUZY-

%l‘lllllll?Allllxlll

PP S

6-12-79: Replaced all drilling rods.
Drilled to 643°*,

6~13-79: Cored from 643-547', Drille
to 692',

i)

f

162-183*: Clay., Medium gray, soft
with medium brown, fine-grained
tuff (moderately firm).and angular
to subrounded, fine to medium,
multicolored sand

183-225': Volcanic (andesite ?).
Medium gray, very fine-grained,
soft to moderately firm cuttings
with medium~brown tuff as above,

2032 beags

;..411;..%.,..1....

to rough, Lo 9, rig up on SUZY-11, ]
692-715°: Slow, ] 6-27-79: Completed rigging up, clean- ]225-240': Volcanics. Dark gray to
smooth to slighy- ed out hole for open hole 1 black, soft and hydrated to moder-
ly rough. - : geophysical logging, . ] ately firm, brittle, Minor brown
715-797.5': Slow, ] 6-28-79: Repaired rig carburetor, 1 tuff, probably recycled,
rough (erratic)._mz' drilled to 695'. b _ . ) -
' R 6-29~79: Rebuilt rig carburetor &57240 2?8 !2&222&2%; As in 223
b ' 1 240 interval with some tan to.
Estimated Drilling pulled out of hole for tem- ] brown, soft clay
| 3 - ’ .
-Fluid Return: 1 perature logging. .
0-797.5': 90-100% B ;- 2-;23 Rig dowg fo:brepalrs.d i {248-273': volcanics. Medium brown tp
|Representative b -3fv : Rgplac:osfar uretor, dr 7 4{ tan, soft to slightly firm with
Driiling Flui 80 |7 /6-79: hee down 1 volcanics as in 225-240' interval.
T°F)l: -4/6-79: ut down. Occasional milky, angular quartz

Temperatures (F) : . . -
3335%—331———————-- 7~ 9-79: Repaired wiring on rig en

and some subrounded, fine to mediuﬁ

1)
T i

b SO : N
7o:at 60 3 7-10-79: g;?:iegrti1$33?? 715+, sand, Posgibly slough or recycled
;$° :: igg: ] ;-11‘;93 Drilleg to ;;3'5'. Hal 273-275* (CORE): Volcanics. Dark red
82° at 210 900 -12-79: gzitie E: down rzg:a as] gray to red with local green cast,
84° at 275' after p 7-13-79+ Rag 2; watZr-filled s;eel 1 dense, brittle and flakes when dry|
about 18 hours 1 - * Dipe to bottom. Started i easily scratched with knife, apha-
downtime, = segring out ¢ J nitic, fractured (no particular or}
770 at 310t ] . 3 ] ientation); fractures healed with
86° at 333* afte 3 7'16/17-79movfggpt§tggz§°§§i“g QUt and 1 white ?garéz and calcite; {ed 1Eon
about 80 hours |em— 255 tens g_a,ly 2e§,§ne {megown clay. Ex-|
dgwntime.. . J275- -300': Volcanicsg.
84° at 370' ] 1 as in cored interval (273-275'),
86° at 410 — ] Samples contamined with recycled
93" at 430° 3 4, cuttings,
950 at 447: afted 3 3%300-3307: volcanics. Medium
downtime. EXPLANAT ION

Sheet 2 of 4
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GEOLOGIC LOG OF DRILL HOLE-CONTINUATION SHEET

FEATURE. Susanville Anomaly--. . .. ..PROJECT.Susanville Geothermal Investigations--
HOLE No, .SUZY-1} Lassen County : California SHEET..3 .OF.. 4.
NOTES (Continued) FIELD VISUAL CLASSIFICATION & PHYSICAL CONDITION (Cont,)
Representative Drilling Fluid Tem- ¥300-330': (Continued) gray to gray-green, fine—grained,
peratures' (OF) (Cont.) moderately firm, brittle,
880 at 493! 330-388'¢  Volcanics. Medium gray to gray-green to occa-
92° at 535! . sionally dark red, fine-grained, moderately firm: brittld
930 at 565 with occasional minor medium gray, soft clay. Trace of
97° at 573' after about 72 hours milky, angular quartz,
QSgO:Zté:g: 388-390,5' (CORE): Volcanics(basalt ?) Dark gray to greend
) gray, hard, dense, vesicular with vugs filled mostly wit}
102 w::igg3. after about 10 hours - whité culcite, fractured (mostly microfractures with no
1038 at 646' particular crientation); fractures healed with calcite, ]
iron oxide (?) and scft brown clay. Fxtensively remineral-
101° at 643' after about 10 hours ized. Minor vglvanic Clast inclusions up to 2"
dgwntlmgb' 390.5-399': Volcanics (basalt ?) as in cored interval,
1047 at s 388-390., 5"
100° at 705°* : s0e
102° at 705' after about 130 hours - 399-403': Sandy Clay. Medium gray, soft clay with angulan
downtime, occasionally subrounded (recycled ?) fine to medium,
105° at 743 dark gray to gray-green, fine-grained sand, Possibly a
1083 at 770 brecciated interflow or weathered flow.
1107 at 797! 403-449': Volcanics., Medium to dark gray, some gray-green
. . .. and medium red, fine-grained, angular cuttings, Moderate-
gigs?_ gg:d:tions. ly firm, brittie, with variable but minor amounts of med-
¢ g. ) ium gray to red, soft clay. Very minor, subrounded,

fine to medium-size, medium gray sands, probably slough

Casing Record: '
0-28,5": " black steel casing. or recycled

449-488': Volcanics as in 403-449' interval with minor

Geophysical Logging: light brown, soft to moderately firm clay.

ru:hg f:iiog;gg gg:gh281gzéilggs were 488-495': Volcanics, Medium gray to grey-green, moderate-
Tune §7 1979 and Auv :t 20 °1§78“ ly firm, brittle, fine-grained with common medium red,

u ’ gu ’ . soft to slightly firm clay. Locally common white calcit

Logs were run in open hole on June 27,

1979 and in 2" steel pipe on August - and quartz,

20, 1979; additional natural gamma . 495-502': Volcanics. Light to medium gray, gray-green and
and neutron logs were run on black, moderately firm, brittle, fine-grained with minor
white calcite and quartz and light brown, soft clay.
:%; é::;:ﬁé;;;z ﬁ:?elzooggg, 502-533': Volcanics. Light gray-green, firm to slightly
(3) sonic soft, fine-gralned with some medium gray and black vol-
(4) caliber .canics as in 495-502' interval, Variable but miner
(5) Temperature . anounts of seft, medium~brown clay.
(6) Natural gamma iRa" in 2; 638~537,8 (CORE):s vo;g§§ic ggglomoratg, Groundmassy _fray-
(7) Neutron water fi led "brown, aphanitic, easily ecratched with knife, brittle, -
:;?e;'p pe ;° dense, Clasts angular to subrounded, multicolored, fine:
de ;h tota to up to 3", easily scratched with knife, some with al-
pth. tered surfaces. Extensive remineralization in clasts.

: " Locally fractured (no particular orientation) with some
52l212222l2££22i R?n 801-2'.°f 2 tractuies healed with Shite calcite and/or brown clay.
steel pipe to 797.5' with *4° stickup, S8ome slickensides along some fractures with serpentine
Bottom of pipe sealed and pipe filled and talc
with clear water. Pipe not cemented . .
in because landowner may desire to use 537.8— -573': Volcanic Agglomerate. As in 533-537.8' in-
well at a future date, terval,

2873-579": Clay. Medium-gray, very soft and hydrated with
minor medium-gray to gray-green, angular volcanic frag-
ments as in cored interval (533-537.8').

'879-585': Volcanics, Medium-gray to gray-green, moderate-i
- 1y firm, brittle, fine-grained with minor clay as in 5734
. 579 interval.
B388-595': Volcanics as in 579-585' interval with some dark
+. " gray, moderately firm, brittle, .fine-grained volcanics.,

585-615': Volcanics. Predominantly light to medium gray,

; 'soft clay with gray-green to medium gray to black, moder-
‘ately firm, fine-grained volecaniecs. Occasional minor medr
‘fum brown and red, moderately firm, fine-grained volcan-
1cs, )

$18-630': Volcanics. Medium gray to gray-green, moderate-

~ 1y firm, brittle, fine-grained with minor soft, medium

" ‘gray clay. ‘Trace of white calcite and quartz.

'686—643': Volcanics, Gray-green, soft, fine-grained with

Sheet 3 of 4 MWOLE NO. SUZY-11.
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GEOLOGIC LOG OF DRILL HOLE-CONTINUATION SHEET

FEATURE Susanville Apomaly--.. ... .. PROJECT.Susanville Geothermal e
e Lassen Count Investigations
HOLE NO. . SUZY-11 y € SHEET. 4. OF. .4

FIELD VISUAL CLASSIFICATION & PHYSICAL CONDITION (Cont.)

630-643" (Cont.): minor firm, dark gray to black, f{ine-grainc.
volcanics. Continued medium-gray soft clay. ’

643-647" (COﬁE): Volcanic Agglomerate., Gray-green, locally
dense, hard. OGroundmass: Fine tc medium grained, common
medium-grained feldspar and calcite; hard with extensive cal~
cite mineralization. Clasts: Angular to subrounded, predomi-
nantly fine-grained, locally intensely remineralized. Core
is locally extensively fractured and sheared (no particular cf
rection), some fractures healed with clear quartz and white
calcite.

647-680': Volcanic Agglomerate as in 643-647' interval with
firm, black basalt, probably recycled cuttings. Variable but,
minor amounts of medium gray, soft clay.

680-698': Volcanic Agglomerate as in 643-647' interval with inA
creased amounts of biack, firm, fine-grained volcanics. Less
medium gray, soft clay as in 647-680' interval.

698- *708': Volcanics. Mostly medium gray, soft clay with grayd
green and black, firm, fine-grained volcanics,

$708-755': Volcanics. Black to gray-green; firm, fine-grain,
with"minor mediur gray, soft clay. Gradual lithology change.
735-798' (TOTAL DEPTH): Volcanics. Green to gray-green, soft tq

moderately firm, fine-grained. Minor dark gray to black, firng
fine-grained volcanics. .
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NATURAL GAMMA RAY ' HESISTIVITT_ CALIPER
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