GEOTHERMM. ﬂELU. ST ILLNATER PROJ I, O%b‘REﬂILL COUNTY. NEVADA, &

, = and o
Robert E. B]ackett AR

\\‘

' 'niversity of Utah Researth: msdtute
420 Chipeta Way, Suite 120
_selt Lake City, 0T 84108

5 ?yoared fo the Department of Energy. Division of
! ,,“"e:"’ "9)'7 under Contract N’ mber DE-AC07-801012079

DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United States Government, : .
Neither the United States Government nor any agency thereof, nor any of their employees, makes any x
warranty, express or implied, or assumes any legal liability ér responsibility for the accurscy,

of any i product, or process disclosed, of

or

represents that its use woukl not infringe privately ownad rights. Reference herein to my “specific 3 -
commercial product, process, of service by trade name, . L or , does Lo el L e o s : LR
not necessarily i o imply its jon, of fwornq by the United “7 P T T . R - LToaT L P

States Government or any agency thereof. The views and opinions of authors expressed hergin do not i
necessarily state or reflact those of the United States Government or any sgency thereof. ;: B




DISCLAIMER

This report was prepared as an account of work sponsored by an
agency of the United States Government. Neither the United States
Government nor any agency Thereof, nor any of their employees,
makes any warranty, express or implied, or assumes any legal
liability or responsibility for the accuracy, completeness, or
usefulness of any information, apparatus, product, or process
disclosed, or represents that its use would not infringe privately
owned rights. Reference herein to any specific commercial product,
process, or service by trade name, trademark, manufacturer, or
otherwise does not necessarily constitute or imply its endorsement,
recommendation, or favoring by the United States Government or any
agency thereof. The views and opinions of authors expressed herein
do not necessarily state or reflect those of the United States
Government or any agency thereof.



DISCLAIMER

Portions of this document may be illegible in
electronic image products. Images are produced
from the best available original document.



DOE/ID/12079-57
ESL-70

DOE/ID/12079--57
DE82 019935

LITHQLOGIC INTERPRETATION OF THE DE BRAGA #2 AND BICHARD\gEISHAUPT #1
> Z : =
GEOTHERMAL WELLS, STILLWATER PROJECT, CHURCHILL COUNTY, NEVADA
=~ <

N ~

by

Bruce S. Sibbett
and :
Robert E. Blackett

February, 1982

Earth Science Laboratory

. University of Utah Research Institute
420 Chipeta Way, Suite 120
Salt Lake City, ut 84108

Prepared for the
. Department of Energy
‘Division of Geothermal Energy

ﬂ ROTIOE

!PORTIONS OF THIS_ RW?GRT IRE IIT"""’*‘T_. 1%
“hos teon repr Oddf ed frem the best ovailabls
copy to permit the broadest poss;ble avail-
abilitye .-

DISTRIBUTION OF THIS MOCUMENT 1S UNLIMITED




. NOTICE
Gii ' This feport was prepared to document work sponsored by the United States
Government.«‘Neither the United States nor its agent, the United States
Depértment:of Energy, nor any Federal employees, nor any of their contractors,
subcontragtdrs or their employeés, makes any warranty, express or implied, or
assumes any legaiflfability or responsibiiity for the accuracy, completeness,
vor usefulness of any ihformation; épparatus, product or process disclosed, or

repreSentsvthat its use would not infringe privately owned rights.

- NOTICE

Reference to a company or product name does not imply approval or
recommendation qf the product by the University of Utah Research Institute or
the U.S.'Departmeﬁt'of Energy to the exclusion of others that may be suitable.




TABLE OF CONTENTS

PAGE

. INTRODUCTIOIN......‘_.‘.............................O........»’............1

GEOL%Y.o.cooo.-oto;00‘00000;0000ooooooooooooooo.oooooo.oo-oooooooo00001
Regicﬂa] Setting.Ooo;oooooooc'hooooooooooooo;ooo.co..o.ooooooooooool
GEOthEl“ma] Vsy‘stemoocoooooooococcoc-oo.otooo-oooooooc.oo-o.ooooo0003

SUBSURFACE STUDIESlb.o..00.0.......0oooo.o.ooo.ooooooooooo.oooo.o-000003

CONCLUSIONS.‘.....OOOO;OQOO;OOYOOOO..l...........l..............000000007

REFERENCES.;...;.........0.......‘.‘..!.l.Oll\»...000...‘...........0..0..0_.9

APPENDIX.00;0.0.0000.o.o..0....0000.0000.0oooooo...ocao.oooooooooooooooo

" Lithologic Log of Union 0i1 Company Well De Braga #2
- Lithologic Log of Union 01l Company Well Richard Weishaupt #1

© ILLUSTRATION

Figure 1. Indéx Map of Churchill County, Nevada...;...,............2
" Figure 2. Location of,Geothermal Wells.in}thehStillwater Aredeeec...d

Plate 1. .Cofrélation of Bedded Units in the
: . sti]]water Area..}......‘........v...'..I....Q.V.....In Pocket

‘Plate 2. ~ Composite Log of the De Braga #2 Geothermal Well.In Pocket




o

INTRODUCTION

The De Braga #2 and Richard Weishaupt #1 geothermal test wells were
drilled by Union 0i1 Company, Geothermal Division, between 1979 and 1981 as
part of the U. S. Department of Energy, Division of Geothefma] Energy Industry

Coupled Program.

They are in the Stillwater area, located on the southeast side.of‘the
Carson Desert in Churchill County, Nevada (Figure 1). Hot wateb’was first
discovered in the area in 1919 (Garside and Schilling, 1979). There are no
known surface manifestations of geothermal activity in the imméaiate'vicinity,
however, basaltic cinder cones at Soda Lake, a few miles'to fhe vest, are the

result of phreatic éxplosions during the Quaternary (Sibbett, 1979).

GEOLOGY
Regional Setting

The Carson Desert is a large sediment-filled graben in the western Basin
and Range physiographic province. During the QUaternary, the_basin was filled
with lacustrine, alluvial and fluvial deposits. The present surface cohsistsv
of Lake Lahontan and recent sediments (MorriSon, 1964). The Siillwafer Range,
on the‘east\éide bf'the basin, is composed of Quaternany and Tertiary vb]@anicx
rocks and‘MeSOZOic‘sedimentary and igﬁedus rocks (Pagé,'1965$. A north-

nbrtheast-trending nommal fault or faults form the boundary between the range

‘and the basin. The block faulting, which has been active since late Tertiary

time, is still active as evidenced byrearthquakes in 1954 (Morrison, 1964).
Ground breakage and minor:offset occurréd in the Stillwater area along a N 12° ‘

E trend during the 1954 earthquakes.
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Geothermal System

| Geothermai occurrences heve been known througheut‘the sodthern Carson
Desert since the eafly 1900s. In recent years, several geothermal wells haVe.'
been drilied in the Stillwater area (Figure 2). In 1964, 0'Neill Geothermal,
Inc. drilled the Reynolds No. 1 well to a depth of 1,291 m (4,237 feet) with a
1maximum recorded temperature of 136°C (277°F) (Garside and Schilling, 1979, e.
17). Union 0i1 Company drilled three wells to about 1220 m (4,000 feet) .
during 1976 and 1977. |

SUBSURFACE STUDIES

The detailedllithologic logs of the De Braga #2 and Richard Weishaupt #1
wells are included in the Appendix to this report. ‘Generalized deecriptions ,
of rock types penetratedlin the subsurface and tentative stratigraphic | ‘
correlations for the De Braga #2 and RiChard Weishaupt #1 wells are shown on

Plate 1,}and their locations are shown on Figure 2.

Depths and thicknesses of stratigraphic units reported here refer to
probe depths and do not represent actual bed depths-ahd thicknesses due to
hele drift and deviation. The Richard-weiehaupt #ljwell was intentionally
»deviafeﬂ below 905 m (2970 ft) to 1ntersect'a target located apprdxfmatelyv730
m (2400 ft) due west and 2900 m (9500 ft) vertically downward from the
drillsite. |

Overal], both wells appear to penetrate nearly 1dent1ca] stratigraphic |
units. The wells are col!ared in alluvium and penetrate over 1128 m (3700 ft)'
in De Braga #2 and over 1158 m (3800 ft) in Richard Weishaupt £1 of
unconsolidated and semi-consolidated recent lacustrine sediments and

Pleistocene tuffaceous sediments of Lake Lahonton and pre-Lake Lahonton age
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(Unidn 0il Company; 1979 and 198la). Fossil shell fragments are 1ocalized_in
certain stratigraphic horizons while ostracods appear throughout'the'
sedimentary section. Fragments-of.coal andtlignite’may represent'either
bedded units in the sediments or additions of “ioSt circulation“ material.
The sediments are either unconsolidated or poorly cemented with calcite and |

contain locally strong pyrite;

Underlying the upper unconsolidated sediments and contained}within the
lacustrine section is a basic to intermediate hypabyssal intrusion. -The

intruSion is considered to be a sill based upon the depth of intersection (at

732 m and 823 m in De Braga and Weishaupt respective]y), thickness (122 to 229

m), apparent lateral extent, and the occurrence of pyrite and argil]ic
alteration slightly above and below ‘the unit that would indicate baking and
hydrotherma] activity.

The -interval between the base of the 1ntrusion and the top of the BuneJug _

Formation, 853 to 1128 m (2800 to 3700 ft) in De Braga #2 and 1052 to 1158 m

' (3450 to 3800 ft) in Weishaupt #1, appears to be interlayered tuffaceous .

claystone and basic igneous rock. Geophysical logs suggest several
interlayered units of contrasting character, An intrusive or extrusive nature

of the igneous rock was not determinab]ejfrom cutting,samples_for this_' .

interval.

Below a depth of approximately 1128 m (3700 ft) in both the De Braga #2 "_'

”iand Richard Weishaupt £1 wells is a thick sequence of basalt and basaitic R

_,;ande51te flows and minor intercalated mudstone that is interpreted as the

o fBuneJungormation.' The upper part of this ‘unit’ is characterized by amygduiar -

(O

basaltic to andesitic lava flows having p]agioclase and pyroxene phenocnysts

in an aphanitic matrix and vesicles filled with calcite, secondary clay




minerals, zeolite, and celadonite. Hematite is pervasive in the basalt flows..

Felsic tuffs and tuffaceous sedimentary rocks were encountered below
2443 m (8015 ft) and are assigned to the Truckee Formation (Morrison, 1964).
These rocks interfinger with the basalt flows of the Bunejug Formation for a

vertical distance of approximately 244 m (800 feet).

Various geophysicai and mechanical logs were run in both ueils (Union'Oii
Company, 1979 and 198la). Logs of the De Braga #2 weli were digitized for use
with the computer software system WELLOG (Atwood et al., 1980). Plate 2 shows
a log composite obtained using the WELLOG program haVing temperature,‘caliper,
resistivity, neutron porosity, density porosity, spontaneous potential and |
gamma ray logs. Rock types are broadly divisible into four categories, each
exhibiting different geophysical responses. P1eistocene unconsolidated and
semi-consolidated sediments present to depths of approximately 1158 m (3800
ft) in each hole have high natural gamma radioactivity, Tow density, Tow
resistivity, and high porosity. Basaltic intrusive rocks occurring_at shallow
depths (1038>m) in both wells are characterized by Tow naturai gamma |
radioactivity, high density, high,resistivity. and low porosity.: Basalt and
basaltic’andesite flows of the Bunejug Formation have low natural gamma
radioactivity and moderate to low resistivity while displaying a somewhat
erratic nature on the porosity and density 1ogs. Fe1siC-v01canie rocks
encountered below 2443 m (8015 ft) in the Weishaupt nel] have'distinctly
higher'natural»ganma, lower‘resistivity, and higher porosity than overiying

‘ formations.}

Temperature profiies of both wells show relatively high near-surface '
- gradients of about 300°C/km in unconsoiidated valley sediments to an |

./ approximate depth of 396 m (1300 ft). Temperature reversals occur between 427




-

and 457 m (1400 and 1500 ft)‘andvnegative gradients to nearly isothermal ,
conditions exist to approximately 1219 mr(4000_ft).\.The-lower portions of
both wells below 1219 m have positive gradients of 7.2° « 29°C/km. The

max imum recorded temperatures in the De Braga and Weishaupt wells were 169°C

and 178°C respectively (Union 011 COmpany, 1981b, p. 17)
CONCLUSIONS

Lithologies penetrated throughout the upper 732 to 838 m (2400 to 2750
ft) within the Stillwater prospect area are terrigenous sediments of
Pleistocene to Recent age. A sill of dacite to andesite-composition with ev
:th1ckness variable between 122 to 208 m (400 tb 680 ft) is present below the
terrigenous sediments.' Between the base of the 5111 and the top of the
Bunejug Formation are intercalated volcanic and sedimentary rocks. All

formations overlying the Bunejug Formation are brobably]of PleiStocene age.

The basalt‘and besaltic-andestte‘fIOWS'and ash below a_depth of

’ approximate]yrllzs m (3700 ft) are herein assigned to the Bunejug Formation
(Morrison, 1964) of Pliocene and‘possibly early Pleistocene age. The Bunejug
Formation is a thick seeuence of basalt to andesite flows and hyaloclastite
exposed in the mountains surrounding the south half of the Carson Desert and
mapped by Axelrod (1956), Morrison (1964), and Page (1965). There is

~ extensive exposure of Plio-Pleistdeene baealt and basaltic andesite in the
;Stlllwater Range to the ‘east and south of the Stillwater prospect area (Page,
1965) Page (1965) reports a 488 m (1600 ft) thickness of these rocks

overly1ng folded Pliocene sed1mentary strata.-

The De Braga #2 well bottomed 1n Buneaug volcanics at a depth of 2109 m

(6920 ft). The Richard Weishaupt #1 well penetrated the entire Bunejug




sequence and entered felsic yolcanics and tuffaceous sediments, which‘poséibly
represent part of the Truckee Formation, at a depth of apbfdximately 2412 m
(7915 ft). | |

| “The sedimentary ahd volcanic stratigraphy’penetrated by the'De Braga and ’

Richard Weishaupt wells is similar to that penetrated by wells drilled infthe
Soda Lake area (Horton, 1978 and Sibbett, 1979) 1ocated_foughly (20 miles)
westward. The top of the Bunejug Formation lies at a'depth of 1400 m (4595
ft) Below the Soda Lake area, at approximately the same stfuctural elevation.

as in the Stillwater area.

Basalt and andesite encountefed in the Carson Sink #1 well néar‘Soda.Lake
and interpreted as the Bunéjug Férmation is at least 914'm~(3000 ft) thick and
is underlain by dacite porphyry, which could be Truckee Formation (Horton, |
1978). Nearly 1220 m (4000 ft) bf basalt and basaltic andesite wére
encountered in the Richard weishaupt #1 well and this unit_haé been

interpreted as BUhéjug Formation.
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LITHOLOGIC LOG
De Braga -2
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Pre-Lake Lahontan and Lake Lahonton Sediments:
Dominantly cloy with interstratified tuffaceocus
silt and sand. Coarser-grained fractions are
quartzose. Calcite cement is common. Secondary

10004

1600

minerals are pyrite and clays.

DN

2800440017087
L4
A ‘Directionol drilling

n5 (29641) density and low gamma ray ount.

Basic to Intermediate Composition Sill: Fine grained,

1-2mm phenocrysts, hypidiomorphic granular textures.

begins at this point Geophysical logs indicate low porosity, high
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100002

Interstratified Felsic Volcanics and Tuffaceous Sediments.

Bunejug Formation.
Basalt or basaltic andesite Flows with minor interbedded
“mudstone. Basalt contains plagioclase and pyroxene,
abundant zeolite amygdules. Tachylite altering to
palagonite and celadonite. Basalt is multicolored: olive
gray. dark brown, red and green tint. Hematite staining
is pervasive.

EXPLANATION
basaltic intrusive

sand, silt, and clay

_ 7

basaltic cinders

sediments.

EARTH SCIENCE
LABORATORY
Truckee Formation ® UNIVERSITY of UTAH
Interstratified felsic tuffs and IES  pesEArcH /N?S‘TITUTE
tuffaceous sedimentary rocks.
Basalt of the Bunejug Formation

(o] 400 300Feet
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recent lacustrine and fluvial

basalt and andesite flows

felsic volcanics and tuffaceocus

0 200 400Meteors

PLATE 1

DEPTH IN METERS

Probe Depth: 10,014 CORRELATION OF BEDDED UNITS IN THE

True Verticol Depth:9569°

2306West and 357'South of ST".LWATER AREA

Surface Location

A CHURCHILL COUNTY, NEVADA




-

NEUTRON DENSITY éPONTANEOUS
TEMPERATURE CALIPER RESISTIVITY POROSITY POROSITY 'POTENTIAL GAMMA RAY
DEGREES F INCHES OHM-M %SS %SS ] MILLIVOLTS APl UNITS
om0 om0 w9 P 0 20 4 Q9 60 40 3 & i ekt . WA o.ZECL00Y

1-SCHLUMBERGER 5/3/79| SCHLUMBERGER SCHLUMBERGER SCHLUMBERGER scHIUMBERGER SPLOG6 | == EXPL ANATI N

2-SCHLUMBERGER 5/4/79 | CALIPER LOG DUAL INDUCTION COMPENSATED RECQRDED WITH RESISTIVITY

3-UNION OIL CO. 5/23/79| RECORDED WITH SPHERICALLY FOCUSED NEUTRON LOG . m .
400 JGAMMA RAY LOGEZ7LOG ] ] ] ; i basalt and andesite flows

-200 basaltic cinders
800- . 1 . . ]
basaltic intrusive
™3 .

1200 \ -

recent lacustrine and fluvial
—— sand, silt, and clay

7 w4 felsic volcanics and
tuffaceous sediments

T ) %;— 1

. 7 1 . .
| i} SFL | 1 1 - > .
LD ‘ '
. 1 = - ] i ’ R '
N ] s h T I J : o ' .".': R
|'m I
Il
4000122 4000 - 200
. it
| SR
o |
44004 | i . ] ] i , i a400-1ITNITMITITY EARTH SCIENCE
o | | e | LABORATORY
; ‘|||||"|||||||II‘ UNIVERSITY of UTAH
4800 1 . 1 . 1 | 1 4800 “}H]lm‘l‘uul‘llllllllm“ RESEARCH INSTITUTE
! ~ 1\l(lll'lllllli‘l'uml
i
52001100 1 T 1 1 1 1 S2007 i isa0
5600+ - | ] 1 1 j [y
1800 | PLATE 2
g (3

g

-

g

I
DEPTH IN METERS
DEPTH IN FEET
DEPTH IN ‘METERS

L—-—_.—-.—._————_—.—_.—_—_—..—-

! COMPOSITE LOG
: |‘|lmﬁ||m|l|I:||mm| °f
6400 L : : : : - ssoo T
2000 { s 2000 GEOTHERMAL WELL: DE BRAGA*2
\ STILLWATER PROJECT
6800+ \ d . i B ] i 6800 LIt
\ ol 10: 6920 CHURCHILL COUNTY, NEVADA




	DISCLAIMERS.pdf
	SUMMARY
	LISTOFTABLES
	LISTOFFIGURES
	GLOSSARY
	FACILITY DESCRIPTION
	VITRIFICATION CELL
	EQUIPMENT
	UTILITIES MATERIALS AND WASTES

	SITING
	OP ERAT IONS
	MA I N TEN AN C E
	REFERENCES
	High-Level Liquid Waste Vitrification Flowsheet
	Canister Operating Time Cycle

	Zone Classifications
	Liquid Waste
	Personnel Exposure Categories
	NWVF Areas and Associated Functions
	Process Equipment
	Legend for Figures 5 Through
	Essential Material Requirements
	Nuclear Waste Vitrification Faciltiy Waste Generation
	Allocated Facility Staffing Requirements
	Source of High-Level Waste in the Fuel Cycle
	High-Level Liquid Waste Vitrification Flow Diagram
	High-Level ‚daste Vitrification Cell Plan View
	High-Level Waste Vitrification Cell Elevation View
	Calciner Feed Tank
	Calciner
	Melter
	Frit Feeder
	Calciner Condensate Tank
	Decontamination Solution Tank
	Canister Storage Rack
	Cell AirFilters

	Welding and Inspection Stations
	Calciner Condenser


	Calciner Scrubber-Separator
	Off-Gas Demister
	I and Ru Sorber Feed Heaters
	Calciner Feed Tank
	Cal ci ner
	Me1 ter
	Frit Feeder
	Calciner Condensate Tank
	Decontamination Solution Tank
	Canister Storage Rack
	Cell Air Filters
	lrlelding and Inspection Stations
	Calciner Condenser
	Cal ciner Scrubber-Separator
	Off-Gas Demister
	I and Ru Sorber Feed Heaters
	Ruthenium Sorber
	Pre- and HEPA Off-Gas Filters
	Iodine Sorber
	NOx Destructor
	Off -Gas Cool er
	Process Operators
	Radiation Monitors
	Supervisors
	Others
	(P1 ant Forces
	Craft Workers
	P1 anners and Supervisors
	Others
	Process Engineers
	Faci 1 i ty Engineers
	Safety
	Technicians
	Others (Including Analytical )
	Others
	Totals: Nonexempt
	Exempt
	Supervisors









