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- CASCADES THERMAL GRADIENT DRILLING PROGRAM

GeoNewberry N-1

Logs by Dresser Atlas -- 2, 3 Nov. 1985
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IN REPLY REFER TO:

, : 3260 (920)
United States Department of the Interior OR 11987
OR 12004
BUREAU OF LAND MANAGEMENT OR 12442

OREGON STATE OFFICE
P.O. Box 2965 (825 NE Multnomah Street)
Portland, Oregon 97208

AUG 25 1987

Jody Spooner

Environmental Coordinator
GEO—-Operator Corporation

1330 North Dutton Avenue, Suite A
Santa Rosa, California 95401

Dear. Ms. Spooner:

We have received and reviewed your letter of August 6, 1987. We have considered
your comments concerning Shur-Gel as a final abandonment fluld and our comments
and re-stated requirements are as indicated below.

During the permitting process we (BLM) gave approval of Shur-Gel as an abandon-
ment fluid during the temperature monitoring (temporary abandonment) phase.
However at the time of final (permanent) abandonment the presence of Shur-Gel in
the hole complicates and makes more difficult the placement of cement plugs as
defined by our regulations and GRO No. 3. We are now in the process of
re—-evaluating our approval or non-approval of the use of Shur-Gel during the
permitting process of future wells.

In the case of wells N-1, N-2, and N-3, we approved the use of Shur-Gel. There-
fore we will consider it as an acceptable plugging medium if its presence and
plugging adequacy can be demonstrated for all zomes to be plugged off in wells
N-1 and N-2, as specified in our letter dated July 16, 1987. We don't however
consider the presence of Shur-Gel at the surface as proof of its down-hole
presence and adequacy for plugging the zones specified in our letter.

The presence of Shur-Gel may be demonstrated by shooting-off or perforating the
1.9 in. OD tubing at the appropriate depth below the shoe, i.e., 500 ft or 550
ft. etc, filling the tubing with water and applying appropriate pressure
(estimated 150 psi) at the surface. If there is a considerable amount of flow
the presence and adequacy of Shur-Gel is very questionable and the zone will
have to be cemented. If the water doesn't flow when pressured up to 150 psi, we
will accept that the Shur-Gel is present and is an adequate barrier for fluid
flow.

With regard to N-3, it is apparent to us that the Sur-Gel, if it is present in
the acquifer zone, is not sealing off the flow of water up the well bore. Our
requirements remain as stated in our previous letter, that the acquifer zone
(below 3750 ft) has to be isolated with a 200 ft cement plug in the area of
approximately 3650 ft to 3850 ft. The N~3 casing shoe and surface plugglng may
be accomplished in the same manner as specified for wells N-1 and N-2.



2.

We prefer 200 ft. plugs (100 ft in 100 ft out) across the surface casing shoe
especially for wells N-1 and N-3, where the integrity of the surface casing
cementing is questionable. We also prefer 200 ft plugs because it gives added
insurance of good cement in the middle area of the plug even though the top
and bottom ends of the plug may be weakened, by intermixing with water,
drilling muds, etc. The additional cement cost for this added insurance is
very simall. For the plug at the surface, we require that the top 50 ft of the
tubing and annulus be cemented.

The final abandonment of wells N-1, N~2, and N-3 is to be accomplished in
accordance with GRO No. 3 and our letter of July 16, 1987, except where
clarified and changed by this letter,

We hope this letter has explained our rationale and smoothes out some of youf
concerns. If you have any further questions please call Steve Henderson,
Petroleum Engineer, at (503) 231-2048.

Sincerely,

Nl

Leroy "M. Mohorich
Acting Deputy State Director
for Mineral Resources

cc: Dennis Davis, Prineville DO
Dennis Simontacchi, Lakeview DO
Supervisor, Deschutes NF
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GEQ-NEWBERRY CORE HOLE N~l1 o
DAILY - REPORT
DATE: Aug. 21, 198% .

TIME: 2:00 PM
Rig'on lecation. Pits dug, Tonto rigging up.
Mud pit reveals 7 feet of cindar underlain by a

horizon presumed to be Mazama Ash,

Total est. cost to date: 83,000

g1



& 332 6735 GEQG MEMBERRY D1

{14 )-,\'(‘,\\‘hrrr) Crater lne,

A Sl af tenthicemd Rewirees tntemnatinaal, hoe,

GEO-NEWBERRY CORE HOLE N-1

DAILY REPORT

DATE: Aug. 27, 1985

TIME: X2 noosn

Drill rods parted, 9 drill rods + sub & bit
left 1n hele. RIH with 44" Wit to clean hcele above
£ish, before attempting to retrieve fish with tap.

Total est, cost to date = $26,286.
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GEONewherry Crater, Ine,

B .
v osnbienfars ol Chathennad Hewwneess Intetonadnmal hn

; . CEO-NEWBERRY CORE HOLE N-1

DAILY REPORT

DATE: gept. 24, 1985  DAYS SINCE SPUD: 33
TIME:  12:00 noon

DEPTH: 3 294

' FOOTAGE DRILLED SINCE LAST REPORT: 117

PERCENT RECOVERY: g7

N : Changing O-ring on'hydraulic.ram. Fluid level at
¢ 1,600', BHT at 2,207 is less than 100°F. Last
5 . Lithology: Basalt.

Total ost. cost to date: $147,724.
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GEO-Newherry Crater, Tne.

A stderdiaey af Geothermal Besonrees Titvinstsoasd, hie

CEQ-NFWBERRY CORE [ICLE N-1

DAILY REPORT

DATE: Sept. 25, 1985 DAYS SINCE SPUD: 33

- PIME: 11:00 AM

DEPTH: 2,398?

FOOTAGE DRILLED SINCE LAST RE#ORT; 104

PERCENT RECOVERY: 95

Drilling 3'/hr. in basalt. Fluid level at 1,600',

BHT at 2,308' is less than 160°F, Attempted to run
fluid sampling tool; would not function.

Total est. cost to date: $133,231,



M X L.\«‘“lwrr)' Cruter. oe

S \ Sulsuhians sl e tumut Reunes Dderagionsd, Toe,

\
GEO-NEWBERRY CORE HOLE N-1

DAILY REPORT

DATE:  Sept. 26, 1985 DAYS SINCE SpPUD: 34

TIME 1:30 PM

DEPTH: 2,452"

?OOTAGE DRILLED SINCE LAST REPORT: 54

PERCENT RECOVERY: 96

POH, change bit, RIH, Drilling 5'/hr. iﬁ basalt

to basaltic andesitse,. BHT at 2,398' is 1less than

100*F.  Fluid sample . taken from core barrel at
2,412, Fluid level at 1,600°. ,

Total est. cost to date: S$158,430,



583 383 6739 GEOD MEWBERR 'S5 BI/LT B3:47 a9
GREO-Newherey Coter, fne,
A Silwphary of Bevthera] Hisanress Intemational, b
GEO-NEWBERRY CORE HOLE N-1
DAXLY REPORT
'DATE: Sept. 27, 1985 DAYS SINCE SPUD: 35
TIME: 1:00 PM

DEPTH:  2,564"
- . FOOTAGE DRILLED SINCE LAST REPORT: 112

PERCENT RECOVERY: 98

Drilling 5'/hr. in basalt. . Fluid level at 1,600'.
BHT at 2,502' is less than 100°F. :

Total ast. cost to date: $164,483.
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A Subsidinry of Geoihensad Resoueves ntemstinpal, Ine,

GEO-NEWBERRY CORE HOLE N-1

DAILY REPORT

DATE:  Sept. 28, 1985 DAYS SINCE SPUD: 36
TIME: 9.:.30 AM

DEPTH: 2,8687

- FOOTAGE DRILLED SINCE LAST REPORT: 104

PERCENT RECOVERY: 87

Drilling 7'/hr. in basalt. BHT at 2,602' is less than
100°F. :

Total est. cost to date: $170,107.
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GEONewberry Crater, Ine,

\ Sulmihiney of Geothenmul Bowurees Internationel. fne.

GEO-NEWBERRY CORE HOLE N-1

DAILY REPORT

DATE - Sept. 29, 198% DAYS SINCE SPUD:z 37

TIME: 1:00 PM

DEPTH: 2,724

: POOTAGE DRILLED SINCE L»AST REPORT: - 56

PERCENT RECOVERY: 95

Wikeline .broke: POH, repair, RIH, drill ahead.
Drilling 5'/hr. in basslt to basaltic andesite.

- BHT at 2,712' 1is less than ©60°F. Fluid samples
taken from core barrel at 2,7077. .

Tatal est. cost to date: $175,538.



- GEONewherey Crater, Ine,
AY S:ﬂu'urmr_‘\ uf Gewtherng) Resoneces Lidernational. Ine,

LAST REPORT; -

.Drilling

site:




L EO-Newherry Crater, Ine,
A Sulsidiory of Grotheonol Besonress Inteaationgl, foe, -

GEO-NEWBERRY CORE HOLE N-1

DAILY REPORT

DATE+ Oct. 1, 18285 DAYS SINCE SPUD:y 39

. TIME: 1:00 PM

DEPTH:  2,891'

' FOOTAGE DRILLED SINCE LAST REPORT: 91

© PERCENT RECOVERY: 96 '4 -

Repaired hydraulic ram. Drilling ahéad 5;/hr in
basaltic tuff. BHT at 2,820' was 1less than 60°f.

BHT at 2,891'=64°F after allcwing 1.5 hours to elapse
without pumping mud down hole.

o]

rotal est. cost to date: S$186,763.



DATE:
TIME ;

DEPTH:

GEONewberey Crater, bne.

A Subsadinry of Crnthemnd Hemonrees ntemstional, Joe,

CEO-~NEWBERRY CORE HOLE N-1

DAILY REPORT

Oct. 2, 1985  DAYS SINCE SPUD: 40
12:30 PM

2,923"

FOOTAGE DRILLED SINCE LAST REPORT: 32

PERCENT RECOVERY: 97 .

Core tube stuck, wirsline énépped;'POH,,repair wireline,

free core tube, 'RIH.,
to basaltic andesite.

Drilling ahead 5'/hr.. in basalt

. core barrel at 2,923'.

Total est. cost to date: $190,838.

Fluid sample c<Ollected from

R TS e e

- A,
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B1:35 aat

GEONewherry Crater, Ine.

A substrbiars of Geotheoua? Roecurees lntemations ) Ine

GEO-NEWBERRY CORE HOLE N-1

DAILY REPORT

DATE:  Oct. 3, 1985 DAYS SINCE SPUD: 41
TIME: 11:00 AM | |

DEPT#%Z> #}296:

FoéjAGE DRILLED S;NCE,LAST REPORT: ,53_

PERCENT RECOVERY: 924

‘prilling ahead at 4'/hr. in basalt.

total est. cost to date: $196,112%.



GEONevwherry Crater, Ine.

A Sutwidiars of Gesthermal Bososerves Inteemstinnd, e

> 85

19-84 861

GEO-NEWBERRY CORE HOLE N-1

DAILY REPORT

DATE: Oct. 4, 18853 DAYS SINCE SPUD:
TIME: 11:Q0 AaM

DEPTH: 3,102’
FOOTAGE. DRILLED SINCE LAST REPORT: 106

PERCENT RECOVERY: 95

Drilling 3-5'/hr. in basaltic andesite.
3,098' is less than 60°F.

TOTAL EST. COST’TO DATE: $202,813.

42

BHT at




IS 38V 6735 BEU NTwoonn

GEONewberey Cruter loe,

A Subenhary of Govthennal Besearess Internationsl. Ine,

GEO-NEWBERRY CCORE HOLE N-1

DAILY REPORT

DATE: Oct. 5, 1985 DAYS SINCE SPUD: 43
TIME; 11:30 AM

DEPTH:  3,167' |

FOOTAGE DRILLED SINCE LAST REPORT: 65

PéRCENT RECOVERY: 97 '

_?bH, chapge bit, RIH, arilling 4-5'/hr. in fault
breccia and basaltic dikes, . ' o

TOTAL EST, COST TO DATE: S208,239
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GEO-Newherry Crater. Ine,
A Suteadiany of Goatherma! Keoutees hitenuatineal. Ine.

GEO-NEWBERRY CORE HOLE N-1

DAILY REPORT

‘DATE:  Oct. 6, 1985 DAYS SINCE SPUD: 44
TIME: 1:30 Pm

DEPTH: 3,263

FOOTAGE DRILLED SINCE LAST REPORT: 96
PERCENT RECOVERY: 93 |

Drilling 3 5 /hr in basaltic andeszte BHT at
3,208 is less than 50 F. :

TOTAL EST. COST TO DATE:  $215,479.
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- GEO-Newherry Crater. bne

A Subwidiary af Genthernnd Busanress Intemationad. Ine

GEO-NEWBERRY CORE HOLE N-1

DAILY REPORT

DATE:  Oct. 7, 1985  DAYS SINCE SPUD: 45
TIME:  10:30 AM |
DEPTH:  3,332° | |
FOOTAGE DRILLED SINCE LAST REPORT: 69

| PERCENT RECOVERY: 96

- Drilling 3-4‘»/hr.AA-in’.faAu‘lE Abreccia,.. BHT»‘at‘3,3l-2’
is 82°F. SRS R

. TOTAL EST. COST TO DATE: $220,994.
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GEO-Newhoerey Crater, Ine.

A Rebatdiirs of Gentheroal Kesonreex Inteesational, boe,

GEO-NEWBERRY CORE HOLE N-1

DAILY REPORT

DATE Oct. 8, 1985 DAYS SINCE SPUD: 46
TIME: 10:30 aM o
DEPTH: - 3,412 |
' FOOTAGE >'DR11‘..£J_ED SINCE LAST REPORT: 80
PERCENT RECOVERY: 88 |

Drilling 5'/hr. in basaltic andesite. ~ BHT at 3,412
is below 60°F. : S o ' _

TOTAL EST. COST TO DATE: $226,926.
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GEO-Newberry Crater tnes -
A Sulenbiary of Geontherial Resouirer Wtermational, Ine,

GEO-NEWBERRY CORE HOLE N-1

DAILY REPORT

DATE: oct. 9, 1985 DAYS SINCE SPUD: 47
TIME: 11:00 AM
DEPTH:; - 3,468°

:_FOOTAGEiDRILLED SiNcE LASTfREPORT;- 56
PERCENT RECOVERY: 95 o

Drilling 4'/hr. in 'basalticvr'_a‘ridésite. ' Fluid sample.
~ gollected from core barrel at 3,424, T v

TOTAL EST. COST TO DATE: $231,986.



GEO-Newberry Crater, Ine,

A Submdiary of Geasthermal Resowrees Internatiousl, toe.

. .GEO-NEWBERRY CORE HOLE N-1

DATE : Oct. 10, 1985 DAYS SINCE SPUD: 48
TIME: ,. 12:00 néon
DEPTH: 3,545

FOOTAGE DRILLED SINCE LAST REPORT: 78
'PERCENT RECOVER: 88 S
POH,. change bit. Last 1lithology drilled was vasalt.

BHT at '3,518'=95°F. Fiuid sample taken from - core -
barrel at 3,545'. ' : o '

TOTAL EST. COST TO DATE: $238,098.
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GEO-Newberry Craten Ine.

A Subsihiary of Genthernsd Reswmrees tntepmtionsd, fne.

LA ﬁjﬁnﬁe)

Gis- 320~ Stz
GEC~-NEWBERRY CORE HOLE N-1

DAILY REPORT

DATE: Cct. 11, 1983 DAYS SINCE SPUD: 49
TIME: 11:00 AaM

DEPTH: 3,605'

FOOTAGE DRILLED SINCE LAST REPORT: 59

PERCENT RECOVERY:'_97

Run rod into hole to 3,540' after bit change. Temp=
erature at 3,540'=117°F. Wash and ream to T. D.
brilling ahead 5-6'/hr. in basaltic andesite,

A tentative decision has been made by GEO-Operator
to deepen the core hole to 4,630 feet. The estimated
cost for +this extension is .$82,500-$135,000; the
higher figure to include the possibhlilty of hole
completion problems. The Department of Energy has
been reguested to telecopy Dby Monday morning, Oct.l4,
1985, their decision as to whether or not to participate
in the additional «costs and the additional data.
over the weekend, a water sample will be collected
and a temperature build up test (Horner plot) will
he conducted to give the best possible estimate of
zurrent down hole conditions. :

TOTAL EST. COST TO DATE: $244,502.
i : o’ - S0l F - ma ka«f/¢Q~Z:L -
zﬁchL' ﬁ#</ 3672— F¢qafr /
2 .
) 149 | |
PMB - .‘ :'é$517’055/1y = 49 %y@gu-



GEO-Newberry Crater. Ine.

A Subsidiaes of Genthrnoal Resourees Intemmational, inc,

GEO-NEWBERRY CORE HOLE N-1

DAILY REPORT

DATE: ~ Oct:~12, 1985 ~ DAYS SINCE SPUD: 50
CPIME:  10:30 AM I

DEPTH: 3,635’

FOOTAGE DRILLED SINCE LAST REPORT: 30
 PERCENT RECOVERY: 86 | B

Mislatched, POH, &lean tube, bit, RIH. Last lithology ™
=basaltic andesite. BHT at 3,615'=97°F. . T R

TOTAL EST. COST 70 DATE: $248,500%
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GEO-Newherey Zrater. inc.

ASaleidions of Gevthermal Resouress ntenstional, fne.

.CEO-NEWBERRY‘CORE'HbLﬁ N-1

bAItY REPORT
DATE: oct. 13, 1985  DAYS SINCE SPUD: 51
TIME:  4:00 BN | '
 DEPTH: 3,672 o |
POOTAGE DRILLED SINCE LAST REPORT; 37 : -
PERCENT RECOVERY: 99_.' o '
Conduct  time- temberéture 'bu’i”ld—'-ixp‘ - test, wire'line i
. snaps durlng testing. Fish for wireline., unsuccess-
. fully, rig up new set- up to continue test. Rough

estimate of eguilibrated BHT=151°F, gradient-z 75°F/100°
Last l:.thology drilled was basalt:.c andes:.te. .

TOTAL EST. COST TO DATE; - $254,305;
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: (;I—‘.ﬂ-.’\'vwwrrw Crater. Ine.

A Sabsihiary of Grothermal Resouress bateritiona), e,

GEO-NEWBERRY CORE HCLE N-1

DAILY REPORT

DATE: Oct. 14, 1985 DAYS SINCE SPUD: 52

TIME: 11:00 ax

DEPTH: 3,7387

-~

FOOTAGE DRILLED SINCE LAST REPORT: 64

PERCENT RECCOVERY: 96

Drilling 5°/hr. in basaltic andesite, which underlies
14' of clay-rich tuff, RPHT &t 3,7327 after one hour



GEO-Newherry Crater. Ine.

A Subsibiary ol Geothennal Reoures intempativnal, Ine,

GEO-NEWBERRY CORE HOLE N-1

DAILY REPORT

DATE: Oct. 15, 1985 DAYS SINCE SPUD: 53

TIME: 9:30 AaM

DEPTH: 3,762°

FOOTAGE DRILLED SINCE LAST REPORT: 26

"PERCENT RECQVERY: 100

. Last ‘drillinmg 4'/hr. in basaltic andesité)
~bit, drilled through caved zome at 1,300'.

'TOTAL EST. COST TO DATE: $264,914

~ e Lo PRy av vl s A A RASES

Changéd



GEO-Newberry (.raler. Inc.

A Sabmudinn uf Grtheeoat Risourves International, e,

GEQO-NEWBERRY CORE HOLE N-1

“DAILY‘REPORT

DATE:  Oct. 16, 1985  paYS SINCE SPUD: 5S4
CpIME: 9:30 AM |
TDEpr:”,-3,784'.‘

FOOTAGE DRILLED SINCE LAST REPORT: 22
~ PERCENT RzéovBRYg- 96

Last‘drxillng'd /hr. in Sasaltid éndeéite,_-?OH’to-éhangé-

bad bit at 1 PM yesterday._ Got back on bottom at 1 AM
~ this. morn;ng ) e :

TOTAL EST. COST TO DATE: $268,570.
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GEO-Newherry Crater, Toe.

TN Subwidioes of Geothesmat Reouree luteruationel, Tie,

GEO-NEWBERRY CORE HOLE N-1

DAILY REPORT

DATE: . Oct. 17, 1985 'fDAQS SIﬁCévSPUD::-SSV
TIME:  11:30 AM | |
DéPTB: 3,857 V_ '

FOOTAGE DRILLED SINCE LAST REPORT: 73
PERCENT RECOVERY: 96 o

. Drilling 4-5'/hr. in andesite. BHT at 3,8027=128°F,
© BHT at 3,854'=124°F. ‘

TOTAL EST. COST TO DATE: §$274,461,

A b Hldheene 07 Quirta 4 Rond YR QTN 1S40 AND.AARY




DEPTH:

FOOTAGE

GEO-Newberry Crater, Ine.

A Sebsediary of Ceothenmal Besineves Interuational, ine,

GSO-NEWBSRRY CORE HOLE N-1.

Oct. 18,1985 .

10:00 aM

3,918"

‘DAILY REPORT

DAYS SINCE SPUD: 56

'DRILLED SINCE LAST REPORT: 61

PERCENT RECOVERY: 98

'Drilling 4'/hr. in andesite.
BHT at 3,914'=140°F.

BHT at 3,864'=138°F.

TOTAL EST. COST TO DATE: $279,781..

[ I F I 3 ]
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_ thEO-Newberrs Erater ine,
LR R TU RS TN S P ST TP P

'GEO-NEWBERRY CORE HOLE N-1

JALILY REPORT

DATE: Cct.. 19, 1683 DAYS SINCE SPUD: - .57

FCQTACE DRILLED SINCE LAST REPORT: 72

0
O

" PERCENT RECOVERY:

Sriii:ag 4-5' hr. :n andes:te, BHT at 3,964' is 142°F.

TOTAL EST. COST IO SATE: 5285,654.
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DEPARTMENT OF ENERGY
CASCADES DEEP GEOTHERMAL GRADIENT

DRILLING PROGRAM

DB.JEE'TIUE:

Sponsor research to characterize
the deep hydrothermal regime of
the Cascades in order to define its
geothermal potential.

PROGRAM MANAGEMENT:
| DOE/Idaho Operations Office

TECHNICAL COORDINATION:

; University of Utah Research Institute

| MEE‘_HFINISM

Solicitations for Cost-Shared Dr|II|ng




PACIFIC OCEAN
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CASCADES DEEP GEOTHERMAL GRADIENT DRILLING PROGRAM

PROGRAM ELEMENTS

Thermal Gradient Drilling
Data RAcquisition

Lithology

Geophysical Well Logs

Hydrology

Surface Studies

Data Integration and Interpretation

- Technology Transfer

Open File Release of Data and Core

Case Studies




CASCADES DEEP GEOTHERMAL GRADIENT DRILLING PROGRAM

STATUS

First Solicitation (closing date 4-29-85)

GEO Operator Corp.
Two Coreholes at Newberry

N-1 4000 ft. (public data)
N-3 4002 ft.

Thermal »Power Company
One Corehole near Mt. Jefferson

CTGH-1 4800 ft.

Blue Lake Geothermal

Proposer Unable to Arrange Financing
OOProject Cancelled00

Second Solicitation (closing date 5-30-86)

~ California Energy Compahy, Inc.

One Corehole (MZI-11A) Now Dirilling
Near Crater Lake (Mazama)






CASCADES DEEP GEOTHERMAL GRADIENT DRILLING PROGRAM

SCIENTIFIC STUDIES

* NEWBERRY
Heat Flow - GEO and Southern Methodist
~ Downhole Hg - GEO
Alteration - USGS
Volcanic Stratigraphy - U of Wyoming / NSF
Correlation of Electric Logs with Alteration - UURI
Analysis of Well Logs - UURI

* CLAKAMAS
Heat Flow - Southern Methodist
Alteration - USGS
- Volcanic Stratigraphy - DOGAMI
Analysis of Well Logs - UURI

* MAZAMA
Heat Flow - Southern Methodist
Alteration. - USGS

~Volcanic Stratigraphy - UUR
Analysis of Well Logs - UURI




%

CASCADES DEEP GEOTHERMAL GRADIENT DRILLING PROGRAM

OPPORTUNITIES

* Holes available for down-hole experlments
for one year

% Core stored at UURI; available for study

* Geophysical well logs and other acquired data
available for study

* Correlation of surface studies with down-hole
data



CASCADES DEEP GEOTHERMAL GRADIENT DRILLING PROGRAM

STATUS

» GEO Operator Corp.
N-1 (4000) @ Completed 10/20/85

Data and samples open
- filed by UURI Feb 86

. ﬂé}‘{
N-3 (4000" Spud 6/1/86 —«pt’"
& Thermal Power Company

"~ Clackamas - (5000") = Spud 6/1/86 - “T

« Blue Lake Geothermal
Blue Lake  (4000) Spud ?
& New Solicitation: M‘ay 30, 1986
Two additional holes anticipated e 6'7




Depth in Feet

TEMPERATURE - DEPTH LOG
GEO N-1 -

Temperature (° F)
25 50 75 100 125 150 175

O_IIV|ﬂ|1|||||||r||r||||
500 F
- - 250
1000
s
1500 F
- — 500
-
2000 -
2500 i I 750
3000 F
- » - 11000
3500 |- ' 4<\\\
4000 £ L | LN
0 20 40 60 80

Temperature (° C)

Depth in Meters



CASCADES DEEP GEOTHERMAL GRADIENT DRILLING PROGRAM

STATUS OF GEO-NEWBERRY N-3

Spud Date

Expected Completion (4000')
Drilling Contractor

Core Recovery

Planned Completion

Geophysical Well Logs Planned

6/2/86

8/1-4/86

" Tonto

50 - 95%

1-1/2" Iron Pipe

Temperature, Resistivity, Caliper
SP, Sonic, Gamma-Ray, Induction,

Fraclog



CASCADES DEEP GEOTHERMAL GRADIENT DRILLING PROGRAM

STATUS OF THERMAL POWER CTGH-1

Spud Date

Expected Completion
Drilling Contractor
Core Recovery
_Planned Completion

Geophysical Well Logs Planned

6/8/86

8/12-16/86

Boyles Brothers

90 - 100%

Iron Pipe

Temperature, Resistivity, Caliper,

SP, Sonic, Gamma-Ray, Density



CASCADES DEEP GEOTHERMAL GRADIENT DRILLING PROGRAM

STATUS OF GEO-NEWBERRY N-3

Spud Date

Expected Completion (4000')
Drilling Contractor

Core Recovery

Planned Completion

Geophysical Well Logs Planned

6/2/86

8/1-4/86

Tonto

50 - 95%

1-1/2" Iron Pipe

Temperature, Resistivity, Caliper
SP, Sonic, Gamma-Ray, Induction,

Fraclog



GEO-NEWBERRY COREHOLE N-3

®—® Costs, $ K

[r——] Temperature,°F
from BHT

200°F
$400K [

150°F |
$300K

100°F
$200K

50°F |
$100K

] ] | ] ] ] | ]
$0Ko 500 1000 1500 2000 2500 3000 3500 4000
DEPTH IN FEET




200°F _

100°F |

GEO-NEWBERRY COREHOLE N-1

©—@ C(Costs, $ K

[F——E1 Temperature,°F
from BHT

logging

straight-line drilling cost

RQ rotary to core

®
Q)

¢

| | | ] ] ] I
500 1000 1500 2000 2500 3000 3500 4000
DEPTH IN FEET
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MAIL ME 'GEOLOGS',

NOTES ON GEO N-1 GEOPHYSICAL WELL LOGS

CALIPER LOG

The caliper log shows a highly uniform hole diameter ‘and
shape over most of the length of the hole. There are a few
areas of enlargement that correspond for the most part to flow
boundaries or to suspected fractures., The interval immediately
adjacent to the bottom of the rain curtain at 3260 is enlarged
to 5 in, and the largest washout occurs at 3429, where the
hole diameter is 9.7 in. : :

TEMPERATURE LOGS - _

There were two temperature logs run in the well., The first
was run on 2 Nov 85 during the course of the Dresser - Atlas: '
logging. The second temperature log was run on 9 Nov 85 by
Geotech Data od Poway, Ca. This second log used a.tool having an
apparent sensitivity of about 0.01 C, which is ‘believed to be
considerably better than the sensitivity of the usual logging
tool temperature probe. In addition, the second tool is likely
to be better calibrated. The last fluid cilrculation 1is estimated
to have occurred when the black iron pipe was set, which was
completed on 8 Nov 85, one day earlier. Nelther of the
‘ temperature logs is an equilibrium log. Nevertheless, they do
vield date of significance.

The upper 200 ft of the hole shows temperatures about ll5 F,
which decrease downward to about 41 F and. then begin a very show
buildup such that at 2000 £t temperature is 42 F, and at 3000 ft
temperature is 51 F. Between 3260 and 3300 ft, there is a very
rapid increase in temperature to 103 F, and thereafter a more
uniform gradient to a temperature of 160 F at 4000 ft. This
area is in a fairly massive dacite unit. The abrupt temperature
increase apparently signifies the bottom of the level of cold
water circulation called the rain curtain. The average gradient
below 3300 ft corresponds to 115 C/km. Average thermal o
conductivities for the rocks below 3300 ft are 4.3 mcal/cm-sec- :
deg C, so that the indicated heat flow is about 5 HFU. We must
remeber that the temperature profile is not equilibrium. however,
‘and this heat flow value is only an indication of the true value
below 4000 ft. .

GAMMA RAY LOG

This log shows counts in standard API units. Easalt and
andesite flows are fairly uniform, but some individual flows can

be differentiated. 'Typical values of the basalts are 20-40 API
units.” A dacite ash at 1982 is clearly delineated. Several thin
cley-altered units below about 3100 ft show high response.
Dacite flows at 3211-3330 ft and 3708-4000 ft show increased
response, averaging 130 API units.. This log appears to be
succesgful at differentiating the felsic and/or altered units
from the basalt and basaltic—andesite flows.



ELECTRIC LOGS ,

" The electric logs comprise an SP log, a 16-in short normal
resistivity log and an 1nduction log. The SP log. was off scale
for much of the upper part of the hole and appears to be of
limited use for quantative interpretation in any case. It will
not be discussed further. The resistivity of the borehole fluid
at the time of the logging was not measured. and so the
interpretations that can be placed of the resistivity and
induction logs are somewhat compromised. The induction log is
the more useful of the two remaining logs in yieiding
representative values of resistivity for the formations because,
of its greater depth penetration. : '

. 'Both the resistivity and induction logs indicate the
presence of conductive horizons below a depth of about 2800 ft.
The conductors become more numerous and of higher conductivity
down hole. -The average resistivity of the upper 2000 £t of the
hole is 50-70 ohm-m. Below this there is a systematic decrease
in resistivity with depth. Below 2800 ft, there are at lease 15
separately identifiable horizons having resistivities below 10
ohm-m, and one horizon has a resistivity value of 1.2 ohm-m.. The
thickness of these horizons varies from a few feet to a few tens
of feet. These conductive horizons correspond, for the most
part, to clay-altered basaltic ash and felsic tuff units. The
chief alteration type 1is smectite which has apparently developed
at low temperature.

‘The conductive horizons observed on the electric loge are
believed to be responsible for the occurrence of anomalies in
interpreted conductivity on surface TDEM surveys reported by Dave
Fitterman of the USGS. The surface surveys indicate a widespread
area underlain by conductive horizons around the ‘Newberry
volcano. Part of the anomaly must correspond to the high-
temperature hydrothermal system found in USGS Newberry-z corehole
which was drilled in the caldera. However, part of the anomaly
must also correspond to the conductors found in GEO N-1.

ACOUSTIC LOGS ) ) , )

Two acoustic logs were run in the well--an acoustic velocity
log and an acoustic fraclog. Both of these logs are useful in
detecting flow boundaries and differentiating areas of uniform,
probably low porosity/permeability from porous/permeable horizons
that correspond for the most part to flow boundaries and, to a
lesser extent, to fractures. ' ' :

INTERPRETATION OF THE LOGS

These 1ogs will be very useful when correlated with the core
in calibrating log response in this sequence of bazalt and
basaltic-andesite flows with separate ash and tuff units. UURI
is involved with  this work at the present time. We plan to make
detailed log correlations with the core, make sguch mesasurements
as resistivity and perhaps IP effect on selected core specimens,
and study cross plots. i

S
.END



NOTES ON GEQ N—-1 GEOPHYSICAL WELL LOGS

CALIPER LDC

"The caliper log shows a highly uniform hole diameter and
shape over most of the length of the hole. There are a few
"areas of enlargement that c¢orrespond for the most, part to flow
boundaries or to suspected fractures. The interval immediately
adjacent to the hottom of the rain curtain at 3260 is enlarged
to 5. in, and the largest washout occurs at JdLg where the
.hole diameter is =7 ine.

TEMPERATURE LOGS i

' There were two temperature logs run in the well. The first
was run. on 2 Mov 25 during the courseé of the Dresser Atlas
“lagging. The second temperature leg was run on 9 Nov 35 by
Geotech Data od Poway, Ca- This second log used a tool having an
- apparent sensitivity of about ©0.01 C, which is helieved to he
considerably better than the sensitivity of  the usual logging
tool temperature probe. In addition, the second tool is likgly
"to he ‘hetter calibrated. The last fluid circulation is estlmated

to have occurred when the black iron pipe was sety, ‘which was\\
completed on & Nov 585, one day earlier. Neither of ‘the
temperature logs is an equilibrium log-. NMevertheless; they do

yield date of significance-

The upper 200 ft of the hole shows temperatures about 45 F,
which decrease downward to about 41 F and then hegin a very show -
buildup such that at 2000 ft temperature is d4Z F, and at 3000 f¢
temperature is 51 F. Between 3260 and 3300 ft, there is a very
rapid increase in temperature +te 103 F, and. thereafter a more
uniform gradient to a temperature of 160 F at 4000 ft. This
area is in a fairly massive dacite unit. The abrupt temperature
increase apparently signifies the bottom of the level of cold
water civrculation called the rain curtain. The average gradient
below 3300 ft corresponds to 115 C/km- Average thermal
conductivities for the rocks kelow ZI300 ft are d4-3 mcal/cm—sec—
deg C, so that the indicated heat flow is about 5 HFU. We must’
remeber that the temperature profile is not equilibrium, however,
and this ‘heat flow value is only an indication of the true value
below 4000 ft-- : ‘

GAMMA. RAY LOG _ .

This log shows counts in standard API units-. Basalt and
andesite flows are fairly uniform, but some individual flows can
be differentiated. Typical values of +the basalts are 20-d40 API
units. A dac1te ash at 1932 is clearly delineated. Several thin
ctlay—altered wunits below about 3100 ft show high résponse.
Dacite flows at 3I211-3330 ft and 37054000 ft show increased
response, averaging 130 API qnits- This log' appears to be
successful at differeantiating the felsic and/or altered units.
fram the basalt and basaltic-andesite flows-



ELECTRIC LOGS e .

The electric logs comprise an SP log, a 16—in short normal
resistivity log  and an induction log. The SP log was off scale
for much of the upper part of the hole and appears to be of
limited use for gquantative - interpretation in any case- It will
not be discussed further. The resistivity of the borehole fluid
at the time of the logging was not measured, and so the
interpretations that can he placed of the resistivity and
induction logs are somewhat compromised. The induction log is
the more useful of the two remaining logs in vielding
representative values of resistivity for the formations because
of its greater depth penetration. : '

Both the resistivity cand induction logs indicate the
presence of conductive horizons below a depth of about 2800 ft.
The conductors become more numerous and of higher conductivity
down hole- The average resistivity of the upper 2000 ft of the
. haole is 50-70 ohm—-m- Below this there is a systematic decrease
in resistivity with depth. Below 2800 ft, there are at lease 15
separately identifiable horizons having resistivities below 10
ohm—m, and one horizon has a resistivity value of 1.2 ohm—m. The
thickness of these horizons varies from a few feet to a few tens
of feet. These conductive horizons correspond, for the most
part, to clay—altered basaltic ash and felsic tuff uwnits. The
chief alteration +type is smectite which has apparently developed
at low temperature- '

The conductive horizons observed on the electric logs are
believed to ke responsible for the occurrence of anomalies in
interpreted conductivity on surface TDEM surveys reported by Dave
Fitterman of the USGS. The surface surveys indicate a widespread
area underlain by conductive horizons around the Newberry
volcang. Part of the anomaly must corvespond to the high-—
temperature hydrothermal system found in USGS Newberry—~2 corehole
which was drilled in the caldera. However, part of the anomaly
must also correspond to the conductors found in GEO N-1.

ACOUSTIC LOGS ,

Two acoustic logs were run in the well——an acoustic velocity
log and an acoustic fraclog- Both of these logs are useful in
detecting flow boundaries and differentiating areas .of uniform,
probably low porosity/permeability from porous/permeable horizons
that correspond for the most part to flow boundaries and, to a
lesser extent, to fractures. ' :

INTERPRETATION OF THE LOGS

These logs will ke very useful when correlated with the core
in calibrating 1log response in this sequence of bhasalt and
basaltic—andesite flows with separate ash and tuff units. UURI
is involyed with this work at the present time. We plan to. make
detailed log correlations with the core, make such measurements
as resistivity and perhaps IP effect on selected core specimens,



and study cross plots.




ELECTRIC LOGS :

The electric logs comprise ‘an SP log, a 16-in . short normal
resistivity log and an induction log.- The SP log was off scale
for much of the upper part of the hole 'and appears to bke of
limited use for quantative interpretation in any case. It will
not be discussed further. The resistivity of the borehole fluid

‘at  the time of the logging was not - measured, and so the

interpretations that can be placed on the resistivity and
induction lags are somewhat compromised. The induction lag is
the more useful of the two remaining logs in vyielding

.representative values of resistivity for the formations hecause

of its greater depth penetration. _ ,

‘Both the resistivity and induction logs indicate the
presence of conductive horizons below a depth of akbout 2200 ft.
The conductors hecome move numercus and of higher conductivity
down hole- The average resistivity of the upper 2000 ft of the
hole is S0-70 chm-m. Below this there is a systematic decrease
in resistivity with depth. Below 2300 ft, there are at lease 15
separately identifiable horizons having resistivities below 10
ohm—m, and one horizon has a resistivity value of 1.2 ohm—-m. The.
thickness of these horizons varies from a few feet to a few tens
of feet. These conductive horizons correspond, for the most
part, to clay—altered basaltic ash and felsic tuff units. The
chief alteration type is smectite which has apparently developed
at low temperature-

The conductive horizons observed on the electric logs are

.believed to ke responsible for the occurrence of anomalies in

interpreted conductivity on surface TDEM surveys reported by Dave
Fitterman of the WUSGS. The surface surveys indicate a widespread
area underlain by conductive horizons around the Newberry
volcano. Part of the anomaly must correspond to the high-
temperature hydrothermal system found in USGS Newberry—2 , which
was drilled in the caldera- However, part of the anomaly must
also correspond to the conductors found in GEO MN-1.-

ACOLISTIC LOGS _
Two acoustic logs were run in the well——an acoustic velocity

log, and an acoustic fraclog- Both of these logs are useful in

detecting flow boundaries and differentiating areas of uniform,
probably low pdrosity/permeability from porous/permeable horizons
that correspond for the most part to flow boundaries and, .to a
lesser extent, to fractures. :

INTERPRETATION OF THE LOGS

These logs will be very useful when correlated with the core
in calibrating log response in this sequence of basalt and
basaltic—andesite flows with separate ash and tuff units. UURI
is involved with this work at the present time. We plan to make -
detailed log correlations with the core, make such measurements
as resistivity and perhaps IP effect on selected core specimens,
and study cross plots. h




NOTES OM GEOD N—lyGEDPHYSICAL WELL LOGS

CALIPER LOG - _ . ,

The caliper log shows a highly uniform hole diameter and
shape over most of the length of the hole- There are a few
areas of enlargement that correspond for the most part to flow
boundaries or to suspected fractures. The interval immediately
adjacent to the bottom of the rain cartain at 3260 is enlarged
to 5 in, and the largest washout occurs at 3429, where the
hole diameter is 9.7 in- ’

TEMPERATURE LOGS

There were two temperature logs run in the well. The first
was run on 2 Nov 835 during the course of the Dresser Atlas
lngging- The second temperature log was run on 9 Nov 85 by
Geotech Data of Poway, Ca- This second log used a tool having an
apparent sensitivity of about ©0.01 C, which is believed to be
considerably better than the sensitivity of the usual logging
tool temperature probe. In addition, the second tool is likely
to be better calibrated. The last fluid circulation is estimated

" to have occurred when the black iron pipe was set, which was

completed on 8 Nov 83, one day earlier. . Neither of the
temperature logs is an. equilibrium log- Nevertheless, they do
yield data of significance. '

The upper 200 ft of the hole shows temperatures about 45 F,
which decrease downward to about 41 F and then begin & very show
buildup such that'at’EOOO ft_ temperature is 42 F, and at 3000 ft
temperature is 51 F. Between 3260 and 3300 ft, there is a very
rapid increase in - temperature to 103 F, and thereafter a more
uniform gradient- to a temperature of ' 160 F - at 4000 ft.  This
area is in a fairly massive dacite unit. The abrupt temperature
increase apparently signifies +the - bottom of the level of cold
water circulation called the rain curtain- The average gradient .

"helow 3300 ft corresponds to 115 C/km. Average thermal

conductivities for the rocks below 3300 ft are d-3 mcal/cm—sec—
deg C, so that the indicated heat flow is about S HFU-. We must
remeber that the temperature profile is not equilibrium, however,
and this heat flow value is only an indication of the true value
below 4000 ft.

GAMMA RAY LOG

This log shows counts in standard API units. Basalt and
andesite flows are fairly uniform, but some individual flows can
be differentiated.  Typical values of the basalts are 20-40 API
units. A dacite ash at 1982 is clearly delineated. Several thin
clay-altered wunits below about 3100 ft. show high response.
Dacite flows at 3211-3330  f¢ aﬁd 37084000 ft show increased -
response, averaging 130 API units- ~ This 1log appears to be
successful at differentiating the felsic and/or altered units
from the basalt and hasaltic-andesite flows-.
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GEO-Newherrey Crater, e,

A Subwidiary of Geothernad Resourees lnternational, Toe,

June 20, 1986

Mr. Dennis Olmstead

Dept. of Geology & Mineral Ind.
1005 State Office Bldg.
Portland, Ore. 97201

Dear Dennis:

We have recently submitted to vyour office the
GEO N-1 core splits you requested in vyour letter of
June 6, 1986. I trust UURI will also be sending you
the splits that you have requested from them. As
far as GEO is concerned, the splits vyou receive from
UURI are part of the public record and you may use
them in any capacity you deem appropriate. The splits
that you are receiving from GEO however, are part of
our corporate assets and we request that they be kept
proprietary in a fashion similar to what would be the
case if there were no public involvement in the corehole.

As you know, we are currently drilling our second
corehole (GEO N-3) on the north flank of Newberry and
at present, we are coring below 1,050 feet. We will
continue to work with DOE/UURI in order to provide
your office the core that you require in a timely fashion
and with as few restrictions as 1s compatible with
our various interests.

Thank you very much.

Very truly yours,

C/%ﬁé#bz?éJ'€4LY°“i/ﬁ .

Chandler Swanberg, resident

CAS/rs

ccC: M. Cale, GEO
J. Combs, GEO
R. King, DOE
P. Wright, UURI

OLHY South Highway 97 Suite A, Bend. OR 97701 (503) 389.0081



Depafrment of Geo/ogy and Mineral Industries

ADMINISTRATIVE OFFICE :
ViCTOR ATIVEN 1005 STATE OFFICE BLDG., PORTLAND, OREGON 97201 PHONE (503) 229-5580

June 6, 1986

Mr. Bruce Sibbett

University of Utah
Research Institute

391 Chipeta Way, Suite 8

Salt Lake City, UT 84108

Mr. Chan Swanberg

GEO Operator Corporation

2300 County Center Dr., Suite 250
Santa Rosa, CA 95401

Dear Bruce and Chan:

I understand you have each agreed to supply for our sample repository half of the
1985 samples fram well N-1 at Newberry Crater. This sounds like a good answer to
the problem and below I propose how this should be done. I don't know the avail-
ability of cuttings fram the rotary drilled portion of the well (0' to 470 ), but
these samples are included in the proposed list.

The core samples to be submitted should be approximately 6 inches in lenth (or a
split 6 inches in length) fraom the named depths.

DOE/UURI to submit:
(1) cuttings samples at 30 ft :Lntervals 0’ to 450°'
(2) core samples from:

500" 900" 1180' 1350 1600"
695" 960" 1230" 1375" 1750"
750", 1100' 1275" 1460" 1870"

GEO Operator to submit:.
(1) core samples fram: ‘
2000 2530' 3100' 3600 , 4000

2230 2600' 3200 . 3700" ~ 4100'
2400 2750 3300". 3800" | 4300'
2500 2930 3430" | 3900 - 4500

I hope this works as an equitable method of dividing the task of supplying us
with the cuttings and cores. Thank you both for your efforts.

incerely,

)i, éﬁ%/@%/

Dennis L. Olmstead
Petroleum Engineer

DID:ak
cc:CPHillip M. Wright, UURI
Michael J. Cale, GEO Operator



Department of Geology and Mineral Industries
ADMINISTRATIVE OFFICE

VICTOR ATIYEH

SOVERNON 910 STATE OFFICE BLDG., 1400 SW 5th AVE., PORTLAND, OR 97201-5528 PHONE (503) 229-5580

August 12, 1986

Mike Wright

UURI, Earth Science Lab
391 Chipeta Way, Suite C
Salt Lake City, UT 84108

Dear Mr. Wright:

On August 10, 1986, we received the core samples from the Geo-Newberry
corehole N-1. I would like to thank you for supplying this material to us.

I would like to request a cut from the surface portion of the hole
which was rotary drilled. This would be a cut every 30' from the surface
‘to a 465' depth.

Your handling of this matter is appreciated.

Best regards,

Seeded

Dan E. Wermiel
Petroleum Geologist

DEW:rm



Department of Geology and Mineral Industries

ADMINISTRATIVE OFFICE |
Y e 910 STATE OFFICE BLDG., 1400 SW 5th AVE., PORTLAND, OR 97201-5528 PHONE (503) 229-5580

October 22, 1986

Mr. Mike Wright

URRI, Earth Science Lab
391 Chipeta Way, Suite C
Salt Lake City, Utah 84108

Dear Mr. Wright:

In August, 1986, I wrote you requesting a cut from the
surface portion of the Geo-Newberry N-1, Deschutes Co.,
Oregon. This would be a cut every 30' from the surface to a
465' depth.

This has not arrived to date, and would you please
provide a cut at this time.

Your handling of this matter is appreciated.
Sincerely,

Dan E. Wermiel
Petroleum Geologist

DEW/sf
AT1/wermiel/wright
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GEO-Newberry Crater, Inc.

A Subsidiary of Geothermal Resources International, Inc.

Sept. 11, 1986

Mike Wright

University of Utah Research Institute
Research Park

391 Chipeta Way, Suite C

Salt Lake City, UT 84108

Dear Mike:

I have attached a copy of an abstract which we

have submitted to the Fall AGU Meeting. Happy Reading.

Very truly yours,

%‘%4%ﬁm/

Chandler A. Swanberg, President

CAS/rs

enclosure

61419 South Highway 97, Suite A, Bend, OR 97701 (503) 389-6681




CORE HOLE DRILLING TO DEFINE THE THERMAL REGIME AT
NEWBERRY VOLCANO, CENTRAL OREGON

CHANDLER A. SWANBERG & JIM COMBS, (GEO OPERATOR CORP.,
1825 S. CGrant, Suite 900, San Mateo, CA 94402)

Geo Operator Corp., in conjunction with U.S. DOE, has
drilled two core holes on the flanks of Newberry
Volcano in central Oregon. GEO N-1 was cored to a
depth of 1387 m roughly 9 km south and GEO N-3 was
cored to a depth of 1220 m roughly 12 km north of the
caldera center.

GEO N-1, completed on 11/9/85,penetrated interbedded
pyroclastic lava flows and lithic tuffs ranging from
basalt through rhyolite in composition. The surface
cinders have been dated at 58351195 yr B.P. my (cl4).
Thirteen K-Ar age dates range from 0.027+0.009 my/(478m)
to 1.63%0.13 my (1082 m) with the ages increasing
systematically with depth. Five samples selected for
Fission Track age dating were either too young and/or
too impoverished in uranium to be dated. Two other age
dates (K-Ar [953 m] and Fission Track-apatite [495 m]
gave spurious (?) ages of 20-30 my. These ages are
comparable to pre-Newberry units thus leaving open the
possibility that magmatic and/or hydrothermal heating
may be effecting age dates throughout much of the
volcanic pile. A detailed temperature log (20.01°C)
measured 7 months after completion shows GEO N-1 to be
nearly isothermal at 6°C throughout most of its upper
900 m. Temperatures increase very rapidly between
990 m and 1020 m and then take on a conductive charact-
er reaching 73.36°C at 1220 m. Twelve thermal conduct-
ivity measurements representing one rhyolite and two
dacite flows yield a heat flow of 181 mWm 2.

GEO N-3 was campleted on 7/31/86 and a detailed
temperature log was completed on 8/18/86. GEO N-3 is
nearly isothermal @ 6°C throughout the upper 580 m and
nearly isothermal @ 52°C over the interval 610 m -
1192 m. The conductive gradient below 1192 m is
51°C/km and a preliminary estimate of heat flow is
90 mWm-2. Additional core holes are planned to more

accurately define the thermal regime.

Submittal information:

1.

2.

3.

4.

5.

8.

9.

1986 Fall Meeting

001374080

a)Chandler A. Swanberg
GEO OPERATOR CORP.

1825 S. Grant,Suite 900
San Mateo, CA 94402

b) 415 349 8181
T

8135 Hydrothermal System

35 check enclosed

C

lO.‘Oral presentation.
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ABSTRACT

GEO N-1 was drilled in November, 1985 by GEO-Newberry Crater, Inc., under
a cost-sharing agreement with DOE, at a surface altitude of 1783 m on the
south flank of Newberry Volcano, Oregon. Drill core, drilling data, and
geophysical data from the upper 1219 m of GEO N-1 are available to the public;
maximum measured temperature for the released interval is 71°C at 1219 m. The
drill core intercepted mostly andesitic to basaltic lava flows with
interlayers of ash-flow tuffs, lithic tuffs, cinders, and flow breccias; core
recovery was about 95 percent. Twelve basalt dikes intrude the flows between
622 and 719 m but there is little alteration at the contacts. Intense
fracturing and vesiculation are common in the basal and upper portions of most
flows whereas the flow interiors are generally very dense with few fractures.

Very little evidence for hydrothermal alteration was found in the upper
500 m of drill core; however, pre-hydrothermal, low temperature, amorphous
clay-like material and amorphous silica occur as fracture or vug fillings.
Below 500 m, most ash-flow tuffs contain smectite, and, although the lavas
generally show little alteration, many fractures and vesicles are lined with
secondary minerals: hematite, smectite, and carbonates (siderite,
kutnohorite, dolomite, rhodochrosite, calcite, and aragonite). Locally, small
amounts of B-cristobalite, chalcedony(?), chabazite, phillipsite, okenite,
illite(?), and pyrite were identified. The hydrothermal minerals were
probably deposited at the <71°C temperatures measured following drilling of
GEO N-1. :

# ?INTRODUCTION

Geothermal drill hole GEO N-1, located on the southern flank of Newberry
Volcano about 4.5 ¥m-putsidp "he <aldera rim at an elevation of about 1783 m,
was completed by GEO-Newberry Crater, Inc. (subsidiary of GEO Operator
Corporation) in November, 1985. This 1219+ m drill hole is the first Cascade
geothermal drill hole to be finished under a new program of the U. S,
Department of Energy (DOE). 1In this program, the U.S. government shares
geothermal exploration drilling costs with industry at approved drill sites.

A brief summary of data from the GEO N-1 drill hole by the University of
Utah Research Institute (UURI) Earth Science Laboratory, including abbreviated
descriptions of temperature and selected geophysical logs, is given in a
newsletter (UURI, 1986)." "GEO N-1 was rotary drilled to about 148 m, and then
was cored to 1219 m with about 95 percent core recovery. Below 1219 m,
information from this drill hole is proprietary, and has not been released by
GEO-Newberry Crater, Inc. Swanberg and Combs (1986) present preliminary
lithologic and temperature logs for the GEO N-1 drill hole; they also discuss
the results of several geophysical tests conducted in GEO N-1 and indicate
that such geophysical data may be of great importance to future geothermal
exploration in the Cascades. '

The drill core was logged and photographed upon recovery by GEO-Newberry
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‘Crater, Inc. and a split of the core was sent to UURI. A selection of. the
'UURI core (222 samples) including vein fillings, vug fillings, or -
representative samples of stratigraphic intervals was studied by us for
hydrothermal alteration mineralogy. 1In addition, GEO-Newberry Crater, Inc.,
provided 49 hydrothermal mineral samples, geophysical logs, and a color photo
log of the entire drill core. Altogether, 271 samples of the GEO N-1 drill.
core were studied by binocular microscope, petrographic microscope (15 thin
sections), and X-ray diffraction methods (more than 300 X-ray diffractograms).

LITHOLOGY

A lithologic log of the GEO N-1 drill core was compiled by GEO-Newberry
Crater, Inc., and made available through UURI. The log contains detailed
lithology notes and tentative rock identifications (pending receipt of thin
sections and chemical analyses). The GEO-Newberry terminology will be
followed in this report, modified only slightly on the basis of our
observations of the entire split of UURI core. Age data are not available for
any of the rocks recovered from the drill hole. The majority of core samples
consist of basaltic to andesitic lava flows and associated flow breccia,
pyroclastic, and ash-flow material (Fig. 1). Primary minerals in the lavas
vary with the chemical composition of the lava but are predominantly
plagioclase with varying amounts of olivine, clinopyroxene, orthopyroxene,
magnetite, and a-cristobalite; minerals such as hornblende or biotite are
noteably absent. Several lava flows contain vapor-phase tridymite,
alkali-feldspar(?), and magnetite that has altered to hematite. The deepest
lava flow available for study (1170.4-1219.2 m depth) is probably dacitic and
contains trace amounts of primary quartz. Textures of the lava flows may be
perlitic, massive, flow-banded, diktytaxitic, vesicular, or scoriaceous.
Between 622 and 719 m depth, 12 moderate to steeply dipping basaltic dikes (up
to about 12 m apparent core thickness) intrude the lava flows. '

The lava flows are commonly vesicular at the top and bottom, dense in the
interior and have intervening fractured intervals consisting of steeply
dipping tight fractures. Ash and cinder layers and lithic tuffs appear to
have good permeability where unaltered; one layer (567-572 m) retained
significant water in the pore spaces several months after recovery of the
drill core. At deeper intervals, below 830 m, ash-flow tuffs are pervasively
altered to smectite and the present permeability is presumably quite low.

PRE-HYDROTHERMAL ALTERATION

Many secondary minerals, not hydrothermal in origin, were deposited along
narrow fractures and in vesicles throughout the upper 610 m of the drill core,
especially above about 520 m. The deposits consist of thin coatings of
reddish iron oxide (mostly amorphous iron hydroxide but some hematite),
yellow, green, and pale blue soft amorphous material (which may be, in part, a
precursor to smectite), and scattered small amounts of amorphous silica.
Hematite was deposited at high temperatures during cooling of the lava flows
and ejecta; amorphous silica, amorphous iron hydroxide, and at least some of
the amorphous clay-like deposits are probably deuteric and formed at low
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' temperatures. Below 520 m depth some of these pre-hydrothermal minerals,

" especially hematite, persist: intermingled with hydrothermal deposits.. .
‘Amorphous clay-like material coating fractures and vesicles is similar in
appearance to hydrothermal clay coatings but lacks the smectite structure.
The abundant iron oxides, including some hematite in ash-flow tuffs, may have
formed by oxidation of primary magnetite during deuteric alteration.

HYDROTHERMAL ALTERATION

The lava flows are mostly very little altered. Below about 670 m depth,
thin fracture fillings or vesicles contain hydrothermal deposits, dominantly
carbonates (aragonite, calcite, dolomite, kutnohorite, rhodochrosite, and
siderite), smectite, and hematite with local minor amounts of silica minerals
(B—cristobalite and chalcedony?), zeolites (chabazite, and phillipsite),
okenite (one occurrence of the calcium silicate hydrate mineral), illite(?),
and pyrite (Fig. 2).

Fractures frequently have a smectite coating and may also contain one or
more of the several carbonate minerals. Most vesicles do not contain any
secondary minerals, but thin clay coatings and clusters of carbonate crystals
are sporadically abundant.

Hydrothermal alteration of the pyroclastic layers and flow breccias is
somewhat irregular. The flow breccias, ash-flow tuffs, and other pyroclastic
layers are 'not altered above 567 m (but do contain deuteric minerals). From
567 to 820 m minor clay alteration is present in three layers of ash and
cinders but one ash-flow tuff (659 to 664 m) and two layers of ash and cinders
(797 to 800 m and 816 to 820 m) are unaltered. Below 830 m, the pyroclastic
deposits are extensively altered to smectite; however, layers of ash and
cinders at 860 to 869 m, 897 to 901 m, 949 to 979 m, and 1125 to 1132 m have
only minor smectite alteration. Iron oxide is abundant in many of the ]
pyroclastic layers and usually stains the layers an earthy brick-red color.
Some of the iron oxides are amorphous but most were identified =z hemabtite by
X-ray diffraction.

Silica Minerals

Several cavities in samples from 1124 and 1172 m are partly coated by
bluish botryoidal B-cristobalite along with smectite, calcite, and siderite.
K-ray diffraction analysis of a massive green fracture filling deposit at 1178
m shows the presence of B-cristobalite and minor smectite, siderite, hematite,
and kutnohorite. B-cristobalite, smectite, and siderite were also identified
on an X-ray trace of a clayey fracture filling at 1185 m. The only other
hydrothermal(?) silica mineral in drill core GEO N-1 is yellowish botryoidal
chalcedony which coats flow breccia fragments at 555 m. Several samples of
white to clear amorphous silica deposits in the upper half of the drill core
may be of deuteric origin.




Carbonate Mirierals

Several carbonate minerals (aragonite, calcite, dolomite, kutnohorite,
rhodochrosite, and siderite) occur as vesicle or fracture fillings in the
lower half of the drill core; and calcite appears to replace plagioclase at
about 1200 m depth. Aragonite can generally be distinguished from the other
carbonates by its typical clear acicular crystals (as much as 1 cm long).
However, white powdery, clear massive, or white cauliflower-like aragonite
deposits were also verified by X-ray diffraction analyses.

Siderite, a fairly abundant carbonate mineral in the drill core, usually
occurs as distinctive light to dark caramel-colored or rarely greenish
discoidal, hemispherical, or spherical aggregates of rhombic crystals.
'Towery' stacked rhombic crystal clusters occur at 1090 and 1121 m. The color
of GEO N-1 siderite probably reflects its composition. Lighter caramel or
pale yellow siderite crystals have their most intense X-ray diffraction peak
at about 2.82 R corresponding to a manganese siderite (X-ray diffraction
identification of carbonate minerals is based on data of the Joint Committee
on Powder Diffraction Standards. No internal standard was used in any of the
X-ray diffraction measurements; however, accuracy of the measurements is
within about #0.02R.). 1In darker caramel-colored siderite crystals
(Fe-rich), the most intense X-ray peak occurs between 2.78 - 2.80 A.

The remaining four carbonate minerals (calcite, dolomite, kutnohorite, and
rhodochrosite) have no distinctive color or crystal habit. These open-space
deposits may be clear, white, pink, or yellowish in color; and they may
consist of powdery or massive deposits, blocky or acicular crystals, or
spherical to hemispherical crystalline aggregates. Most carbonate mineral
identifications in this study (including siderite) are based
on the position of the most intense X-ray diffraction peak as follows:
siderite (2.78 - 2.80 R), Mn-siderite (2.82 R), rhodochrosite (2.84 - 2.86
R), dolomite (or possibly ankerita) (2.2% . 2.90 R), kutnohorite (2.91 -

2.98 R), and calcite (3.02 - 3.05 R). Only a few samples of rhodochrosite

or dolomite (ankerite?) were identified in the GEO N-1 drill core (Fig. 2).
Characteristic X-ray peaks for these two minerals are fairly distinctive.
However some difficulty was found ‘in distinguishing between calcite and
kutnohorite because the presence of manganese in the calcite structure expands
the range of positions of the most intense X-ray peak from typical calcite
(3.02 - 3.05 R) to at least the upper border of the kutnohorite range (2.94

- 2.98 R) (Krieger, 1930). A further complication is that although
kutnohorite has a dolomitic structure, the X-ray peaks which are
characteristic of dolomitic structure may be too weak to detect, at least in
Ca-kutnohorite (Gabrielson and Sundius, 1965). 1In this study, the mineral was
identified as kutnohorite if the highest X-ray peak ranged between 2.94 and
2.98 R and calcite if the peak occurred at 2.99 to 3.05 R; even though

data in Krieger (1930) indicate that the most intense X-ray peak in calcite
with high manganese content may extend to 2.95 A.

In the GEO N-1 drill core, kutnohorite and calcite were not deposited in
distinctive zones; instead they overlap in their distribution throughout the
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lower half of the drill hole (Fig. 2). In some fractures or vugs, the two
minerals. are found together or are closely associated with up to three other
carbonate minerals. This suggests that the fluids that deposited the
carbonate minerals may have varied somewhat in cation composition with time.

Zeolite and Related Minerals

Chabazite and phillipsite are the only zeolite minerals found in the GEO
N-1 drill core. Flow rock between 801 and 802 m depth contain trace amounts
of clear to white, twinned, pseudorhombic chabazite crystals. Tiny, clear,
prismatic crystals from a lava flow at 756 m and three samples of open-space
fillings in a lava flow between 801 and 804 m were identified as phillipsite
by X-ray diffraction. The two zeolite minerals occur together in two of the
samples; calcite and smectite are the only other associated hydrothermal
minerals.

Okenite, a hydrous calcium silicate mineral, occurs as a soft white vug
filling in a lava flow at 857 m. Okenite typically is found in basalt
cavities in association with zeolite minerals (Heller and Taylor, 1956).

Clay Minerals

Smectite is the most abundant hydrothermal mineral found in the GEO N-1
drill core (Fig. 1). This white, yellow, green, brown, blue, or black clay
mineral ranges from poorly crystalline (low, broad X-ray peaks) to
well-crystallized with sharp (001) X-ray diffraction peaks that generally fall
within the range from about 15.2 - 16.7 R and expand to between about 17.0
and 18.3 R with glycolation (average values for 91 samples are 15.7 R
untreated and 17.6 R glycollated). No correlation was found between poor or
well-developed crystallinity, or position of the (001) X-ray peak, with depth
of smectite formation in thg G20 H-1 drill core. In the GEO N-1 drill core,
smectite occurs as whole rock (giass) alteration in pyroclastic samples and as
open-space (fracture and vug fillings) in the lava flows and flow breccias.
Smectite was deposited at several different times, occurring both earlier than
(beneath) and later than (above) some carbonate cavity and vein fillings.

Illite is provisionally identified (based on a low, usually broad,
approximately 10 & X-ray diffraction peak that showed no significant change
with glycolation) in a few X-ray diffraction analyses of whole-rock, vesicle,
and fracture filling samples from lava flows and pyroclastic deposits at
310-362 m, 568 m, 789 m, and 1217 m depth. The 10 R illite(?) mineral
formed later than calcite in one vesicle filling and is associated with
calcite, dolomite, and smectite in other samples.

Iron Oxide and Sulfide Minerals

Small patches of disseminated, very minute (= 0.02 mm), yellow,
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'metalllc. cub1c pyrlte crystals were 1dent1f1ed only at 943, 945 and 1068 m - -
in the GEO N-1 drill core. At 1068 m a pyrite veinlet crosscuts ‘iron oxide-f
. deposits, and pyrite crystals formed later than smectite in vesicles.
Associated minerals are smectite, calcite, siderite, and hematite.

Red deuteric amorphous iron oxide stains flow breccias, ash, and
tuffaceous layers and coats fractures in lava flows in the upper part of the
drill core. In contrast, crystalline hematite (identification based on X-ray
diffraction analyses) occurs below about 300 m in red-stained tuffs, altered
vapor-phase magnetite grains, and fracture coatings.

PARAGENETIC SEQUENCE

Deposition of the major secondary minerals began with vapor-phase
hematite, which formed during cooling of the lava flows and pyroclastic
intervals. During late-stage cooling and pre-hydrothermal circulation of
meteoric waters, amorphous iron hydroxides, and amorphous clay-like deposits
were precipitated. Hydrothermal smectite and carbonate minerals were
deposited later than vapor-phase minerals. Smectite alteration of the
pyroclastic layers occurred prior to carbonate deposition. Most open-space
smectite formed earlier than the carbonates; however, smectite is also found
locally deposited later than carbonate minerals. The several carbonate
minerals appear to have been deposited from fluids that varied greatly in
cation content with respect to time. Aragonite, however, formed later than
the other carbonates. Silica minerals, zeolite minerals, and okenite all
formed later than most smectite but their sequence relative to carbonates and
to each other are unknown. Pyrite formed later than hydrothermal hematite in
the single vein occurrence, and it formed later than smectite but earlier than
carbonate in the disseminated occurrences.

DISCUSSION

A maximum temperature of about 71°C was reported following drilling of the
GEO N-1 drill hole at 1219 m depth (UURI, 1986). Hydrothermal alteration
minerals identified from the drill core are consistent with these low
temperatures. The minerals form a nearly identical hydrothermal mineral suite
to that found at temperatures of less than 100°C in the upper 650 m of the
U.S.G.S. Newberry 2 drill core (Bargar and Keith, 1984; Keith and others,
1984) from a site about 7.5 km MNE of the GEQO N-1 drill site. In both drill
holes hydrothermal silica, zeolite, carbonate, and clay minerals were
deposited from migrating fluids, mostly in open-spaces of vugs, fractures, and
voids in flow breccias. Permeable ash-flow tuff and lithic tuff locally
display more intense alteration of glass to smectite. Some replacement of
plagioclase by calcite appears to have occurred in the vicinity of 1200 m in
the drill core from GEO N-1.

In drill core GEO N-1, the numerous carbonate phases are not confined to
discrete zones. Instead, the minerals may vary from fracture to fracture.

Such abrupt changes are especially true for calcite and kutnohorite; a
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" sequence of .three fractures can -have fracture #1 coated by calcite, fracture
. #2 by kutnohorite, and fracture #3 by calcite. - The fluids from which the .
minerals were deposited must have varied somewhat in chemical composition
between at least two of the three adjacent fractures, and, consequently, the
fracture fillings probably resulted from at least two separate fluid pulses.
In fact, it is likely that fluctuations in fluid cation (Mg, Ca, Mn, and Fe)
composition occur over a period of time because as many as four different
carbonate minerals (aragonite, siderite, calcite, and dolomite) were
identified in a single open-space filling. Aragonite is always the last
carbonate phase to be deposited, but, locally, it appears to have been partly
reordered to the more stable calcite phase.

The presence of 12 basaltic dikes between 622 and 719 m show that a
transient heat source was introduced near the area when the dikes intruded the
volcanic pile. Some of. the dikes have chilled margins preserved, but there is
no evidence of significant alteration directly adjacent to the contacts. The
dikes occur near the upper limit of the occurrence of hydrothermal alteration
minerals in the drill core.

Although the temperature gradient begins to increase at about 1000 m,
there are no changes in hydrothermal mineralogy at that depth. The existence
of smectite and amorphous clay-like material rather than mixed-layer clays
indicates that temperatures probably were never hotter than the present
measured temperature of about 71°C at 1219 m.

ACKNOWLEDGMENTS

We would like to thank GEO-Newberry Crater, Inc. and in particular M. J.
Johnson and C. A. Swanberg for providing us with complete sets of lithologic,
temperature, and geophysical logs for the GEO N-1 drill hole. P. M. Wright
and D. L. Nielson at UURI provided access to their split of the GEO N-1 core
gnd facilities for observing and sampling the core. The assistance of M. H.
Price with X-ray diffraction analyses is gratefully acknowledged.



REFERENCES CITED

Bargar, K. E., and Keith, T. E. C., 1984, Hydrothermal alteration mineralogy in
Newberry 2 drill core, Newberry Volcano, Oregon: U. S. Geological Survey
Open-File Report 84-92, 50 p.

Gabrielson, 0., and Sundius, N., 1965, Ca-rich kutnochorite from Langban,
Sweden: Arkiv For Mineralogi Och Geologi, v. 4, p. 287-289.

Heller, L., and Taylor, H. F. W., 1956, Crystallographic data for the calcium
silicates: London, Her Majesty's Stationery Office, 79 p.

Keith, T. E. C., Mariner, R. H., Bargar, K. E., Evans, W. C., and Presser, T.
S., 1984, Hydrothermal alteration in Oregon's Newberry Volcano No. 2:

Fluid chemistry and secondary-mineral distribution: Geothermal Resources
Council Bulletin, v. 13, p. 9-17.

Krieger, P., 1930, Notes on an X-ray diffraction study of the series
calcite-rhodochrosite: American Mineralogist, v. 15, p. 23-29.

Swanberg, C. A., and Combs, J., 1986, Geothermal drilling in the Cascade Range:
Preliminary results from a 1387-m core hole, Newberry Volcano, Oregon:

EOS, Transactions, American Geophysical Union, v. 67, p. 578-580.

UURI, 1986, Announcement of open file data release: Cascades Newsletter, no.

2, 2 p.



Figure 1.

Figure 2.

FIGURE CAPTIONS

Preliminary lithologic log of core from drill hole GEO N-1,
based on stratigraphic data made available by GEO-Newberry Crater,
Inc. ’ )

Distribution of selected secondary minerals with depth in
geothermal drill hole GEO N-1. Left column shows a generalized
stratigraphic section of rock units encountered in the drill hole
including: basaltic or andesitic lava flows (star pattern),
tuffaceous or pyroclastic material (solid), basaltic dikes
(diagonal lines), and dacitic lava flow (horizontal lines). The
column is blank above 148 m where no core was recovered. Filled
circles are temperatures measured during drilling from the log
provided by GEO-Newberry Crater, Inc. The temperature curve is
dashed where measurements were imprecise. The maximum measured
temperature was 61.1°C at 1208.2 m; however, maximum temperatures
of 68.3°C and 71.1°C were recorded at 1219.2 m on subsequent
temperature logs (Swanberg and Combs, 1986; UURI, 1986).
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GOVERNOR

Department of Geology and Mineral Industries
ADMINISTRATIVE OFFICE

vicToR ATivEn 910 STATE OFFICE BLDG., 1400 SW 5th AVE., PORTLAND, OR 97201-5528 PHONE (503) 229-5580

-

July 8, 1986

Mr. Mike Wright

UURI, Earth Science Lab

391 Chipeta Way, Suite C
Salt Lake City, Utah 84108

Dear Mr. Wright:

In April, 1986, Dennis Olmstead wrote you regarding the GEO
Operator Corporation N-1 well, Deschutes Co., Oregon. Certain material
was requested from you, which has not yet been received.

Please send the following material to my attention:

a) Representative samples of cores. GEQO Operator Corp.
has supplied samples from 2000' to total depth. Per
our agreement, you are to provide samples from surface
down to 2000'. The core samples you are to submit are:
500', 695', 750', 900", 960', 1100', 1180', 1230', 1275',
1350', 1375', 1460', 1600', 1750' and 1870'. The core
samples should be approximately 6" in length or a split
6" in length from the named depths.

b) Amounts of rods left in the hole.
c) Depth to water.
d) Continuous lithology descriptions.

You are required to submit this material to us, and your prompt
attention to this matter is appreciated.

Best regards,

€ W

Dan E. Wermiel
Petroleum Geologist

DEW:ab
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Department of Geology and Mineral Industries

ADMINISTRATIVE OFFICE
N e 910 STATE OFFICE BLDG., 1400 SW 5th AVE., PORTLAND, OR 97201-5528 PHONE (503) 229-5580

GOVERNOR

July 8, 1986

Mr. Mike Wright

UURI, Earth Science Lab

391 Chipeta Way, Suite C
Salt Lake City, Utah 84108

"Dear Mr. Wright:

In April, 1986, Dennis Olmstead wrote you regarding the GEO
Operator Corporation N-1 well, Deschutes Co., Oregon. Certain material
was requested from you, which has not yet been received.

Please send the following material to my attention:

a) Representative samples of cores. GEO Operator Corp.
has supplied samples from 2000' to total depth. Per
our agreement, you are to provide samples from surface
down to 2000'. The core samples you are to submit are:
500', 695', 750', 900', 960', 1100', 1180', 1230', 1275',
1350', 1375', 1460', 1600', 1750' and 1870'. The core
samples should be approximately 6" in length or a split
6" in length from the named depths.

b) Amounts of rods left in the hole.
.«c) Depth to water.
d) Continuous lithology descriptions.

You are required to submit this material to us, and your prompt
attention to this matter is appreciated.

Best regards,

ROVE AN

Dan E. werm1e1
Petroleum Geologist .

DEW:ab
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Department of Geology and M/’/zera/ /Industries

ADMINISTRATIVE OFFICE
| VICTOR ATIVEH 1005 STATE OFFICE BLDG., PORTLAND, OREGON 97201 PHONE (503) 229-5580

June 6, 1986

Mr. Bruce Sibbett

University of Utah
Research Institute

391 Chipeta Way, Suite 8

Salt Lake City, UT 84108 -

Mr. Chan Swarnoerg

GEO Operator Corporation

2300 County Center Dr., Suite 250
Santa Rosa, CA 95401

~ Dear Bruce and Chan:

I understand you have each agreed to supply for ocur sarple repository half of the
1985 samples from well N-1 at Newberry Crater. This sounds like a good answer to
the problem and below I propose how this should be done. I don't know the avail-
ability of c'uttJ.ngs fram the rotary drilled portion of the well (0' to 470'), but
thase samples are included in the proposed list.

The core samples to be submitted should be approximately 6 inches in lenth (or a
split 6 inches in length) from the named depths.

DOE/UURI to submit:
(1) cuttings samples at 30 ft intervals 0' to 450°
(2) core samples from:

500" 900" 1180" - 1350 - 1600’
695" 960" 1230' 1375' 1750'
750" | 1100 1275 1460°' 1870"

GEO QOperator to submit:
(1) core samples fram:

2000 2530 3100' 3600 4000'
2230' 2600 3200" | 3700' 4100°
2400' 2750" 3300". . 3800 4300"
2500' 2930°' 3430 | 3900 . 4500'

I hope this works as an equitable method of ‘dividing the task of supplying us
with the cuttings and cores. Thank you both for your efforts.

Sipcerely,

5 %«d :
Dennis L. Olmstead
Petroleum Engineer

DIO:ak
cc: Phillip M. Wright, UURI '
Michael J. Cale, GEO Operator

P




THE UNIVERSITY OF WYOMING
DEPARTMENT OF GEOLOGY AND GEOPHYSICS
" P.O. BOX 3006

o8 LARAMIE, WYOMING 82071
SLLRRLNY(307) 766—3386

.
*
-

g@;&h@g’aﬂ”iﬁ 29 July 1986

Mike Wright

Earth Sc1ence Laboratory . .
TURT %%i‘) W "
391 Chipeta Way, Suite C

Salt Lake City, UT 84108

Dear Mike:

For your information, a copy of the NSF proposal describing our
work at Newberry is enclosed. Blanks from the samples we took from
the core have been cut and sent off for thin.sections. As soon as we
have any preliminary results we will send you them. Again, thanks
very much for your assistance.

Sincerely,
James D. Myers

Assistant Professor
JM/nf
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Introduction

The origin of compositionally diverse igneous suites has remained a
prominent topic in the geologic 1literature most of this century. The
convincing arguments of Bowen (1928) persuaded many petrologists that crystal
fractionation was the dominant process in the generation of basalt-andesite-
dacite-rhyolite volcanic suites. Recent Studies have, however, revealed the
importance of basalt magma-crust -interaction in generating such suites (Myers
and Marsh, 1981; Grove et al., 1982; Bacon et al., 1984; Wiebe, 1980). Since
basaltic magmas encounter considerable thicknesses (20-50 km) of crust
compositionally different from themselves, continental volcanic centers are
ideally suited for the study of basalt magma-crust interaction.

Newberry Volcano, which lies 60 km east of the crest of the Cascade Range
(Fig. 1), 1is one of the largest Quaternary volcanoces (>1300 ka) in the
conterminous United States. A composite summit caldera, associated rhyolitic
flows and domes, andesitic to rhyolitic pyroclastic deposits, and more than
400 cinder cones rest on a broad basalt/basaltic andesite shield. The entire
volcanic system appears to be less than one million years old with numerous
Holocene eruptions occurring as recently as 1,400 years ago (MacLeod et al.,
1981). While several geologists have studied various aspects of the Newberry
Volcano (Higgins, 1973; Beyer, 1973; Williams, 1935, 1957), no comprehensive
petrologic study has been made of this compositionally diverse volcanic
center. In the light of the reinterpretation of the volcanic history by
MacLeod et al. (1981, 1982) and the evidence of basalt magma-crust interaction
(see below), a new modern petrologic study of this important Cascade volcano
is warranted.

Geologic and geochemical data presently available suggest that some
combination of c¢rystal fractionation, crustal assimilation, and hybridization
are responsible for the wide range of compositions observed. To evaluate the
relative roles of the aforementioned processes, we propose to carry out an
extensive petrographic, geochemical, and isotopic study of the Newberry
volcanic rocks. If crustal assimilation has been important at Newberry, we
will be in a position to evaluate basalt magma-crust interaction, in a general
context, by comparing the Newberry system to other volcanic centers such as
Edgecumbe (Myers and Marsh, 1981), Medicine Lake (Grove and Donnelly-Nolan,
1986; Gréve et al., 1982), and South Sister (Clark, 1983) where assimilation

has been demonstrated. By such a comparison, we hope to determine if
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contamination/assimilation in similar tectonic and geologic environments
follows a general petrologic pattern with only minor local variations or if
each example of basalt magma-crust interaction is a completely unique event.
Our proposed study is timely not only in regard to the renewed interest
in the petrologic development of continental volcanic suites but also in light
of the ongoing drilling program at this volcanic cenﬁer. At the present time,
a 900 m deep hole in the caldera and a 1,219 m DOE-funded well on the southern
flank of the volcano have been completed. By fall 1986, a second deep core
from the northern flank will also be available. These cores provide a rare
opportunity to examine a very thick volcanic stratigraphic section and provide
an important complement to surface geologic data. Due to the limited core
volumes relative to the entire volcanic pile, understanding the recovered
sections will require a sound petrologic model of the volcanic center as a

whole.

Newberry Volcano

Previous Studies

In a ,remarkable study, Williams (1935) mapped, in reconnaissance, the
flanks of Newberry Volcano and studied the caldera in greater detail., Most
subsequent investigations, guided by the work of Williams, have focused on the
geology of the caldera or the young flank basalts (Bestland, 1985; Friedmann,
1977; Beyer, 1973; Higgins, 1969, 1973; Higgins and Waters, 1968, 1970
Peterson and Groh, 1969). Recent studies by the Geothermal Research Program
of the U.S. Geological Survey have provided substantial new data on the basic
geology and stratigraphy of the Newberry system. Foremost among these
contributions are a new geologic map and new K-Ar dates (MacLeod et al., 1981,
1982). These data require considerable reinterpretation of the history of the
volcano including caldera formation and subsequent volcanic activity. Recent
and ongoing investigations of Newberry also include: (1) a U.S. Geol. Sur.
geothermal drilling program (Sammel, 1981); (2) an interpretation of magnetic
and gravity data (Griscom and Roberts, 1983); (3) a P-wave velocity
investigation of the upper crust below the volcanc (Stauber et al.,, 1985); and

(4) a DOE funded deep (1200 m) drilling program on the flanks of the volcano.



Regional Setting

Newberry Volcano is a Quaternary shield volcano located in central Oregon
about 60 km east of the axis of the High Cascade volcanic chain (Fig. 1). In
a regional sense, Newberry lies a£ the'west end of the High Lava Plains. This
terrain consists of Miocene to Quaternary basalt flows and vents and
associated rhyolitic complexes (Walker, 1974). Analysis of the ages of the
rhyolitic rocks shows that Newberry lies at the western end of a well-defined
monotonic westward-younging age progression (Fig. 2; MacLeod et al., 1975).
Intersecting fault zones appear to have played an important role in

controlling vent locations.

General Geology

The following description of Newberry geology is summarized from MacLeod
et al. (1981, 1982). The shield underlying the Newberry caldera is about 1 km
thick, elliptical in map view (40 km in the north-south direction and 30 km in
the east-west direction), and topped by a 6 km wide caldera. The oldest
exposed rocks consist of flank basalts and basaltic andesites, rhyolitic
domes, and basaltic andesite to rhyodacitic tuffs (Fig. 3). These units yield
K-Ar ages of up to 600,000 years.. Younger basalt and basaltic andesite cinder
cones and associated flows occur in arcuate zones on the flanks and are as
young as 5,800 years {(carbon-l4 age). In contrast to the recent, dominantly
mafic eruptions from the flanks, volcanism associated with the summit caldera
has been predominantly rhyolitic during the last 6,000 years. The most recent
eruption of Newberry Volcano was a rhyolitic extrusion occurring 1,350 years
ago.

Considered as a whole, the volcano is made up of greater than 95 percent
basalt/basaltic andesite. Published geochemical data indicates that these
mafic rocks consist of two divergent compositions - one 1is calc-alkaline and
very similar to High Cascade basalts whereas the other is high-iron tholeiite
(Fig. 4; Beyer, 1973}. Although the calc-alkaline lavas lie along the major
element trends for most oxides, the high-Fe basalts are significantly
displaced from these arrays. Figure 4 also shows only minor variation in
major element compositions for the silicic rocks at Newberry. Based on trace

element abundances, the rhyolitic rocks can, however, be divided into two
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distinct groups (Fig. 5). One gfoup is characterized by very high Rb/Sr and
Ba/Sr ratios whereas the other has much lower ratios. Unlike the mafic and
siliceous rocks, volcanics with 53 to 60% 810, define fairly systematic
compositional trends (Fig. 4). Several large ash flows, mapped by Macleod et
al. (1982), are variable in composition .(andesite to rhyodacite) and include
abundant fused xenoliths. Mixed magma textures and phenocryst disequilibrium
features are also common in lavas near the caldera (Higgins, 1973).
Unpublished strontium isotopic analyses display significant variation (Fig. 6;

Sinha, 1985, personal communication).'’

DOE Drilling Program

The U.S. Department of Energy (DOE) Division of Geothermal and Hydro-
power Technologies 1is currently conducting a program to support geothermal
industry efforts in the Cascades volcanic region. As part of this cost
sharing program, GEO-Newberry Crater, Inc. completed one geothermal gradient
hole at Newberry in November, 1985. The hole, corehole N-1, is located 1,067
m (3500 ft) west and 747 m (2450 ft) north of the SE corner of Section 25,
T225, RI2E in Deschutes County, Oregon (Fig. 3, approximately 8 km south of
the southern caldera rim). The 9.65 cm (3.8 in) hole was drilled to a depth
gréater than 1200 m with 95% core recovery. A second deep (1200 m) hole is
being drilled by GEO during the summer of 1986. Scheduled to be completed
August, 1986 (the well is at 762 m at this writing - July, 1986), this hole,
corehole N-3, is located approximately 7 km north of the northern caldera rim
(Fig. 3). A third hole is tentatively scheduled for 1987. The public split
of these cores is administered by the Earth Sciences Laboratory of the
University of Utah Research Institute (UURI). No petrologic studies of these

cores are planned by UURI.

Petrologic Objectives

Previous studies of the Newberry system concluded that the suite was
generated entirely through crystal fractionation (Beyer, 1973) controlled in
part by the presence of a caldera lake (Higgins, 1973). The significant
875r/86sr variation precludes generation of the entire suite by such a process
and suggests some of the compositional diversity must result from
contamination. The presence of fused xenoliths as well as disequilibrium

phenocryst assemblages may also be evidence of basalt magma-crust



Fig. 5: Rb/Sr and Ba/Sr ratios plotted against silica. At high Si0, contents
(>70%), a group of high as well as low ratio lavas exist. Data
source: N.S. Macleod, 1985, unpublished data.



interaction. At the same time, the mixed volcanics may be indicative of magma
mixing. Clearly, these results require a reinterpretation  of the magmatic
evolution of this volcanic center, In particular, some of the questions that

must be addressed include:

(1) The nature of the voluminous basalt/basaltic andesite lavas of the
shield. Are they related through a long lived fractionating and
replenished system or arelthey magmaﬁic hybrids of some sort? Can we
discern a parental magma type for these basic volcanics or has

hybridization erased such evidence?

(2) The relationship of the early silicic rocks to the contemporaneous
basaltic volcanics of the flanks. Are these rhyolites residual liquids
from the basaltic magmas or partial melts of crustal rocks? Was there a
single, compositionally stratified magma chamber or did the rhyolitic

system evolve independently?

(3) The origin of the andesitic to rhyodacitic pyroclastic rocks. Do they

represent explosive interaction of basaltic and rhyolitic magmas?
(4) The relation of the young basalt-rhyolite comagmatic suite to the older
volcanics. Was their evolution a continuation of an earlier episode of

volcanism or independent yet analogous?

(5) The petrologic connection of the late rhyolitic activity to the mafic

volcanism of the cinder cones on the flanks of the basal shield.
Answering these questions requires data that are presently unavailable.

Planned Work

Our work at Newberry is divided into two distinct but closely related
phases. One phase involves extensive geologic mapping designed to document
temporal and spatial relations of the principal eruptive products. This
fieldwork, based on the geologic and temporal framework of Macleod et al.
(1982), will 1include supplemental mapping at a scale of 1:24,000 and

estimation of the variability and volume of individual voleanic units. The
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other phase involves a petrologic examination of the available DOE cores,
Eighty samples, representing all major flow units, have been selected for
study from core N-1 (Fig. 7). Similar samples will be obtained from core N-3
when it becomes available in the fall of 1986. Samples taken from the core
are sufficient for both thin section and analytical work. Consequently, the
proposed work described in the following paragraph refers to core samples as
well as surface material,

Extensive petrographic and geochemical analyses will be performed on the
Newberry volcanics. Thin section study will determine phenocryst phases,
their modes, textural relationships, crystallization sequences as well as
other important petrographic characteristics (eege presence/absence of
xenocrysts and/or xenoliths, =zoning patterns, etc.). To determine the
geochemical characteristics of the volcanic suite, each sample will be
analyzed for major and trace element compositions. A subset of these samples
will also be analyzed for REE. Based on the petrographic and bulk rock data,
a representative suite of samples will be chosen for extensive microprobe
study. For each phenocryst phase, microprobe analysis will determine
compositional ranges, zoning, as well as minor element abundances (e.g. Ca in
olivine, Al in orthopyroxene). Groundmass mineral compositions will also be
determined. 1In conjunction with petrographic observations and published phase
diagrams, the microprobe data will be used to infer the intensive parameters
of crystallization (T, P, fH20, £f02). Using fieid relations, we should be
able to detect any changes in these parameters as well as bulk rock
characteristics with time. Geochemical models comsistent with our analytical
data must also be compatible with field relations. Bulk rock strontium and
neodymium® isotopic analyses from important representative samples, as defined
by the first phase of our study, will be used to verify (or negate) the
relative roles of the proposed petrologic processes. If deemed useful, we

will also attempt to document phenocryst-groundmass isotopic disequilibrium.

Quantitative Modelling

An essential aspect of this project is the formulation of quantitative
geochemical models. This modelling can be divided into two parts. First,
identification of a parental magma(s) and the determination of 1its
source(s). Recognition of the parental magma must be based as much on

geologic as geochemical data. For example, lavas containing abundant
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Xenocrysts or xenoliths are unlikely to approximate true liquid
compositions, Having identified the parental magma(s), the nature of the
source(s) capable of yielding such a liquid(s) must be discerned. Given the
tectonic setting, likely magma sources 1include: 1) the subducted oceanic
plate; or 2) the mantle wedge. Using phase projections (0’Hara, 1976; Walker
et al., 1979) and the thermodynamic procedure of Carmichael et al. (1977), the
capability of each source to yield such liquids will be tested. Employing the
equations of Shaw (1970) and Hertogen and Gijbels (1976), we will calculate
the trace element abundances of partial melts of these sources and compare
them to those of the parental magmas. Strontium and neodymium isotopic data
should also be useful in determining the source region of the parental magmas,
e.g. the plate-wedge region or perhaps the lower crust.

The second part of this work involves modelling the processes that
produced the compositionally diverse volcanic suite. This work can be divided
into three 1interrelated components, i.e. major elements, trace and RE
elements, and 1isotopic compositions. The relative importance of crystal
fractionation, contamination/assimilation and magma mixing will be evaluated
using various pseudo-ternary phase projections (OfHara, 1976; Walker et al.,
1979; Grove et al.,, 1982). ©Possible crystal fractionation trends defined in
this manner will be examined in detail using measured phenocryst compositions
and mass balance programs (Wright and Doherty, 1970; Stormer and Nicholls,
1978). These results will, in furn, be tested using trace and RE element data
(Greenland, 1970; Arth, 1976). Because they are not affected by crystal
fractionation, isotopic’ data can be wused qualitatively to test proposed
fractionation schemes. On a more quantitative basis, they provide a means of
evaluating assimilation and magma mixing. Provided the magmatic end members
are not characterized by significant compositional variability, models exist
to evaluate simple two component mixing (Vollmer, 1976; Langmuir et al.,
1978), combined AFC (DePaolo, 1981), systems with variable contaminant
compositions (Myers et al., 1984) and AFC combined with replenishment
(DePaolo, 1985). If the proposed end members are compositionally variable,
these effects can be accomodated by a new mathematical procedure developed by
Myers and Angevine (1986) and Myers et al. (1986a). This technique has proved
very useful in examining Aleutian arc magma petrogenesis (Myers et al.,
1986b). Because they behave differently in magmas crystallizing plagioclase

(i.es. Nd is an incompatible element and Sr compatible), combined Nd and Sr
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isotopic data will be useful in. assessing the details of magma evolution

(DePaolo, 1985). The variation in strontium and neodymium isotopic ratios for
Newberry materials is expected to be small but significant. The range in

87Sr/86Sr measured by Sinha (unpublished data) is from 0.7033 to 0.7038. No
neodymium isotopic data are yet available from Newberry but at Mount  St.

Helens, £xd for measured samples varied from +4,1 to +7.,7 (Halliday et al.,
1983). Ranges 'in isotopic ratios of this magnitude were sufficient for
quantitative petrogenetic modeling at Mount St. Helens (Halliday et al., 1983)
and Edgecumbe, Alaska (Myers et al., 1984; Myers and Sinha, 1985). Thus,
isotopic data should prove useful for quantitative modelling of Newberry
parental magma sources and subsequent processes. These data will also be
complemented by extensive geologic, petrographic and geochemical
information. Clearly, our extensive database will enable us to employ a
variety of quantitative models in our attempt to determine the evolution of
the Newberry volcanic suite. This multi-faceted approach offers the best

opportunity to distinguish between petrogenetic processes that could have been

operative in the Newberry magmatic system.

Petrologic Significance

Recent studies of Quaternary High Cascade volcanoes suggest similar
processes are responsible for other compositionally diverse volcanic suites.
Grove et al. (1982) and Grove and Donnelly-Nolan (1986) have presented
petrographic, geochemical and experimental evidence indicating  that
fractionation, assimilation and magma mixing combined to produce the lavas at

Medicine Lake Volcano. 1In addition, Eichelberger (1981) has shown physical
evidence of mixing between basaltic and rhyolitic magmas in relation to the
eruption of the Glass Mountain lava flow. Clark (1983) concluded that the
basalt to rhyodacite suite at South Sister Volcano developed from extensive
interaction between ascending basaltic magma and silicic crustal rocks at
shallow depths. Similar mechanisms of assimilation and magma mixing have been
proposed for Mount Adams (Hildreth and Fierstein, 1983), Mount Mazama (Bacon,
1983; Richey, 1980), and Mount St. Helens (Halliday et al., 1983). Knowledge
of the relative importance of crystal fractionation,
assimilation/contamination and magma mixing is important in understanding the

evolution of Cascade volcanic centers.
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The Newberry volcanic system has been chosen for this extensive
petrologic study for several reasons. The 1lavas at Newberry display
tremendous compositional wvariation. Contemporaneous silicie to mafic
volcanism has occurred until the 1last few thousand years providing Efresh
samples necessary for such a study. There 1is excellent control on the
eruptive history of the system from both surficial mapping (MacLeod et al.,
1982) and deep drilling. Complementary geophysical studies offer additional
data about subsurface magma chamber configuration.

With the completion of our study, extensive databases will be available
for at least four continental volcanic centers (i.e. Edgecumbe, Medicine Lake,
Mount St. Helens and Newberry). Using these data, we will be able to compare
and contrast the evolutionary trends of four centers with similar geologic
settings. 1In particular, comparisons can be made between intercenter spatial
and temporal relationships as well as petrographic, geochemical and isotopic
characteristics., A detailed comparison of this nature- will serve two
purposes. First, examination of the 1intercenter temporal and spatial
relationships may shed light on the physical development of continental magma
chambers. For example, are continental magma chambers composed of a single,
compositionally stratified chamber (Hildreth, 1979, 1981), a large mafic
chamber topped by individual magmatic cupolas (Myers and Sinha, 1985) or some
other configuration? The physical arrangement of a magma chamber has direct
bearing on the geochemical evolution of its magmas as well as on the nature
and timing of volcanic eruptions. Secondly, an intercenter comparison may
suggest the factors that control the evolution of hybrid 1liquids. Such
variables may include: a) parental magma composition; b) wallrock
composition; «¢) tectonic setting; ‘or 3) the intensive parameters of
“crystallization and assimilation (i.e. T, P, fypo» etce). Determining the
relative importance of these factors will be useful in understanding magmatic
evolution and planning future petrologic studies. For example, 1if tectonic
setting is of prime importancé, specific models could be derived for different
settings and used to examine volcanic centers in such settings. In a similar
manner, models could be derived for intensive variable controlled evolution.
Local control of magmatic evolution (e.g. wallrock and/or parent magma
composition) implies, however, that each example of basalt magma-crust
interaction 1is a unique event. In this context, only the most general

framework can be derived to guide future studies. Recent regional studies in
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Central America (Carr, 1984) and the Andes (Thorpe et al., 1984) conclude that
a variety of these factors have combined to produce continental volcanic
suites in these arcs. Clearly, knowledge of the factors controlling magmatic
evolution at a number of continental volcanic centers is very important,
Additional complexity is added to the Newberry problem when the tectonic
setting of the volcano is considered. Spatial association and geophysical
data indicate that the High Cascade volcanic chain 1s related to the
subduction of the Juan de Fuca plate beneath North America, though geochemical
evidence is not conclusive (McBirney and White, 1982). Although Newberry
Volcano 1is often included as part of the Cascade Range (Fig. 1), it 1is also
located on the westernmost edge of the Basin and Range volcanic province.
Some workers have identified Newberry as the youngest in a series of extension
related magmatic systems initiated at the intersection of the Basin and Range
with the Columbia Plateau (Christiansen and McKee, 1978). Identification of.
parental magmas at Newberry could aid in resolving these tectono-magmatic
questions. If the parental magmas are compatible with a subduction origin, we
can contrast the magmatic evolution of the Newberry system with that of other
subduction-related volcanoes. For example, comparison of Newberry with island
arc volcanoes (e.g. the Aleutians) can be made in terms of mineralogy,
eruptive volumes, geochemical and isotopic variability. Differences in these

factors must be explained by models of continental volcanism.

Summary

Newberry volcano, which lies 60 km east of the crest of the Cascade
Range, is one of the largeét Quaternary volcanoes in the conterminous U.S. A
composiﬁe summit caldera, associated rhyolite flows and domes, andesitic to
rhyolitic pyroclastic deposits and more than 400 cinder cones rest on a
basalt/basaltic andesite shield. Recent mapping by MacLeod ‘et al. (1981,
1982) has necessitated a re-interpretation of the evolutionary history of this
volcanic center. At the same time, unpublished 875¢/8%sr data suggest some
component of contamination must have played a role in the generation of the
volcanic suite. Consequently, we propose to conduct a detailed petrologic
investigation of the compositionally diverse Newberry volcanic suite. In
particular, we are interested in determining the relative importance of
crystal fractionation, crustal assimilation and hybridization. To accomplish

these goals, we plan a combined field and analytical study. Field work,
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guided by the geologic and stratigraphic framework of Macleod et al. (1982),
will document the temporal and spatial relations of the principal eruptive
products. At the same time, the two DOE-cores will provide unique vertical
sections through the volcanic pile, Petrographic study will determine
phenocryst phases, their modes, . textural relationships, c¢rystallization
sequences as well as other important characteristics. The geochemical nature
of the volcanics will be established by major, trace, and RE element and
neodymium and strontium isotopic analysis. Using fhis extensive analytical
database, we will be able to employ a variety of quantitative models to
unravel the evolution of the Newberry suite. In particular, we will use major
element phase projections and mass-balance calculations to define likely
petrogenetic schemes. These models will be tested quantitatively with trace
and RE element and 1isotopic data. Our proposed study has three basic
petrologic objectives. First, we wish to evaluate the relative importance of
crystal fractionation, crustal assimilation and magma mixing in the evolution
of continental volcanic suites. In a larger context, comparison of our
Newberry results with data from other well-studied continental centers may
allow us to ascertain if contamination/assimilation in similar tectonic and
geologic environments follow a general petrologic pattern or if each example
of basalt magma-crust interaction 1is a completely unique event. Finally,
identification of the character of Newberry parental magmas may aid 1in
establishing if Newberry is part of the Cascade chain or associated with the

intersection of the Basin and Range with the Columbia Plateau,
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preparation at UW.
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Budget 1987 1988 Total
PERSONNEL
JiD. Myers (1 1/2 mo) 5,990 - 5,990
C.D. Frost (1 mo) ' - 3,402 3,402
Scott Linneman, R.A.

academic year 6,000 6,000 12,000

summer 3,000 3,000 6,000
Secretarial and Clerical 2,500 2,500 5,000
‘Total Salaries 17,490 14,902 32,392
Fringe Benefits (20% less academic year for RA) 2,298 1,780 4,078
Total Salaries and Fringe 19,788 16,682 36,470
FIELD SUPPORT
Travel (Laramie-Oregon) 500 500 1,000
Food and supplies (for 2 for 3 months) 2,200 2,200 4,400
ANALYTICAL SUPPLIES
Thin sections and probe mounts ($10/ea) 2,000 2,000 4,000
Microprobe time ($25/hr) 2,500 2,500 5,000
ICP supplies 2,000 1,000 3,000
Reagent supplies for isotopic analyses (ac1ds,

beakers, filaments, etc.) - 2,000 2,000
Mass spec time ($25/hr) - 4,500 4,500
REE analysis (reactor time, vials,

transportation costs, etc.) 1,000 1,500 2,500
TRAVEL 1,000 1,500 2,500
PUBLICATION (page charges, drafting) 1,500 2,000 3,500
TOTAL DIRECT COSTS 32,488 36,382 68,870
INDIRECT COSTS (39% MTDC) 12,670 14,189 26,859
TOTAL REQUEST 45,158 50,571 95,729
1The larger request for 1987 reflects the cost of setting up the sample



Appendix A: Work Plan and Analytical Procedures

A proposed research project such as this in which both geochemical and
petrologic approaches are used requires careful planning and cooperation to
obtain the most information from each aspect of the study. We enjoy close
contact with Dr. N. S. MacLeod of the U.S. Geol. Sur. Cascade Volcanic
Observatory, who oversaw much of the recent work at Newberry Volcano. Our
cooperation with Dr, MacLeod allows us access to many U.S. Geol. Sur. samples
(including core of the 1981 caldera drillhole) and unpublished analyses of
Newberry volcanic rocks. We plan to work closely with Dr. MacLeod throughout
the duration of this study. '

Due to the magnitude of this project, we have carefully divided
responsibilities for the petrographic and geochemical work. As his PhD
thesis, Mr. Scott Linneman will be responsible for the geologic field mapping
and the petrographic and geochemical analysis of associated samples. The
examination of the cores will be largely the responsibility of Dr. James
Myers. In all aspects of this part of the project, he will work closely with
Mr. Linneman. Thin sections of the N-1 core samples are presently being made
and extensive petrographic work will begin 1in September with probe and
geochemical analyses soon after. To facilitate study of our core samples, we
will return to UURI in the fall to make a detailed description of the N-1
core., Samples from N-3 will also be obtained sometime this fall,

Field work will begin in August, 1986 and last for at least two months
each season. The field work will be detailed (not simply a sampling exercise)
as it comprises a critical aspect of the study. No meaningful interpretation
of petrographic, geochemical, or isotopic data can be made without sound
geologic foundations. Our field work will include: (1) additional detailed
mapping in conjunction with that of MacLeod et al. (1982); (2) volume
estimates of all key extrusive units; (3) special observation for evidence of
physical processes operating (e.g. fused xenoliths and mixed lavas); and (4)
collection of an extensive suite of samples for petrography and analytical
work. To evaluate their compositional variability, our sample collection will
include multiple samples of certain flows.

Extensive petrographic examinations of the samples (core and surficial)
collected from Newberry will be made at the University of Wyoming. This work
will determine the phenocryst mineralogy and textural relations. The
abundances of each phenocryst phase will be determined by point counts using a
Swift automated point counter. These data are necessary to evaluate
crystallization sequences as well as determine crystallization conditions by
comparison with experimental studies.

Whole rock geochemical analyses will be performed by inductively coupled
plasma (ICP) spectrometry. Sample solutions will be prepared at the
University of Wyoming using the technique of Feigenson and Carr (1985).
Spectrometry will be performed at Indiana University (where two ICP
spectrometers are run by a full-time technician) with the cooperation of Dr.
James Brophy. All samples will be analyzed for major and trace elements (Ba,
$r, VvV, Cr, Ni, 2r, Sc, Cu). Results from these analyses will define the
variability and geochemical trends between and within the lavas. Selected
samples will be analyzed for REE abundances by INAA. Samples will be
irradiated at the U.S. Geol. Sur. reactor facility in Denver and activities
counted using an ultra-pure Ge detector and Canberra MCA both housed in the
Chemistry Department at UW. Reduction of spectra will be performed using a
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PDP 11/23+ computer and the modified TEABAGS Software (Lindstrom and Korotev,:.
1982). We obtained our software from Dr. James Hoover of UTEP and are
currently performing INAA on a variety of samples including Aleutian and
Galapagos volcanic rocks. '

Probe work will define the phenocryst compositional ranges, their zoning
profiles as well as the abundance of important trace constituents. Computer
automated line scans will be made from rim to rim on all phases to determine
zoning patterns. These data will be acquired wusing the University of
Wyoming’s three channel Cameca microprobe. Using these data, estimates of
crystallization temperatures for the andesites and dacites can be obtained
from the two pyroxene geothermometer of Lindsley and Anderson (1983). Two
oxide geothermometry will also be used whenever possible. Differences in
composition between phenocryst and groundmass phaées of the same mineral, e.g.
the Ca content of olivine as well as pyroxene Al content, will provide
qualitative estimates of crystallization pressure.

During the second year of the project after the above petrologic
foundations have been laid, select samples will be analyzed for strontium and
neodymium isotopes. The work will be performed in the chemical preparation
lab and on the VG Sector single collector mass spectrometer at the University
of Wyoming under the direction of Dr. Carol Frost. Blanks for Nd, Sm, Rb and
Sr at the UW facility are less than 0.15 ng. The mean value for La Jolla Nd
on the UW VG Sector is 143Nd/IM*Nd = 0.511834 with external precision of 15
ppm, whereas the mean value for NBS-987 Sr is 87Sr/86Sr = 0.710254 with
external precision of 7 ppm. The isotopic data obtained at UW will be used to
test the fractionation, assimilation, and variable source models for the
Newberry suite. :
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Appendix B: Personnel

Dr. James D, Myers will be the principal investigator on this project.
His recent and ongoing work ‘on the Edgecumbe Volcanic Field and in the
Aleutian arc will be strongly complementary to this study of the Newberry
system. He will oversee all aspects (geologic, petrographic, geochemical and
petrologic) of this project.

Dr. Carol D. Frost will be co-investigator onm this project. She has
experience using geochemical and oxygen and Sm-Nd, Rb-Sr, and U-Pb isotopic
techniques to solve petrologic problems, Her interest in the petrogenesis of
continental margin igneous suites dates from her Ph.D. research on Caledonian
plutonism. She will oversee the isotopic aspects of this project.

Working with the principal investigators will be a graduate student,
Scott Linneman. Before enrolling at the University of Wyoming, this student
spent several years in various volcanic terrains including the Cascades for
the U.S. Geol. Sur., University of California, Berkeley, and Union Geothermal
(UNOCAL)., As a result, he is already quite familiar with Cascade geology.
Mr. Linneman will be involved in all phases of this study as part of his Ph.D.
work.,
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model. GSA Abstracts with Programs, 17: 672.

Frost, C.D., 1985, A Sm-Nd investigation of Sediment
Provenance. EOS, 66: 420.

Frost, C.D. and 0‘Nions, R.K., 1984. Nd isotopic mass balance in
the Mediterranean Sea. GSA Abstracts with Programs, 16: 513.

Frost, C. D., 1983. Has the composition of the crust changed with
time? EOS, 64: 898.

Frost, C. D., and O’Nions, R. K., 1983. Nd~isotope study of a
major Proterozoic sedimentary succession. Terra cognita, 3: 130.

Frost, C. D., and O'Nidns, R. K., 1982, Isotopic constraints from
0, Sr, Nd, Pb, on granite petrogenesis. EOQOS, 63: 461.

Frost, C. D., 1982. Systematic 0, Sr, and Nd isotopic study of
the Caledonian Etive Complex, Scotland. <Colloque International
"Geochimie et Petrologie des Granitoides", C. Allegre and J.
Didier, organizers, Clermont-Ferrand, France. (Invited paper).
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EDUCATION 1985

1983-1985

1979-1983

HONORS AND AWARDS:

CURRICULUM VITAE

Scott R. Linneman
615 E. Bradley
Laramie, WY 82070
Tel. 307-745-4805

Ph.D. graduate student in geology, University of
Wyoming Thesis: Petrologic and 1isotopic evolution
of Newberry Volcano, Oregon

Advisor: Prof. J.D. Myers

Graduate student in geology, University of
California, Berkeley
Advisor: Prof. I.S.E. Carmichael

B.A., magna cum laude, Carleton College.

Major: Geology

Thesis: Quaternary volcanics of the Erzincan Basin,
Eastern Turkey: an example of pull-apart basin
volcanism

CARLETON COLLEGE:

Phi Beta Kappa, Sigma Xi, Magna Cum Laude, graduated

with Honors from Geology Department, honors in
independent research, and honors in comprehensive
exercises, Dean’s List, Duncan Stewart Fellow
(geology fellowship with support), William Carleton
Scholar. Salutorian of high school class.

RESEARCH AND WORK EXPERIENCE:

1985-1986

May-August 1985

1983-1985

June-August 1983

June-August 1982

Teaching assistant, Department of Geology and
Geophysics, University of Wyoming

Assistant geologist, Union Geothermal Division, Union
0il Company of California.

Research and teaching assistant, Department of
Geology and Geophysics, University of California,
Berkeley.

Geologic Field Assistant/Assistant Geologist of
U.S.G.S. Worked with Peter Lipman at the Questa
caldera in N. New Mexico mapping and sampling a
complex igneous system. :

Summer field camp in the British Isles, Dennis S.
Wood, Director.
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Jan.-June 1982

August 1981

June-July 1981

Mar. 1981-
June 1983

SOCIETIES:

GRANT SUPPORT:
1986
1986

PUBLICATIONS:

in Costa Rica studying lava

'3

Undergraduate research
flow morphology at Arenal Volcano.

Shelby Boardman in
near Salida,

for Dr.
sequence

Geology Field Assistant
his research on Precambrian
Colorado.

Mineral Collection Curator, Carleton College.
Identified and classified additions to collection.

Laboratory Assistant and Teaching Aide, Carleton
College Geology Department.

American Geophysical Unioen
Mineralogical Society of America
Sigma Xi

Geological Society of America

Geological Society of America Research Grant ($1200)
Sigma Xi Research Award ($500)
Both for 1986 field work at Newberry Volcano, Oregon

Heller, P.,L., Linneman, S.R. and Angevine, C.L.
(1986) "Sea-level cycles in response to
supercontinent breakup." EO0S, v. 67, p. 372.

Hempton, M.R., and Linneﬁan, S.R. (1984) "Volcanism
in the Erzincan Pull-Apart Basin: Age, Composition
and Tectonic Significance." EOS, v. 65, p. 1084.

Borgia, A., S. Linneman, D. Spencer, L.D. Morales and
J.B.. Andre. (1983) "Dynamics of lava flow .fronts,
Arenal Volcano, Costa Rica.'" Journal of Volcanology
and Geothermal Research, v. 18, p. 303-329.

Linneman, S.R. and Borgia, A. (1983) '"Dynamics and
kinematics of lava flows, Arenal Volcano, Costa
Rica." GSA Abstracts with Programs, v. 15, p. 530.

"Evolution of lava flows and growth of wvolcanoes:
Arenal, Costa Rica'" (with A, Borgia in preparation).



Appendix C: Summary of all current and pending research support

IT.

Source of Project Award Period % Research
Support Title Amount Covered Effort Location
James D. Myers
A, Current Support NSF 1 23,000 6/86-5/87 10 uw
NSF 2 30,296 10/86-10/87 15 Uw

B. Pending Support
1. Present

Proposal NSF 3 95,729 5/87-5/89 10 uw

2. Continuing NSF 2 31,878 10/87-10/88 15 uw

3. Planned = =  ——mecemeemm e NONE-=m e m e e e m e -
Carol Frost

A. Current Support NSF 4 48,750 11/85-11/86 15 uw

NSF 5 50,000 1/86-1/87 10 uw

B. Pending Support
1. Present

Proposal NSF 3 95,729 5/87-5/89 10 uw

2. Continuing NSF 5 50,000 1/87-1/88 10 uw

3. Planned = =  =emeeemmmmmcmme—meeeee e NONE===m=—— o e e e
The Precambrian Lake Owens Mafic Complex; SE Wyoming: a detailed

petrologic investigation of an oxide-rich, unusual layered mafic complex.

A detailed petrographic study of Kanaga and Seguam: an attempt to confirm
the temporal evolution of Aleutian arc centers.

A detailed petrologic study of Newberry volcano, Oregon: a quantitative
attempt to assess the relative importance of frac¢tionation, crustal
assimilation and magma mixing on the evolution of continental volcanic
suites.

Geochemical and petrologic studies of the amphibolite-granulite transition
in Archean rocks of the Wind River Mountains, Wyoming (with B. R. Frost).

- Petrotectonic evolution of Tobago, West Indies (with A. W. Snoke).

3
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Appendix D: Results from prior NSF support

James D. Myers
NSF award number: EAR-8207063
amount of award: $ 54,000
period of award: 1982-1985

Project title: Magma interaction and mixing: a new model for basalt-
andesite-dacite-rhyolite generation.

Using the Edgecumbe volcanics, SE Alaska, we attempted to detail the
process of crustal contamination. Earlier work (Myers and Marsh, 1981, CMP)
had indicated that the volcanic suite was produced by the interaction of
basaltic magma with crustal melts of varying composition. The present study

was undertaken  to: 1) investigate  phenocryst-groundmass isotopic
relationships; 2) examine inter-lava isotopic (Sr, Pb) and trace element
variations; 3) provide additional petrographic, <chemical and 1isotopic

constraints on crustal contaminantj and 4) test the general applicability of
our contamination model. Our results have shown that crustal assimilation is
an extremely complex process that can only be studied by an integrated field,
analytical and theoretical approach. Strontium isotopic results revealed that
the strontium content of partial melts varied significantly and had an
important effect on hybrid lava isotopic composition. Because of this effect,
lavas with low 87Sr/ 6Sr still recorded significant amounts (70% or greater)
of crustal contamination. Later Pb isotopic data on the same samples showed
that the assumed parent was, in fact, a hybrid magma itself. This secondary
contamination was recognized because of the differences in mixing line slopes
between the two isotopic systems. In general, Pb isotopic results are similar
to Sr and can be explained by the same petrologic process but required a
significant revision of the physical model for the magma chamber. The new
model envisions the development of the hybrid magmas in individual cupolas

above a main basaltic magma chamber. In this manner, hybrid liquids are
derived independently of each other thereby allowing extremely complex
evolutionary cycles. Because of the difficulty of identifying possible

crustal end members at most continental volcanic centers, quantitatively
testing this contamination model at other volcanic centers may prove
impossible.

Abstracts:

Furlong, K.P., and J.D. Myers, 1982, Magma contamination: role of thermal
stresses: EOS, v. 63, p. 458.

Furlong, K.P., and J.D. Myers, 1983, The role of thermal stresses in magma
contamination: theoretical aspects: IUGG XVIII General Assembly, IACVEI
Symposia, Hamburg, Germany, p. 6.

Myers, J.D., and K.P. Furlong, 1983, The role of thermal stresses in magma
contamination: petrologic consequences: IUGG XVIII General Assembly,

IACVET Symposia, Hamburg, Germany,p. 7.

Myers, J.D., and A.K. Sinha, 1984, Pb systematics of crustal assimilation:
Geol. Soc. Am. Abstracts with Programs, v. 16, p. 606.
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Myers, J.D., B.D. Marsh and A.K. Sinha, 1982, Intra- and inter-volcanic center
isotopic variations: Adak and Atka, Aleutian Islands, Alaska: Geol. Soc.
Am. Abstracts with Programs, v. 14, p. 573.

Myers, J.D., B.D. Marsh and A.K., Sinha, 1984, Pb isotopic data from two
Aleutian volcanic <centers: additional evidence for the evolution of

lithospheric plumbing systems: EOS, v. 65, p. 1135-1136.

Publications:

Furlong, K.P., and J.D. Myers, 1985, Thermal-mechanical modeling of the role
of thermal stresses and stoping in magma contamination: J. Volcanol.
Geotherm. Res., v. 24, pp. 179-191. :

Myers, J.D., and A.K. Sinha, 1985, A detailed Pb isotopic study of crustal
contamination/assimilation: the Edgecumbe volcanic field, SE Alaska:
Geochim. Cosmochim. Acta., v. 49, pp. 1343-1355.

Myers, J.D., B.D. Marsh and A.K. Sinha, 1986, Geochemical and strontium
isotopic characteristics of parental Aleutian arc magmas: evidence from
the basaltic lavas of Atka: Contrib. Mineral. Petrol., in press.

Myers, J.D., B.D. Marsh and A.K. Sinha, 1985, Strontium isotopic and selected

_trace element variation between two Aleutian volcanic centers, Adak and

Atka: 1implications for the development of volcanic plubming systems:
Contrib. Mineral. Petrol., v. 91, pp. 221-234,

Myers, J.D., A.K. Sinha and B.D. Marsh, 1984, Assimilation of crustal material

by basaltic magma: strontium isotopic and trace element data from the
Edgecumbe volcanic field, SE Alaska: J. Petrol., v. 25, pp. 1-26.
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Carol D. Frost

NSF award number: EAR-840844
Amount of award: $ 40,000
Period of award: 1984-1985

Project title: Acquisition of a low-cost thermal ionization mass
spectrometer

The purpose of this project was to help fund the purchase of a new
microprocessor-bound, easily wupgradeable but 1initially low-cost thermal
ionization mass spectrometer. Working with engineers at VG Isotopes, Ltd in
Cheshire, U.K., the P.I. helped design- what has now become the VG Sector
production line, which is operated entirely through an IBM PC/XT and includes
new electronics wunits positioned for easy access during repair. The
instrument is supplied so that Daly collector and extra Faraday collectors may
be added relatively easily, as may be filament preheat and automated barrel
attachments. The instrument, equipped with prototype electronics, was
delivered in June, 1985. During the past year we have been evaluting the
reliability of the electronics. A second generation of electronic units were
installed in February and have proved to be quite robust. The precision
obtained both on standards and rocks samples is routinely 15 ppm or better (2
‘S.E,) for both Sr and Nd isotope ratio measurements.

No publications have yet resulted from this grant.
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' OMB No. 3145-0058
SUMMARY

' Exp. Date 12/31/85
APPENDIX V 1987 PROPOSAL BUDGET FOR NSF USE ONLY

ORGANIZATION

PROPOSAL NO. DURATION (MONTHS)
University of Wyoming Proposed Grantea
PRINCIPAL INVESTIGATOR/PROJECT DIRECTOR AWARD NO. -
James D. Myers
A SElNLOR PERSONNEL}: Pl{P D., Co-Pi's, Faculty an.d Qther Senior Associates BJI;SESFO"‘QNBEQ REQJ&JSNT%SD 8Y GRA:J%'J?DDSY NSF
{List each separately with titie; A.6. show number in brackets) CAL. JACADSUMR FROPOSER (IF DIFFERENT)
1. James D. Myers 1.5(¢ 5990 $
2. Carol D. Frost - -
3
a4
5. ( )OTHERS (LIST INDIVIDUALLY ON BUDGET EXPLANATION PAGE)
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B. OTHER PERSONNEL (SHOW NUMBERS IN BRACKETS)
1. () POST DOCTORAL ASSOCIATES
2. () OTHER PROFESSIONALS (TECHNICIAN, PROGRAMMER, ETC.)
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4. () UNDERGRADUATE STUDENTS
5. { ])SECRETARIAL-CLERICAL 2500
6. ( ]1)OTHER guymmer support for RA 3000
TOTAL SALARIES AND WAGES (A+B) 17490
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TOTAL OTHER DIRECT COSTS
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TOTAL INDIRECT COSTS 12670
J. TOTAL DIRECT AND INDIRECT COSTS (H + 1) 45158
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SUMMARY

APPENDIX V 1988

PROPOSAL BUDGET

OMB No. 3145-0058
Exp. Date 12/31/85

FOR NSF USE ONLY

NSF Form 1030 (4-83) $uper59\?ﬂ// Previous Editions
{

BUDGET (GPM 233)

ORGANIZATION PROPOSAL NO. DURATION [(MONTHS)
University of Wyoming Proposed Granted
PRINCIPAL INVESTIGATOR/PROJECT DIRECTOR AWARD NO.
James D. Myers- i
A_ SENIOR PERSONNEL: PI/PD. Co-PI's, Facuity and Other Senior Associates PEESARER | neali®S av |GRranTED By neF
(List each separately with titie; A.6. show number in brackets) CAL |aCADSUMR| PROPOSER (IF DIFFERENT)
' James D. Mvers -5 - $
2. Carol D. Frost 1 3402
3.
4. .
5 ( )OTHERS({LIST INDIVIDUALLY ON BUDGET EXPLANATION PAGE)
6. { 2 TOTAL SENIOR PERSONNEL (1-5) 1 3402
B. OTHER PERSONNEL (SHOW NUMBERS IN BRACKETS)
1. { ) POST DOCTORAL ASSOCIATES
2. { ) OTHER PROFESSIONALS (TECHNICIAN, PROGRAMMER, ETC.)
3. (] ) GRADUATE STUDENTS Scott Linneman 6000
4. () UNDERGRADUATE STUDENTS
5 (] )SECRETARIAL-CLERICAL 2500
6. ( 1 )OTHER gsymmer support for RA 3000
TOTAL SALARIES AND WAGES (A+8B) 14902
C. FRINGE BENEFITS (1F CHARGED ASDIRECT COSTS) 2007 less acad. vr. for RA 1780
TOTAL SALARIES, WAGES AND FRINGE BENEFITS (A+B+C) 16682
D. PERMANENT EQUIPMENT (LIST ITEM AND DOLLAR AMOUNT FOR EACH ITEM EXCEEDING $1,000:)
TOTAL PERMANENT EQUIPMENT -
€. TRAVEL 1. DOMESTIC (INCL. CANADA AND U.S. POSSESSIONS) 2000
2. FOREIGN
F. PARTICIPANT SUPPORT COSTS
1. STIPENDS $
2. TRAVEL .
3. SUBSISTENCE
4. OTHER
TOTAL PARTICIPANT COSTS
G. OTHER DIRECT COSTS
1. MATERIALS AND SUPPLIES 15700
2. PUBLICATION COSTS/PAGE CHARGES 2000
3. CONSULTANT SERVICES
4. COMPUTER (ADPE) SERVICES
5. SUBCONTRACTS
6. OTHER
TOTAL OTHER DIRECT COSTS
H. TOTAL DIRECT COSTS (A THROUGH G) _ 36382
I. INDIRECT COSTS (SPECIFY)
TOTAL INDIRECT COSTS 39% of MIDC 14189
J. TOTAL DIRECT AND INDIRECT COSTS (H + 1) 50571
K. RESIDUAL FUNDS (IF FOR FURTHER SUPPORT OF CURRENT PROJECTS GPM 252 AND 253)
L. AMOUNT OF THIS REQUEST (J) OR (J MINUS K) $ 50571 s
PI/PDO TYPED NAME & SIGNATURE® DATE FOR NSF USE ONLY
i INDIRECT COST RATE VERIFICATION
INST. REP. TYPEDNAME &FIGNATURES - A DATE Date Checke Date of Rate Sheet Jinitials - DGC
James E. Todd gil,‘«‘ )z z-‘ Lﬂ/zéf;{/ 7/21/86 Program
23 “SIGNATURES REQUIRED ONLY FOR REVISED




SUMMARY

APPENDIX V  TOoTAL 1987-1988 PROPOSAL BUDGET

OMB No. 3145-0058
Exp. Date 12/31/85

FOR NSF USE ONLY
ORGANIZATION PROPOSAL NO. DURATION (MONTHS)
University of Wyoming Proposed Granted
FRINCIPAL INVESTIGATOR/PROJECT DIAECTOR AWARD NO.
James D. Myers
oo Eopmen et L% o e S T PN Yo PR
- CAL.|A MR| PROPOSER {if DIFFERENT)
V. James D. Myers 1.5% 5990 s
2Ccarol D. Frost 1 3402
3
a.
5. 1 ) OTRHEASILIST INDIVIDUALLY ON BUDGET EXPLANATION PAGE)
6. { 2 ) TOTAL SENIOR PERSONNEL (1-5) 2.5| 9392
8. OTHER PERSONNEL (SHOW NUMBERS IN BRACKETS)
1. ( ) POST DOCTORAL ASSOCIATES
2 () OTHER PROFESSIONALS {TECHNICIAN, PROGRAMMER, ETC.)
3. (1 ) GRADUATE STUDENTS Scott Linneman 12000
4 { ) UNDERGAADUATE STUDENTS
5. (] ) SECRETARIAL-CLERICAL 5000
6. (1 )OTHER gymmer suvoport for RA 6000
TOTAL SALARIES AND WAGES (A+8) 32392
C. FRINGE BENEFITS (IF CHARGED AS DIRECT COSTS) 207 less acad. vr. for RA 4078
TOTAL SALARIES, WAGES AND FRINGE BENEFITS (A+B+C) 36470
D. PEAMANENT EQUIPMENT (LIST ITEM AND DOLLAR AMOUNT FOR EACH ITEM EXCEEDING $1,000:)
TOTALPERMANENT EQUIPMENT -
E TRAVEL 1. DOMESTIC (INCL. CANADA AND U.S. POSSESSIONS) 3500
2. FOREIGN
F. PARTICIPANT SUPPORT COSTS
1. STIPENDS s
2. TRAVEL
3. SUBSISTENCE
4 QTHER ‘
TOTALPARTICIPANT COSTS
G. OTHER DIRECT COSTS
1. MATERIALS AND SUPPLIES 25400
2. PUBLICATION COSTS/PAGE CHARGES 3500
3. CONSULTANT SERVICES
4. COMPUTER (ADPE) SERVICES
5. SUBCONTRACTS
6. OTHER
TOTAL OTHER DIRECT COSTS }
H. TOTAL DIRECT COSTS (A THROUGH G) 68870
I. INDIRECT COSTS (SPECIFY) -
397 of MTDC
TOTAL INDIRECT COSTS 26859
J. TOTAL DIRECT AND INDIRECT COSTS (H + 1) 95729
K. AESIDUAL FUNDS (1F FOR FURTHER SUPPORT OF CURRENT PROJECTS GPM 282 AND 253)
L. AMOUNT OF THIS REQUEST (J) OR (J MINUS K) $95729
PI/PO TYPED NAME & SIGNATURE® DATE FOR NSF USE ONLY
a, INOIRECT COST RATE VERIFICATION
INST. REP. TYPED NAME & NATURE"® ) DATE Pwte Check Oate of Rate Sheat [initisls - OGC
James E. Todd AL g, ép@ 7/21/86 Prograr
NSF Form 1030 (4-83) SuDer:eﬁ All Previous Editions 23 *SIGNATURES REQUIRED ONLY FOR REVISED
BUDGET (GPM 233)



UNIVERSITY OF UTAH RESEARCH INSTITUTE |

EARTH SCIENCE LABORATORY
391 CHIPETA WAY, SUITEC
SALT LAKE CITY, UTAH 84108—~1295
TELEPHONE 801-524-3422

August 4, 1986

Mr. Dennis Olmstead
Department of Geology .

and Mineral Industries ‘
910 State Office Building
1400 SW 5th Avenue
Portland, Oregon 97201-5528

Dear Dennis:

We are sending under separate cover the samples from Geo-Newberry
Corehole N-1 which we agreed to provide. -Also enclosed in the package is a
copy of the lithology log for N-1. Regard1ng rods left in the hole, we
understand that there is a 1-1/2 inch iron pipe to TD, which I be]1eve is

about 4550 ft. You would have to check with Geo- Operator about the TD because‘;

the data below 4000 ft. are not part of the DOE package and have not been
delivered to us.  We understand that the fluid level was about 1600 ft. below
surface at the conclusion of dr1111ng.; As far as I know, no static fluid
level measurement has been made s1nce dr1l]1ng ended about November, 1985.

I hope that th1s completes our ob11gat1on to you, but if not, please \et
me know. _

Sincerely,

M&
_ Phillip M. Wright-
Technical Vice-President -
PMUW :1eo
| Encl.

cc: Dan E. Wermiel



ot aters

GOVERNOR

Department of Geology and Mineral Industries
ADMINISTRATIVE OFFICE

- VICTOR.ATIVEH 910 STATE OFFICE BLDG., 1400 SW 5th AVE., PORTLAND, OR 97201-5528 PHONE (503) 229-5580

July 8, 1986

Mr. Mike Wright

UURI, Earth Science Lab

391 Chipeta Way, Suite C
Salt Lake City, Utah 84108

Dear Mr. Wright:

In April, 1986, Dennis Olmstead wrote you regarding the GEO
Operator Corporation N-1 well, Deschutes Co., Oregon. Certain material
was requested from you, which has not yet been received.

Please send the following material to my attention:

a) Representative samples of cores. GEQ Operator Corp.
has supplied samples from 2000' to total depth. Per
our agreement, you are to provide samples from surface
down to 2000'. The core samples you are to submit are:
500', 695', 750', 900', 960', 1100', 1180', 1230', 1275',
1350', 1375', 1460', 1600', 1750' and 1870'. The core
samples should be approximately 6" in length or a split
6" in length from the named depths.

b) Amounts of rods left in the hole.
c) Depth to water.
d) Continuous lithology descriptions.

You are requ1red to submit this material to us, and your prompt
attention to this matter is appreciated.

Best regards,

ROVE AN

Dan E. Wermiel
Petroleum Geologist

DEW:ab



UN|VERSI+Y OF UTAH RESEARCH INSTITUTE

URI

EARTH SCIENCE LABORATORY
391 CHIPETA WAY, SUITE C
SALT LAKE CITY, UTAH 84108—1295
TELEPHONE 801-524-3422

MEMORANDUM

T0: Susan Prestwich, DOE/ID

FROM: Mike Wright, UURI

\i

SUBJECT: Sampling of GEO Newberry N- 1 Core by
University of Wyoming .

DATE: . July 9, 1986

On July 9, 1986, I was visited by Dr. James Myers, professor of
geology at the University of Wyoming and by Scott Linneman, his graduate
student. The purpose of their visit was to discuss data from the GEQ Newberry
N-1 corehole and to examine the core and take selected samples of it. Myers
has available funding for work on the core and he expects further funding from
the NSF. Linneman will be doing a field geologic mapping project at Newberry
as part of his PhD work, and will also work on the core. They plan to do
petrologic, isotope, probe and bulk chemical analyses of the core samples.
The results of this work should start to be available as abstracts and talks

by next spring.

.1 emphasized the need that DOE has to get the maximum amount of scien-
tific results from'study of the samples and that they should restrict their
sampling to the minimum necessary. I also asked that before they took a one"
of a kind sample they get this okayed by UURI They have agreed to these
stipulations.

Attached is a list of the samples that they took and for which we can
expect research results.

cc: J. Myers
M. Reed
D. Nielson
B. Sibbett




UNIVERSITY OF UTAH RESEARCH INSTITUTE

UURI

EARTH SCIENCE LABORATORY
391 CHIPETA WAY, SUITEC ~
SALT LAKE CITY, UTAH 84108—1295
TELEPHONE 801-524-3422

MEMORANDUM

TO: Dr. J. Myers
University of Wyoming
Dept. of Geology
Laramie, Wyoming 82071

FROM:  P. M. Wright -g}ffii/”

RE: Samples taken for study at the University of Wyoming (sample
' number refers to feet) pieces taken average 4" in length.

DATE: July 10, 1986
3992 2690 1574 -
3957 2628 1532
3922 5 2602 1503 |
3893 2572 1491
3825 2489 1441
3788 2450 1392
3739 2402 1348
3685 2377 1277
3643 2333 1239
3590 2306 1206
3564 2274 1180
3511 - 2206 1151
3485 .. 2168 © 1122
3407 2142 - 1055
3324 | 2096 1011
3248 2065 976
3220 - 1997 949
3120 1979 912
3085 1940 897
3063 | 1904 893
3035 1859 , 888
3028 1825 775
2993 1798 | 721
2908 A 1759 . 683
2854 1672 626
2778 1631 595

492
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UNIVERSITY OF UTAH RESEARCH INSTITUTE

EARTH SCIENCE LABORATORY
, 391 CHIPETA WAY, SUITE C
" SALT LAKE CITY, UTAH B4108—1295
TELEPHONE 801-524-3422

November 13, 1985
MEMORANDUM

TO: Susan Prestwich
FROM: Bruce Sibbett

SUBJECT: GEO-Newberry N-1 Logs ' ]

Enclosed is one copy of each log from the Newberry N-1 hole. The
temperature increase at 3260' occurs within a 120 foot thick, massive lava
flow which is underlain by an ash-flow tuff. The upper few feet of the tuff
at 3349 feet is clay altered and impermeable. The combination of the massive
lava flow and the clay seal below appears to control the base of the rain
curtain. The temperature gradient within the lower part of the rain curtain,
2300 to 3240 is 2.8°F/100' (51°C/km). Mithin the zone of pyroclastic units
and lava flows, 3260 to 3440 ft the gradient is 24.7°F/100' {(450°C/km). From
3440 to 4000 ft the gradient is 6.5°F/100' (118.7°C/km). These apparent
gradients will change somewhat as the hole temperature equilibrates but I
don't expect the overall pattern to change. ‘
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Chapter 522

1221 REPLACEMENT PART

Geothermal Resources

CENERAL PROVISIONS
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may
. et gperation. i the represenlative gater-
ipes that the sbendonment is satisfactory.

. & representative shsll approve the sbandon-

H

ek of the well

| 42 Withia as days aftar the comgpletion of
andonment of

any gecthermal well, the

- mater of the well shall make 8 written

et of il work done with respery to the

T ppdommment, Withie 10 daye after the re-

pt of such report, ths department shail

nish the opetutor with a writlen final

. wovel of ebandonment, or & wiritlen dizap-
. wal of abacdonment setting forth the cun-
. lons upon which the disapproval is based.

;¢33 Feihvw to shandon ¢ eccordarge with

approvad method of abandonment, failure

" gubmit to the department any nétice or

i pet cequired by this chapter, or [ailure to
1. naish the deppriment with any reguired

shall comstitute  sufficient
inds for disapprovel of the abardﬂnmn"_

: flﬂﬁ& well.
© 14 When the depariment has issued a

ten disspproval of abendonment, the

- »d romy proceed against the operator and
. garety of the operator s8 provided for in

. 1.522.145 or mey bring suit pursuamt o
- -3DB2Z.810, {1978 ¢ 552 }I3; 1565t 8B4 8107

. FERIRD{IUTI o776 930 repealed by 1875 ¢.582 S8R

m&w ‘ Auning gmhermai weii
o yitted urder this chapter and axn enisting

* appropristion permitled under ORS

- ter 537 is found by either the State Geolo-

or the Waler Respurces Direclor, ihe

¢ CGeologist and the Water Rescurces

stor ehall work cooperatively te resolve

-maflict and develop 8 cooperative man-
. w@rd progrens for the sren. In determining:

action should be taken, they shall con-

' the following goals:

i} Achigving the most bensficial use of

e a;nﬁ heat respurees,;

i"—!'l-ﬁiiwiag sl} existing users of the re-
T w2 lo conlinus to use thoss ruesguroes o

_reatest entent possible: and

.‘.,.:” Insuring that the public tmterest in

T et use of woater antt heat rescurces is
c%ed 11881 ¢A83 88}

- E.%HB‘H ¢ T ¥M; repruled by 1“'?‘%@ 174 ﬁ-’:‘ii

e T

m [y ,“,”}pmn HPVSRTLARINY

M. BT

BI1886 - 18:13 EGRG WCB IF el
e S
e > - .? g -
MINERAL ﬁm@@@@m s .
ent be present during any sbendon. ADMINISTRATION

B22EE Adminbtration by Siste Geol-
ogist. Subject to policy direction by the board,
the State Geologist shall administer this chep-
tor, the rules snd ordess made purvuant there-
to, ond aupervise 24‘39 deparimont in carrying
out the provisiens of this chupter. (1973 3852
LPAH

822308 Rudes. In sccordanss with eppli-
cable pemvisions of OHS 183310 to 183.550,
the board may meke reasonable rules neees
mary Tor the adzmmatmtwn of ihts :hasp&ef. .
HISTS . 552 s} '

82231211871 ».778 534 repnled by 1975 c RO 4381 -

822318 Fingl order of deparbmeny
Gelivery io operator. Whenever the de;:art— .
ment gives any written direction congerning
any geothermal well and the operator requeats
in writing that & f{inal order lor purposes of
ORS 183,310 t0 183,552 be made, the depavt-
moent shell, within 15 days alter receipt of the
notice, deliver such fine! written order o the
ﬁﬁmw {1875 o682 s26) -

. JR2I30 1197 ¢. 776 3826, OF; ropeeled by 1975:55?
&5h1

m:!}i Rt

m Cmpéﬁﬁm with {insl ordern;
apgeal (1) The operator of any geothermsl
weoll shail within. 13 days from the date of the
service of any order, either cumply with the
arder gr file with the depurtment 2 writlen
sintement thet the order is not acceptable, and
tha rewsans therefor, and the statement shali |
eonstitule on appeal from such order to the
board.

(2} Any finn! written ordur of the %m&?ﬂ
may be appeatsd in the manner providsd in
OHS 183,310 to 183.550 for nppeals from final
orders in contested cases, 11975 o557 1351

BEZS00 11971 <. 778 A7 vepruiad by 1975 0,562 8551

WELL RECORDS

8225388 Records of well contentg
drill cutting and cose samples. (1) The.
operetor of any gecthermal well shall heep, &=
cause to he kept, a careful and aocursts log,
ove revord und history of the drilling of the
wall

(2} The log referred t8 in su&a@améé) of
this section shall show the character angd
Septh of vach formation encountered in the
dritling of the wel; the amount, cize and
woight of cening used: ang the loeailon, depth
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et

and temperature of wsier-besring, Struts,
including the %err?emtum cheemical & TR~

tion and other chemical and physical charag.

teristics of fluid encountorsd from time tu
time, a0 far g3 determined.

{33 Tha core record referred {0 in subwee-
tion (1) of thiz esction shall show the depth,
charecter and flusd content of coves oblained,
8o far as determined from the study and anal»
yais thereof.

(4} The history rs‘erm:i 12 g subeection

(1) of thia section shall show the Jocstion and .

eraourt of sidetracked casings. tools vr othar
material; the depth and quantity of ceaent in
cement plugs; the shota of dynamite ov athar
ezplosives used; the results of production. arnd
other tests diing drilling operations; snd
comgletion data.

(3) The log referrod o in subsections 111

" and (3} of this section shall be kept 1n the locpl

office of the cperator and, foguther with the
tour reporin of the cpsrator, shall by suhjeet,
during businees hours, o snspactmn h} the
board, or department.

(&) The operator of any gc«otherm} weld

. shail, in sddition to fum;shmg the luy,

‘records, and tests regquired by this section,

19223 EERG WCE IF . noLeg E3i
e oo ﬁ?f § - :
. GEQTHERMAL 35%‘?%‘?‘5% .
INETIZATION GF

e THERMAL RESCURCE

AREA

m%@ YUnitizatisn: developsien
ma@wmﬁt(iiwﬁ% two of move sem-
rately owned tracls of lond are within gp ares
under which a reserveir o located or reason
ably belicved to be located, or when there are
separately owoed interests in all or part of
such an ares, the board, upon s own motion
may or upon the applicetion of an interested
person or state of kocal governmental govern-
ing body, spocial distsist o agency, shall

‘review the nezd for unitizetion of the ares

H

. coliect represeniative drill cottings, T}w ORET-
ator shall additionslly, in the event. dores are 1

takan, collect representative core sompies,
The drill cuttings and core samples ahaﬁ be
fited with the department prompily upon
completion or upon it written request, and
upon the shandonment or upon susprrsion of
opesmiions for a period of at {east six menth&
11975 < 552 128 1977 o.B7 §81

W Fimg tecord with depart.

 rpent: exempiion {roms disclosure. 1) Each

operztor of any gesthermal well or his desig-
nated zgent shail file with the deparument 8
copy of the log, history and oore record, o uny
portion thereof, prompily upon cempletion, or
uptn the written request of the depuritnient at

any time sftey the commencerment of the work

of dritling sny peothermal well, and upon the
shandorment or upon suspension of opura-
tions for a peried of a8 least six months.

12y Far 3 period of four yssvs asfter the
recmipt of any log, history, core recged, of anv
porticn thereof, such. record shall be exempt
from étaclo&u'a as & tyade secrwt pursuant to
OHE 192.300 (1) unless the operstor gives
approvel to relesse the dala. (1975 c582 4271

The board by sule or order msy require the

‘development of a unit agmement for the gsn»

thermat resirce area if it finds:

ta} Unitived ma me&m and
devek};mem of the ge@themi TerourTeR in R
reaervoir is necessary to incregse the uﬂtm%e
recevery of the resgurces;

(1) The application of unitized metbods of
vperation will prevent waste amd aid officient
production and utidization of the respurseror

(e} Unitization and the unitized methoed of

gpgratkm are in the public interest and res-

vonably necrsgary to protect f.he mmia&we
rights of owness,

L., 12 When the board requires the é@vehz;—

‘MéHt-of a anit agyeement under this sectios,

it ghall encourage the deveiopment of & volun-

. tary agreement betwesn the affected parties.

In the ubsonwe of 2 voluntary agreement, the
bourd shail itaci] develop or cause o be devel-
oped a unit agreement that satisfies the provi-
sions of ORS 273.775, $08.370, 522.006,
522.015. 822405 to 52254—5 §22.815 amd
5322.980. o =zdopting & mule or entering aa
order for a unit agreenent, the board shall
consider auy plant dedicated ares sgreement
in effect and shall not contravens or intericre
with that agreement unless it finds that a
term or condition of tha sgreement viclates
the policies atatsd in ORS 522.01S5. The board
shrit require the developraent of tha rescurns
izt accovdance with 8 propased unit agresment
if it finde that the sgresment conforms with
the provisions of ORS 273.778, 308.57
522006, 522,018, 322.405 to BRZ 845, 5‘:5“23

andgd 532.890. -

{3} The development of & urit agreemant
under subsections 113 and (2) of this serticn
shall be oondixted ns & ing proceeding
in accordance with OR3 183310 v 183.580
unlesn 5n intsrested party requests that i be
conducted a9 a contested ease iB acourdonce
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--fIdaho Operations Office:

GEO Opu ator Corpm atlon

A Subs\dmr) of Geothermal Resources International, Inc.

March 25, 1986

Ronald A. Klng ‘ D '
U.S. Department of Energy : . o N

550 Second Street, Room 119
Idaho Falls, Idaho 83401

Dear Ron:

The attached letter from the BLM has some complimentary
things to say about our last summer's joint drilling program so I

thought I would pass it along for your files. .

leen the relatlvely mild winter and warm spring, we could
be on the ground by mid-May with our N-3 operations. I will be-
in funther contact with you as soon as we are able to make some

definite plans.

CAS:yts
Attachment

cc: J. Combs -~ GEO
S. Prestwichi - DOE
[P. Wright - UURI}

Very_t;uly yours,

Chandler A. Swanberg

Vice President
Non-Geysers Project Manager

1825 South Grant Street, Suite 900, San Mateo, CA 94402 (415) 349-8181
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‘ | : , | - 3260 (920)
United States Department of the Interior

. BUREAU OF LAND .\I‘:\.\";\(;I'Z.\l ENT

OREGON STATE OFFICE
- P Box 29651825 NE Multnomah Streets
“Portland. Oreyrron 97208

MAF 1) 105

Mr. Mike Cale,

Senior Environmental Coordinator
' GEO-Operator Corporation

1330 North Dutton Avenue, Suite A
Santa Rosa, California 95401

bear Mr.VCale:

We received your letter with Geothermal Drilling Permi:’(GDP) applications for
core holes N-2 and N-3 on your Newberry Flank Unit on March 5, 1986. We appre-

ciate your early communlcatlon as well as the prev1ous .early notlce of a change
‘of the N-2 location.

We do not anticipate any significant problems in processing the applications
~and expect to complete approval of the N-3 core hole GDP well in advance of
drilliag time. . Issuance.cf the GDP for ccra hele N-2 will be subsecuent to
on—-the-ground siting and complation of cora hole N-3. To facilitate approval,
we would appreciate nctice as eariy is possiniz on tae date you expect to
start on;the-ground operation for N-2.

Based on feedback from our own staff and that of the U. S. Forest Service and
the Oregon Department of Geology and Mineral Industries, we commend and compli-
ment you and vour contractor for the excellent cooperatlon professionalisa,
and efforts to meet regulatory requirements for core hole N-1 operations. In
short, it was a job well done. We hope for coatinued work in that mutually

- beneficial spirit throughout future operations. Thank you for making the oper-
ation so trouble-free.

- Sincerely,

P3zrick 'd3. Geehan
Dezutv State Director
Ior Mineral ReSOurLes

. S o . BFCEIVED
MA? 1 1a:n

AR ATEG



Departiment of Energy

€ -~
G

Dr. Chandler Swanberg

Gt Operator Corpc*atiaﬂ

2300 County Center Drive, Suite 280
Santz Rosz, LA 934 Q1

SUBJECT: HMewberry N-1 Corenole Plans Required by Ceoperative Agreesment

Daar Dr. Swanberg:

The plans transmitied to DOE as reguired Dy the cooperative agreement are
not formated nor ﬁefxu?tive as DOE anticipated. There 15 no probiem with
tha incorperaquw of the four specified pians within a single document.
However, a clear and concise section for =afn of the plans should be
sresented explaining what will be done and how 1t will be accomplished with
a schedule, if applicable. Most of the ecessary information for tha plang
are contained in the submitted mata za%s, uut better strugture and detail
would be prafaradlie. The majority of the issues addressed within the 4.3,
Drilling Seciion appsar to be institutional and/or envirommental. '

Fox

The major points of concern are listed below by Plan:

Management Plan -~ A1) that has been given are Key personnel, No
schedule menagement controls nor responsibility structure are given, A
formal submittal of the maragement structure and controls as described
in the GEQ proposal 3nd letter response for clarifications wouid be
adequate. '

% T

Institutional Pian - The major issues appear to be addressed in the
5,2 Pﬁrmétt?rg and Environmental Repcrt2?

u‘a o2

*

2l and 4.3. Brilling. Futting
TRAL inTormation LOGEther 1n one section would b2 acceptablz. Howevar,
the issue not .addressed is that DOL must meet its own environmental and
institutional requirements independent of those imposed by BLM or
Forest Servica. We have estabiished a MOU agreement with both agenciles

.~ to lessen as much duplication as possible for the environmental
asse><ﬁewt~ But DOE 1s still responsible as an agency to document
environmental actiens as the cogrizant agency funding the project,
Therezere we will require coples of carfespcﬂdﬂnue, etc. regarding GEQ
uompliance to the Special Lease Stipulations and Plan of Ixploration,

Drilling Plan - The plan submitted is a copy ¢f the plan submitted to
BLM and 1s geperic to a 4-well situation. This will be acceptable if
amended with detail and changes specific to corehole N-1, such as
completion with a knock-out plug on the bottom of the 2-3/4" tubing
string as stated in the cooperative agreement scope of work., Alse a
dritling schedule should be submitted “describing anticipated major
drilling activities and estimated durations.

s



-2~

Datz - Cellection Plan - This ?s fairly adeguate. However, provisions
and scnedule data to DOE {UURI) are not covered. Nor has the schedule
for data analysis and reports reqguired under the coopsrative agresment
been incorperated, A description for cbtaining and handiing artesfan
fluid samples should be incliuded.

in the intersst of expediting this cooperative agreement, DOE wishas 12
see how the project groceeds, but more formal documentation shall be
regquired under the cooperative agreement.

OCE anticipates approval of the plans when above deltverables are
received. DOE Approval of the Plans shall be required prior to any
payments under the cooperative agreement,

Very trily yours,
7
Susaf H,_Prestwfch
Projact Ranage
Advencad Yehuua gy Divisiion
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A Subeidiary of Centherma! Resstirens dnternetional, Ine. 4_1 S’. }
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August 18, 1985

I

. #¥r. Ronald A&, King

~R & D Contracts Division
Contracts Management Division
g, S¢\De§t Bonergy .
550 Second St.-

~Idaho Falls, Ié&hb 83401

RE; - Sﬁllﬁi avion & DE S5C07-881D12Z5%8¢0

Dear ‘Ron: : A _

Pursuant to your communication of July 18, 1985,

GEQ Oparator L&rparaticn submitg the attached data collectinn

Pian for your review and approval. The information is. sub-
mitted in accordance with section 4.0 {Technical Tasks)
gubzsection 4.4 {Data Collection}, Subsectiong 4.1 {Project
Managemant} 4.2 {(Permitting and Environmental Reporting) and
4,3 {Drilling) have besn transmitted to your office by

‘Miks Cale datsd 8/7/85% and Federal Expressad from our Bend
office on 8§/14/85. Please let me know ASAP if you need
additional documentation from us.

W

[ 4

* Mr, Chandler A. Swanbsrg
CAS/rs o
cey M, Cale. w;encz
u. Combs ; w/ﬁncls

//

»

61419 Sonth Highway 97, Suite 4, Bend, OB 97701 (303) 3896581

\
RN

= ¥ OHECT 300S0 £2111
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4.4 DATA ‘caaa&:c*rmx

!

The ﬁurges& of thé Core Hole 9rggram ig tnﬁ deve sgmeﬁt of

" bageline geclogical am: ”g%a:hem&c@*wéata to assist in evaluating

the presence of and recovery §etent1al of a gecthermal resource
in & virtually unexplored region. The following paragraphs des-
cribe the types of data to be collected and the methodology, in-
ecluding depths, timing/freguency, instrumentatiens, etc.

Rock sampling-cuttings: The first 400 faet of the hole will be |
rotary drilled, During this period, roughly 4 lbs of cuttings
will bs collected at 10 feet intervalsg, .ringed, logged, divided
into two egqual splits, bagged,labeled, and placed in temporary.
storage in Bend, Oregon. 4 . ' o

Qatk samnlaanccrex' ‘“The re&ainde; of the hole will'bé cont ing-
ously cored. The core will be handled accerding to accepted

industry standards. These standards are Gsscribed in the ﬁri;lingﬂ_qfﬁ

‘zcontract between Tonto Drilling and GEQ Operator Corporation dated:

8/14/8% and transmitted under separate cover te DOE on 8/14/83,
The cors will be logged daily on site with emphasis on liticlogy,
fractures, jeints, faalts, alterations, and othey gross features.
Subsequently, the core will be split for more datailed- descrip-
tion of minerclegy, texture, secondary mineralizatioa, etc. . At

"this point, small samples (up to 2 ibs} will be selected for

uge. Finally, both splits of the core will be ramoved from the

site for tempora.ry stcrage in Bend, {}regens

- . ﬂrfvl

ftr;l’aag Records: The drilier will keep accurats reccrds of ali -
information pertaining to the drilling of the corehola incl&élng,u_“

“hut not limited to, driliirg rat@9smud and other additives, fluid

" entries, lost circulation, drilling caﬁdit;aaﬂ and/or prab lems,

hole depth, and possibly lithology.

Temperature: Measurement of bottom hole temperature will be
taken every 100' or as follows: .
a) every 50' if tempsratures excead 1257 o
bi. e‘&ry 3¢7 if temperatures excae& 1““*?.

Eydrauilc Hsads The driller wiil attem&t to- lecate the, dagth to
wa@er dur;ag each trip intg the hala. ’ .

Brllximg Flyid Samples: A sample of. cora hole f£luid wi‘l be taken

foll GWlng each trip for a bit change or mors fmyguently if warranted

q by geologic conditions. The samples will be takaﬁ with & Ruster,
¢1DC§“Qperat$G, L0860 ml wireline sampler, A@pxegzlatn geochamical

\ *£filuid sampling kit® will be available on site 1nc&uéing sample

ybottles, chemicals for stabilizing unstable species, filteration
agﬁa?atus, eto. ékte51an fiuids will also be. samg*ed 1f 50 .

2= R L CHET 30a) 2111 sa9l-mn

mércury analysis, thin ssction preparation, age dating, or othsar {_-:*‘5

oot
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Geophysical well logging:

@a/16/88 - 1113 e ay]
i‘ﬁ'{

ta Collection continued

R

Temperature . caliper, resistivity,
gamma, and self-potential logs will be run in the interval bDe-
tween the surface casing aod total depth. Density and sonic
valocity logs will alse be rum 'if tools are avallable which can
operats in the conditions encountered inm the hole. The tempsra-
ture tool will heve & precision of 0.01°C. The corehole will be

relogged until eguilibrium has been obtained,




;'.‘-il\?rn"ﬁ‘-_ﬂ,f ity = b
A GEO Operstor Corporation
" A Buleidiary of Gesthenual Boesurors lememativenl, Ine.

August 7, 1985

Qﬁﬁa’é A. K%ﬁﬁ
R % D Contracts 8ranch
Contracts Management Divisien

Re: P?ageat Managament ??aa Gao~ ﬁawte?ry
’Sa%acwtatian #a&-saa;-sszazzsss

Dear Sir:

. Pursuant o your communication of July Lsﬁ 1985, GEO Gperatcr Cnrparat1en
submits the following Froagg* Management Plan for your raview and apprﬂva}
The ?ai?cw?ng ?n?a?matTQQ ts su 1t in accordance with Section 4.00 7

(§ecﬁnica§ Tasks):

4.1 Pro;,_t Manageme S
pRﬂL}ECT Lﬁ%ﬁ?ggﬁ Cgre C PR
The following are the approved iocations for the ﬁeﬁbarry
Flank (GEQ-Newberry} core bola program;, :

o Site N- -1; East 5a§e Q%aé ' v"‘"
350 a3t ang 24507 Sorth of the Southeast S
corner of Sectien 25, T22S, RIZE. S

o Site N-3: Fuzztail Butts Ouad:
§100° Horth and 500° East oFf the Scuthwest
cornar of Secticn 24, Ta20S, RizE.

o Site N-4; East Lake Quad:
© 1EDDY North and 22507 West a. tha Seathﬁest
cornar of Sectien 38, 7218, RI3E.

The Lessee/&peratar’fcr the project will be:

- @ GEQ Operatpr Corporation :
545 Hiddiefield Road Suite 200
' Menlo Park, CA 94025

Project Manager

o Chandler Swanberg
- 845 Middiefield Rd. Sa;te 260
Menlo Park, CA 94025
(418} 32%-5552

2300 County Center Dr., Suite 250, Santa Rose, (A 95401 (107) 5234273

/
!
/
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Dr, Swanberg shall be the p?in“?pal contact on any and a?: quest1sﬂs pertain~
ing to the oparations of the Geo-Newberry Project, Unless otherwise directed,
all correspondence will be initiaily transmitted to Dr. Swanberg for review

and disposition.
Environmenta) Affairs

o Michael J, Cale
2300 County Center Drive
Santa Rosa, CA 85401
(7G7) 523-4272 '

Geology/Drilling

o Dr. ¥alter Randall
2300 County Center Drive
Santa Rosa, CA 35401 '
(707} 523-4272 . . - o

Land

g Peler Hansan
545 Middlsfield Rd.
Menlo Park, CA 94028 .
(418) 321-5882

' Legal

. © Tom Hamilton
545 Middlefisld Rd.
Menlo Park, CA 34025
(42&}-321-56&2 '

4.2 °erﬁ1tt3ﬁg aﬁd Environmental Reportxﬁg

The Geothermal Ra&aurces Cperational Orders, issued under thc Geotharma? '
Steam Act of 1870, states "....the Lessee shall be responsible for the monitoving -
of readily identifiabie localized impacts associated with specific activities

- that are under the control of the Lessee....” {GRO Order 4. Ggneral Environmental
Protection Requirements). As the project is a federa) unit the Oregon State
Office of the Bursau of Land Mapagement acted as jead agency for the project.
The Prineville District Office, undar the direction of Gerzld E. Magnusun, was
respnrszhze for preparation of the Environmental Assessment.

The following specific impacts were. adﬁrﬂssﬁﬁ in the ?1$ﬂ af Exalara*1&n
{Attachment 1) -as a potential consequence of the preject: _

o Aesthetics.

Land Use & Reclamation

Public Access & aecraatievaz G;partun;t%es
Slope Stability & Ercsion Control

BIOTA ) :

Cultural Resources. ,

Subsidence & Seismicity

OO0 g0
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o Alr Quality
o Pits & Sumps
o HWater Quality
o holsa

On July 29, 1988, the Prinsvilie affige of the BLK 1ssueé a Finding Q0f Ko

| Qw ificant Impact (Attachment 2). In accordance with, and pursuant thereto,

e Deputy State ezrectsr for Hineral Resources, BLM Oregon State ﬁfficen
xssged a8 Letter of Approval. (ﬁttaahﬂanz 3) datad Ju?y 31,1988, .

B CQmalet on of the Environmental ﬁasessmeat, ‘and issuance of tﬁé Letter ef

Aypresa! and Condltonal Oviliing Permit (Attachment 4) satisfied federal
requirements for Enviroomental Review of the GEQ-Mewherry Project. In adﬁ}t?ﬂn,

- permits to drill a gesthermal well wers issued by the Stats of Gregon, Eeaaftmeﬂf-
- of Beology and Minaral Industries op Ju}y 8, 1§8§ (Attachment 5). ,

The Envircamaﬂtal Assessmant process associated with this project has the
major objectives which ultimately dictate an Eavironmental ﬁanagenspt‘P2aa*

1. ldentifying specific impacts
Z. Magnitude of impact. -
3. Hztigatvan of impact

As shaww in the Plan. of Sxp}arataaﬁ gétﬁachmaﬂ .) GEC Operatc? Ce?gc*atvan
accomplished objectives #1 & 2, and suggested a dirsction for objective #3.

- Qur. proposal coupled with the BLM assessment, including conditions and /
stipulations attached thereto, makes the' 6541 of properiy addressing . institut- f:

ional concerns 3 realistic expectation. Therefore, GEOOC believes that the
criteria outi iﬁhd in Section 4.2, paragraphs A, B, and € ha¥e beén satisfied.

4.3 nmnmg -

The purpose of tha Core Hole Prégram is the devaiopment of baselinme geap?yaxca;u ‘
datz 1o assist in e¥a§g3+7ﬁg tha presance of and ?ebavery pegeatéa; ofeg - L
geothermal resource inm a virtually unexplared region. Existing surface angd

fsubsu”fage characteri:txcs suggest that the Resbe*ry Area wculd bave geathermaz'
capab%?ity ' , . .

© ‘Access to the sites will bé via existing roads (Attachment '6) ?eﬁuvriné ng

surface disturbance. Fugitive dust will be controlled as directed by the BLH,
Candit10ﬁs of Approval For Beothermal Drilling, Surface Proteciion ?equxremeﬁta“
(Sg (Qtzachmeﬁt 7). B

" Site preparation will conform to the Peq&xfewaﬂts szec*‘ieﬁ in tha Fiaﬂ af.
-Exploration, Land Use & ReelamatSQG {Attachment 1. Mitigation will inciude.

all immasures Spacified in the condtions of Approval for Geothermal arx??%wg,
S@*F&cn ?retect*aﬁ REQafFemﬂﬁta {Attac ﬁﬁ#ﬁt 71, . . 4

The hole design will conform o the specifications outlined in *hﬁ appmaéeg
driiliag permits from th& Bi# and G?&g@ﬁ Q&partmeﬂt e? Gec}cgy & #i aera?

- Industries {Att&chments 5 4).
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The drill rig gw?? be & truck mogrtad rotary rig with a QPSG dri*1 mtor -
(diesel), exhaust 5r1ven turbo charged capable of drilling 4,000 core
holes. The rig will be supplied by Tant& 5”“11?9 SﬁstCES, 2701 Hest 00

South, Salt Lake City, Utah 84104,

A Heii contral will be subject to the Conditions of Ap&rcval fnr eesthermal
Orilling, Conditions & through 18 (Attachment 7}, , o

Drilling fluids will be regulated in accordance with the.Conditons of Ap rava? .
for Geetheraai 9?121135} Candtion §; subparag?aaﬁs d and & {ﬁttachsant ;.

Hole ccmyie*xan will be sccomalished as Sp%C§f1éﬂ in the CQﬂéftlﬁ“S of gg val
for Geothermal Brx?iiag.{ﬁttach@eﬂt 7).

. ?1uggang and abandonment shall be accamy21sbed %ﬂ',csordanca with ‘the Léﬂd?tIQ?S :
. of &pars¥a1 For Gectherma)l ﬁrii11_g, Condition 18 {Attachment 7).

- S?ts reataratwn shall be subject to the Conditions of Approval For &nthem}

Drilling, Congition 5; subparagraphs a through e {(Attachment 7}, angd the spec-
%?fcations contained in the approved Plan of Exploration (At;achment 1}, >

wEGGC does not anticipat te any &nus&a? ;reﬁ;amﬂ impeding or nregeﬂtéﬁg cempcatxan :
of the core holes. AN o , .

ATl drilling ‘and appurtenant aperat*eas shall be canéucteﬁ in s&ch a fashion -
that insures complicance with all pertinent federal and state health/safety ,
standards. This will include, but not b8 Timited to, adequate noise protectios, -

safety equipment, traffic contrel, and regulated access on or near equipment,
‘Environmental considerations will "be clozely monitored, and strict adharence.

to the Conditions of Approval For Geethermal Drilling will be manﬁetsry to rnsure
- compliance with the apprnved 913& of EADIOTALionN. R )

o =1te facilitias are antaczpatﬂd for this phase cf tbe pregert

‘The first core ne?e {#-1} is proposed to be spuéded ﬁaqast 18, 985, and -
completion not to exceed 45 days thereafier. Snow fall will preciude the
drilling of ths second core hole {(#-3) until June 1, 1986 gaﬁgréxxmate§ ’

If this hole can be completed by August 15, ;Q&é, we would ba in a positien to
drill N-4 if necessary.  This schedule satisfies the ferms aﬁd candiﬁ:eqs of .
_tha REQ-Newberry Unztézgtiaﬂ Agreement. . K

The Drilling Suservisor wil) be assmgﬁeé hy Tonto Dritling Sﬂ?&xeeq and will be
responsible to the Project ﬁaﬁagef or his designate. Geniegist{s) associated

© - with the drilling oparation will be assigned by GEQUC's Chief Gac?egzst {or.
Waiter Rangaﬂ) wWith the concurrance of the Project Manager. .

fTbe QGE re;resa&ta*vvs zhall receive drilling reparts in a timely fashic
regarding well status and data recovery. Said “egsr+s will be d¥ssemxsatnd

by the Project Manager or his designata.

-The'ceﬁmeats contained herein rﬂspﬁnd to the specific qgestiﬁﬂs cantaiaed‘uéée‘?l~
Section 4.3 (Drilling); paragraph A, and should meet the D0E criteria for ‘the
Approveé broject Drx;?ing Plan. o ' ’ L
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PLAN OF EXPLORATION
Nﬁ{?ﬁ&ﬁﬁ‘f FLANK
{GEC-NEWEBERRY)

DESCHUTES COUNTY, OREGON

P?cgeﬁt Lmaaa 4
The io.icmag are the pmpcxsed locations for the Newz:serr} Fiama (GEuwnwoerry}
Core Hole Program: ‘
s ;N-; Sast Lake Quad
336?"_ west and 2430' north of the southeast comer of Section 23 ’ T‘?_ZS‘,' észa
o  N-2: Baulina Peak Qued. T o
950" west and 2600" nocth of the southeast corner of Sec. 32, T218, RI2E. .
o Nk uzz’az.; Bytte Dtsad SR
4100' nocth a:.ad Q0! e:as* of the southwest corner of Sec. 25, T?DS, aps, S '
o Nt agzx.ake’?uad " S .
1300" north and 225 50 west r}zﬂi%é southwent corner of Sec. 35, T21S, msa- |
— M tions |
The xﬁ*ﬁ!ﬁg&f‘ﬁfﬂt‘ for the projecs w;ii ba:
"o “—EG "’aa’ ator L,\,;‘pera for u;.Q-Q\ééwbéery
2300 County Centar I *\’a ;’?L& .
Santa Rosa, CA 95?£Gi
{707} .:2}—-!-272 '
Rey g:»erscnnel a&sigrz&c& to tb'e prcie-f"’t &fé“.

o Chandler Swanbarg (Praject %rianager)
k3 Middlefield ?Ga&. .
Menlo Park, CA 96023
{£15) 32i-5652

o Michael Cale (Senior Eavironmental Cmrématos/ Regulatory £ x.iaﬁﬂm -
2300 County Center Drive, 323*3 o ' , o
- Santa Rosa, CA 2349] _ ’ = .
(707} 5234272

Bftachment "i,‘

v mrnc s cemaers A . . v aee s o e reAm et = e o o




g s S o T

GE/16485  11:53 . USDDE 1DA 812 o B

}
-4

L

-
*

eV, wfmwm
o Michael Johnson (Pm}&ch Qeciegisd )
2300 County Center Drive, #2350
Santa Rosa, CA 23081 '
{707) 323-5272 ’

Location of a fleld office will be provided when established.
Project Descriptien o

The core hole pmgfam is a low-lkey operation umisg_ed in de*e’mmpmg, baseme geou
physical data. This information is a preliminary step in evaluating resource recovery

potential In 2 virtually unexplored region that suggests the presence c»f eeothermal
capability. The projact will consist of the following: .

¢ Pregarstion of up 1o four (#) dt‘iiung L@::atmns and mud pits (rotal areat 160‘
OU‘ per site) :

o Uglizing = m~mczm ted rotary. mp rxg, the core holes will be dr!ii&:l to a
maximum depth of 4000, _ . . T .

o Log temperatures and collect core samples.
o Rig down, |

0 Contdrue logging.

o Abandmment.

s Tre project should hegin agid Ac&f thaﬂ,,uh' L 19835, and terminate Novemiber _
1,193 (esmat&s).

Driiling Program
o Prepare deill location.

¢ Rig-up. '
B o Spud 5-5/8" diametet hole and drill to 800%,
‘o Record mud retutn t&mperatére and coﬁett core sampies;
é Run 4%’30-5 of 4-1/27 casing mth cernenting shoe. ,
o lInstall cementmg head and pressure cement to fili annulus te <ur£ar:e.
‘o Cut off casing ag ammmate;y 2' below ground level and irstall B.O.P.E, flange. -
o Install 27 itll-up ht'e and tlowdown line bﬁicw fiaz‘ge- o

. o N lfﬁ'fa.ﬁ Ean-Pd.ss p’q’-fipm%te
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Coalg x"*’sW ‘ {gkrv_,;s‘@j;,
6 Wait 24 hours for cement (o set; lower one joint of drsil pipe into hoie; close
preventer and test to 3@6 psi. ‘ _

o After completing succe ssful B;O P.E. 'test drill out s‘sse a.nd contxm dnﬂ*ng
with mud system to T.D. ,

= o Record temperatures of mud :etuz'ns and collect cores t0 7.0,
¢ -~ When T.D.is reached circulate to clean cﬁ{- cuttings and condition ‘nsie.
o Ruwn imi&-pmg,ed string of 2-3/4" tubing to T.D. and flll with water.
o Backfill annulus w;.th Sure~-Cel of aqwmam.
¢ Remove B.OPE. and welihesd.
o Install tcc?ing, cap on mbmg N
o Rig-down and remave dritl rig, 5@9@:«: vehicles, and maf:erials lfmm' 's‘i't«;.' -
o Backfill mud pits and gt.’aﬁe 1o original contour. o
§ Clezn area of debris and res'zafé 'éc‘ {as ﬁeaf,i G-’"iéiﬁ&i condition. L

o  Run temperature and gamma—ray logs at least twice (! month interval) pior to - -
£inal abandcnment. - S

Enwmeﬂﬁi

Pursuant to the Geothermal R&.aurf'e-s Lpe*’atmr‘ai Crders, tssu&:i under the Geo- '
thermal Steam Act of (970, the lesses shall be :esp::«nsmie for the monitoring of readily .
identifisble localized impacts associated with specific activities that ars under the -

control of the lessee (GRO Order 4, Genmz wamnmeﬁtai Protecdon Rewemants)
I
_ Specific lmpacts tha: may be associatéd with 3‘1;.5 project, and mqg:atzor
Measures proposed to ceduce sald impacts to a tevel of mszg-*mcanc_ are as hoﬂows,

o - Aesthetics

Campatibility with the existing view shed is a primary geal. I' e 3NoTt-term .
duration of each drilling cpefatien {30-45 days) cougled with the low nrofile of' '
a truck-mounted rotary deill rig (30%s to top of mast) ensure that visual intry-
sion will not-be significant, Addidonally, sitas have been selected that are
well removed from Qopmatad arzas and waditional recraation f'en:e 5 in the

Deschutes! Newn&zry regio

o ;,3:;:5 ,Jsvﬁ and Re&amaneﬁ

The pro;ect has been. d&sxgﬁea to reduce vegetation impacts to 2 minimu
. Access will be via the existing road network to the pad location. The pad area
‘will require only clearing and grading an area approximately 100" x 100'. When
" the preject terminaled, the ar2a willbe g graded 70 4 near the original contour, -
and revsge;ssed thh similar vegetation speaﬁ as dirécied by 8:..‘1{5 &quam:

o3a
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‘Thabitat will not be lmpacted, and water will only be secured a5 directad by the
Stare Watermaster. At project termination, all debris, scrap, of other mater-
~ials imported by the operator shah e remavad_

The project proposed by GEO Qperator C.orpoa-atzm meets the criteria for

exploration and development of a managed resource as defined by the United
States Depactment of the Interior, Additionally, the project is compatibie
with the Deschutes County Geothermal Element ay incorperated into the
Deschutes Ccuﬁ*y Cemprehensive Plan and Zoning Ordinanca. :

o Public Acpe&ﬂ%ﬁ:e&t‘cﬂat Opportunities

The short duration of each drilling operation, minimal amount of surface srea
required, and isolated location ansure that public sccess will be maintained,
and that cecreational value of the ﬁeschute.s;"*iawhary area will not hae
adversely impacted.

" & Sloos Stab.h*v/Ereamn Contral

The sroject is 5o designed that w%th masimum suﬁace dlsvxban&, ls:;ge :

: mamty could not be an issue. Mud pits are construsted to & standard-that.

alieviates the potentis of encreachment on 3 natwal drainage course, or
degosition of :eduﬁéﬁffém.ﬁng waste Into a waterway. As previoualy
described, at project wermination, the sites will be regraded to a3 near the *
»:sngu*a.: contour, and reveéerted with natva spec::zas as raqmred by 324\&.

o Blow \
A core dr:.ﬁimg gmsec’t dodéinot Rave the potential {long-term) 10 aﬁvefseiy
impact tha associated florz andfor fauna (terrestrial or aquatic), The drilling
operztion. could temperarily inconvenience some species, particularly avian
raptors, causing & minor alteration In migration and/or huwting habits. Histor-
iczily, these types of operations have not produced any noz.caabie adverse .
impact o biota, - - . '

QO C:s:n:ai ‘l’.a.ﬁmc:ﬂs

In the evenr & cultural or t’uﬁtanh resgurce is located on or near any of the deitl -

sites. the locaton will be shifted, under the direction of BLM,; o preserve the

_ integrity of the resaurce. As a core drilling program is designed to incorporate
- maximum flexibility, at the discration of the permitting agenc:v, avoidancs of
any ares of significant value i3 easily accomplished. .

i

2 Subsm&m:e and Seismicity -

Concarns regarding geothermal resource pramam wcmlé not be issue
_during a core drilling programs _ A

o  Alr Quality

The project as propased does not bave ‘the potential to e.dve:seiy impact
ambient air Q*uahty
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During the core énﬂmg cperation, waste material fCLnaﬁgSfdi'hhnﬁ medium}
will be directad to 2 waste sump ftr containment, The sumps will be construc~
ted and lined with an impervioys material 1o ensure the integrity of the natural
environment, and eliminate the potential of contaminants entering a dralnage
course or waterway. At the conclusion of the drilling eperation, the sumps will -
be purged a5 directed by the BLM prior to backfiiling, As part of site restora-
tion, the sumps/pads will be regraded to as near the csf;gmai contoar and
revegetatad per BLM requx&menfs, )

Watar QU&L?}

The 3*&&{;{, aﬁ déf_mﬂﬂ; does not b&va the gmtenua 0 :éeﬁe‘adw water q&a&ty
Noise . . | . |

Due to the isslated locations proposed and the namre of *he equipmert
me‘c‘ved, the project will not imipact on any human receptocs. inwusion by
humans in a ramote arsa may have the ability o discupt some widiife species,
particulary svian raptors, which rely on s kesn sense of hearing to {ocate and
secure 3 food source. However, the limited scope of the project adequately .
mitigates significant short-term, az*d preciudes any 1ong-tm waac* from
QECUrTing. ‘

It is the positien of GEO Oékracs: Corporation. that the project, as mposed, does. .

not have the potential to produce any significant long-term envircrimental impscts
Utilizing Best Management Practices and conditions proposed by -BLH, short-term
esiec?s will ‘ae redu::ec‘l to a level of insignificance. L
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Dear Ron:

Pursuant to your communication of July 18, 1985,
GEQ Operator Corporation submits the att ached data collection
Plan fcor your review .and approval. The information is sub-
mitted in accordance with section 4.0 {Technical Tasks)
gubsection 4.4 {Data Collectieon)., Subsecticons 4.1 {(Project
Management ) 4.2 {Permitting and Environmental Reporting) and
4.2 {Drilling} have besn transmitted to your office by
Mike Cale dated 8/7/85 and Federal Expressed from our Bend
office on. 8/14/85. Please let me know ASAP if yvou need

additional documentation from us.

Very sruly your

HMr, Chandler A. Swanbarg

CAS/rs :
cc: M, Cale, w/encl.
J. Combs, w/encl.

e

62419 Sowth Higlnway 97, Suite A, Bend, OR 97201 (303) 349-6681
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4.4 DATA COLLECTION

The purpcse of the Core Hole Program is the development of
baseline geological and geochemical data to assist in evaluating
the presence of and recovery potential of a gecthermal resourcs
in a virtually unexplored region. The following paragraphs des-
cribe the types of data to be collected and the methodology, in-
cluding depths, timing/frequency, instrumentatioens, etc.

Rock sampiing-cuttivgs: The first 400 fest of the hole will be
rotary drilled., During this period, roughly 4 1lbs of cuttings
will be collected st 10 feet intervals, ringed, logged, divided
into two equal splits, bagged, labeled, and placed in temporary

storage in Bend, Oregon.

Rock sampling-cere: The remainder of the hole will be continu-

cusly cored. The core will be handled accerding to accepted

industry standards. These standards are dssgcribed in the drilling
.contract between Tonto Drilling and GEQ Operator Corporation dated
§/14/85 and transmitted under separate cover to DDE on 8/14/85.

The core will be logged daily on site with emphasis on litioclogy,
fractures, ijcints,. favlts, alterations, and other gross features.
Subsequently, the core will be split for more detalled- de:ra.cr:’.p-'411“‘!‘5/>
tion of mineroclogy, texture, secondary mineralizatioa, etc. At /C”jé
this point, small samples (up to 2 1bs} will be selected for

mercury analysis, thin section preparation, age dating, or other

use. Finally, both splits of the core w’ll e ramoved from iE%H”b
site for temporary storage in Bend, Oregon. j?&afy H7 auoéwa .

Orilling Records: The driller will keep accurate records of all
information pertaining to the drilling of the corehole inciuvding,
but not limited to, drilling rate, mud and other additives, fluid
entries, lost circulation, drilling conditions and/or problems,

hole depth, and possibly lltholocy.‘

Temperature: Measurement of bottom hole temperature will be

taken every 100' or as follows:
a) every 50' if temperatures exceed 125'F,
b) every 30° if temparatures exceed 175°F.

Hydraulic Headt The driller will attempt to locate the depth to
water during each trip into the hole.

bDrilling Fluid Samples: A sample of core bole £fluid will be taken
fol¢ow1ng each trip for a bit change or more fiomguently if warranted
' by geologic conditions. The samples will be taken with a Kuster,
clock-~operated, 1000 ml wireline sampler, Appropriate geochamical

*fluid sampling kit"* will be available on site including sampls

3 bettles, chamicals for stabilizing unstable gpecies, filteration
~“warranted by hole conditlons. 47

AS :f J :{‘,
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‘3apparatub, etc. Artesian fluide will also be sampled if so ’
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Data Collection continued

Geophysical well logging: Temperature,csliper, resistivity,
gamma, and self-potential logs will be run in the interval be-
tween the surface casing aod total depth. Density apd sonic
velocity logs will also be run if tools are svailable which can

ered in the hols. The tempera-

operates ip tha conditions ancountereaq the
precision of 0.01°C. . The corehols will be

eguilibrium hag been obtained.

e

ture tool will heve &
relogged until




GEO Operator
A Subeidiary of Geochenal Besources Lomeroativeal, [ne.

August 7, 1385

Ronald A. King
R & D Centracts Branch
Contracts Mapagement Divisien

Re: Projact Managament Plan Seq-Newberry
{s .1r1tation #DE-~SCOF-851012580

Dear Sir:

Pursuant to your communication of July 18, 1985, GEQ Operator Corporation

submits the following Pro;ggt H went _Plan for your review and approval.
The following information s subm ! %Ea in accordance with Section 4.0

(Techrnical Tasks):

4.1 Projact Management
PROJECT LOCATION

The following are the approved Tocaticns for the Newberry
Flank {GEQ-Newberry) core Hole program: !

o Site K-1: East Lake Quad:
3500 Wast and 24507 North of the Southeast
corner of Section 25, T228, RIZE.

0 Site N-3; Fuzztail Butte Quad:
4100' North and 500" East of the Southwest

corner of Section 24, T20S, RIZE.

0 Site N-4, East Lake Quad:
1500' North and 2250' Wast of the Southwest
corner of Section 35, T21S, RI3E.

Tha Lessee/Operator for the project will be:

¢ GEQ Operator Corporation
545 Middlefield Road Suite 200
Menlo Park, CA 94025

: Project Manager

o Chandler Swanberg
545 Middiefield Rd. Suite 200
Menlo Park, CA 94025
{415) 321-5662

2300 County Center Dr., Saite 250, Santa Rosa, CA 95401 (107) 523-4272
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Ronald A.‘King
R & O Contracts 8ranch

Aygust 7, 13985
Page 2 '

Dr. Swanberg shall be the principal contact on any and all questions pertain-
ing to the operations of the Geo-Newberry Project, Unless otherwise directed,
all correspondence will be initiaily transmitted to Or. Swanberg for review

and disposttion,

Environmental Affairs

o Michael J. Cale
2300 County Center Drive
Santa Rosa, CA 95401
(707) 523-4272

Geoleqy/Drilling

o Dr. Waiter Randall
2300 County Center Drive
Santa Rosa, CA 55401
(707} 523-4272

~

o Peter Hansen
545 Middlefield Rd.
Menlo Park, CA 94025
T (418) 321-8662

. 0 Tom Hamilton
545 Middlefield Rd.
Menlo Park, CA 34025
(415) 321-5662

4.2 Permitting and Environmental Reporting '
. /

The Geothermal Resources Operational Orders, -issued upder the Geothermal

Steam Act of 1970, states "....the Lessee shall be responsible for the monitoring
of readily identifiabie localized impacts associated with specific activities
that are under the control of the Lessee...." {GRO Order 4. Ganeral Environmenta)
Protection Requirements). As the project is a federal unit the Oregon State
Office of the Bursau of Land Management acted as lead agency for tha praject.

The Prinevilie District Office, under the direction of Gerazld E£. Magnrusun, was
respansible for preparation of the Environmental Assessment.

The following specific impacts were addressed in the Plan of Exploration
(Attachment 1) as a potential consequénce of the project:

Aesthetics

Land Use & Reclamation

Public Access & Recreational Opportunities
Stope Stability & Erocsion Control

B810TA _

Cultural Resources.

Subsidence &_Seismicity

O OQ0OO0OO0O0



Ronald A. King

R & D Contracts Branch
August 7, 1985

Page 3

5 Adr Quality
o Pits & Sumps
0 HWater Quality

o Nolse
On July 29, 1385, the Prxnevv?xo office aof the BLM issued a Finding OF Ro
Significant Imoact (Attachment 2}. 1In accordance with, and pursuant thereto,

the Beputy State Director for HWn ral Resources, BLM QOregon State Office,
issued 3 Letter.of Approval {Acya:hment 3) dated July 32. 1485,

Completion of the Environmental Assassment, and issuance of the Letter of
Approval and Conditonal Drilling Permit {Attachment 4) satisfied federal
requirements for Environmental Review of the GEQ-Kewherry Project. In addition,
permits to drill a geothermal well ware issued by the Stata of Cregon, Department
of Beology and Minzral Industiries on July 8, 1985 (Attachment 5).

The tnvironmental Assessment process associated with this project has thre
major objectives which ultimately dictate an Eavironmental ﬁanagemenu Plan'

1. Identifying specific ‘mpacta
2, Magnitude of impact
3. Mitigation of impact

As shown in the Plan of Exploration (Attachment 1) GEQ Operator Corporation
accomplished objectives #1 & 2. and suggested a direction for objective #3.

OQur proposal ceupled with the BLN assessment, including conditions and g
stipuiations attached theteto, makes the goal of properly addressing ipstitut-
ional concerns 3 realistic elp°CaatTOG. Therefore, GEQOC believes that the
¢riteria outiined in Section 4.2, pa"agraphs A, B, and C have been satisfied.

4.3 Drilling

The purpose of the Core Hole Program is the devasiopment of baseline geophysical
data to assist in evaiuating the presence of and recovery potential of a
geothermal resource in a wirtually unexplared region. Existing surface and
sybsurface charactertstics suggest that the HNewberry Area would have gecthermal
.capability.

Access to the sites will be via existing roads (Attachment 6) requiring né
surface disturbance. Fugitive dust will be controlied as directaed by the BLM,
Conditions of Approval For Gaothermal Drilling, Surface Protection Reguirements

{5, C; (Attachment 7).

Site preparation will conform to the requirements specified in the Plan of
Exploration, Land Use & Reclamation (Attachment 1). Mitigation will include
all measures specified in the Condtions of Approval for Geothermal Drilling,
Surface Protection Requirements (Attachment /),

The hole design will conform to the specifications outlined in the approved
drilling permits from the BLM and Oregon Department of Geology & Mineratl

Industries (Attachments 35 4).



ronald A. King

R & D Contracts 8ranch
Aygust 7, 1985
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The drill rig will be a truck mounted rotary rig with a CPS0 drill motor
(diesel), exhaust driven turbo charged capable of drilling 4 JOO' core
noles. The rig will be supplied by Tonto Driliing Services, 2701 West 300

South, Salt Lake City, Utah 84104.
Well control will be subject to the Conditions of Approval for Becthermal
Orilling, Conditions 5 through 18 (Attachment 7).

Drifling fluids will be regulated in accordance with the Conditoas of Asproval
for Geothermal Driiiing, Condtiocn S, subparagrapbs d and & (Attachement 7).

the Conditions of Aporoval

Hole compiletion will be accomplished as =pacifxeﬁ in
for Geothermal 0r71¥1ngA(Attachnent 7).

Plugging and abandonment shaII be accomplished 1n zccordance with the fonditioas
of &pproval fFor Geothermal Ori1ling, Condition 18 {Aftachment 7).

Site restoration shall be subject to the Conditicns of Approval For Geothermal
Drilling, Condition 5; subparagraphs 3 through e {Attachment 7}, and the spec-
ifications contained in the approved Plan of Exploration (Attachment 1),

GEOCC does not anticipate any unusual problems impeding or Drevewt*ng complietion
of the core hales. n

Ai1l drilling and appurtenant operations shall be conducted in such a fashion

that insures complicance with all pertinent faderal and state health/safety
standards, This will include, but not be limited to, adsquate noise protection,
qafetV'eqntpnent traffic control, and regulated access on or near equipment.
Environmental considerations will be closely monitored, and strict adherence

to tha Conditions of Approval for Geocthermdl Orilling will be ﬂhncatcr» to insure
compliance with the approved Plan of Exploration. ,

No site facilities are anticipated for this phase of the project.

The first core hole {N-1} is proposed to be spudded August 19, 1985, and
completion not to exceed 45 days tharsafter. Snow fail will preciude the
drilling of the second core hole {¥-3) until June 1, 1985 {approximate).

If this hole can be completed by August 15, 1386, we would be in a positien to
drill N-4 if necessary. This schedule satisfies the terms and conditions of

the GEQ-Newberry Unitization Agreement.

The Drilling Supervisor will be assigﬁed by Tonto Dri??ing Services and wiil be
responsible to the Project Manager or his designate. Geolegist(s) associatad
with the drilling oparation will be assigned by GEQOC's Chief Geclogist (Or.

Walter Randall) with the concurrance of the Project Manager.

The DOE representative shall receive driliing reports in a timely fashion
regarding well status and data recovery. Said reports will be disseminated

by the Project Manager or his designate.

The comments contained herein respond to the specific questions contained under
Section 4.3 (Drilling); paragraph A, and should meet the 0OE criteria for the

Approved Project Drilling Plan.
MJC:be



\@\y) " PLAN OF EXPLORATION

o NEWBERRY FLANK
S{g:ﬂ {GEO-NEWRERRY) '
i .
| Ufﬁ? DESCHUTES COUNTY, QREGON

Project Location

The following are the proposed jocations for the Newberry Fiank (GEC-MNewberry)
Core Hole Program:

o N-1: Sast Laks Quad

35007 west and 2630 north of the southeast comer of Section 25, 7225, RIZE.

o  N-2:Paulina Peak Quad

950" west and 2600 nocth aof the southeast corner of Sec. 32, T2LS, RIZE.

o N.3: Fuzziail dutte Quad’

4100' nocth and 5Q0' east of the southwest corner of Sec. 28, T20S, RI2E.

«

o - N4: Zast Lake Quad ; _ .

1'500" north and 2250" west of the southwest corner of Sec. 35, T2i5, RI3E.

Cperations
The lessee/operator for the project will ba:

o GEO Operator Corporation for GEO-Newberry
230¢ County Center Oriva, #2350
Santa Raosa, CA 25801
(707} 3232772 ‘

Key personne! a.ssig:ned to the project are:

o Chandler Swanberg (Project Manager)
543 Middlefield Rosd
Menlo Park, CA 96025
(&15) 321-56862

o Michael Cale (Senior Environmental Ceordinator/Regulatory Liaison}
2300 Courrty Center Drive, #2350
Santa Rosa, CA 35441
(7Q7) 3234272

Attachment *1°



o Michael Johnson (Project Geologist)

2300 County Center Drive, #250
Santa Rosa, CA 35041
{707) 323-5272

Location of a field office will be provided when established.

Project Description

The core hole '\rog:am is 3 low-key ope.ation utilized in developing baseline geo-
physical data. This information is 3 preumm&ry step in evaluating rescurce recovary
peotential in 2 virtually '.mexpkxed region that suggests the presence of geothermal
capability. The projact will consist of the following:

Precaration of up to four (&) driliing locations and mud pits (total area: 1007 x
: ¢ Lng ¢ ‘

o
100's per site)
o Utlizing 2 truck-mounted rotary deill rig, the core holes will be drilled to a
maximum depth of 4000, ,
¢ Log temperatures and collect core samples.
¢ Rig down.
o  Contirue logging.
o  Abandonment.
o'. "‘..T“e project showld begin not later than July 1, i385, and terminate November
1936 (estimates).
Drilling P;-ogram
o . Prepare drill {ocation.
¢ Rig-up.
o Spud 3-3/3" diameter hole and drill to 400",
o Record mud retutn temperatuce and collect core samples,
o Run 400% of $-1/2" casing with cementing shoe.
¢ Install cementing head and pressure cement to fill annulus to surface.
o Cut off casing approximately 2° below ground level and install B.O.P.E. flange.
o Install 2* fill-Up line and blowdown line below flange. '
o  fnstall B.OPE. equipment.

-z
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o Wait 2% hours for cement 1o set; lower one joint of drill pipe into hole; ¢lose
preventer and test to 300 psh .

o After completing successful B.O.P.E. test, drill out shoe and continue drilling
with mud system to T.D.

o Record temperatures of mud returns and collect cores 1o T.D.

¢  Whea T.D.is reached circulate to clean out cuttings and condition hole.
e Run buli-plugged string of 2-3/4" wbing to T.D. and il with water.

o  Backfill annulus with Sure-Gel or equivalent.

o Remove B.OF.E. and wellhead.

o Install locking cap on tubing,

o Rig-down and remove drill rig, support ‘veﬁides, and materials from site.
o Bacdill mud pits and grade 1o eriginal contour.

o  Clezn area of debris and restore to {25 aear) original condition.

o Run temperature and gamma-cay logs at least twice (! month intervai) prior to

fin2l abandonment.

Eavironm gntal

Pursuant to the Geothermal Rascurces Operational Crders, issued under the Geo-'
thermal Steam Act of 1970, the lessee shall e responsible for the monitoring of readiy
idantifiable localized impacts associated with specific activities .that are under the
control of the lesses (GRO Order %, General Environmental Protection Reguirements).

Specific impacts that may be associatéd with this project,. and mizgration
measures peasosed to reduce said impacts o 3 tevel of insignificance are 35 {ollows:

o Aesithetics

Compatibillty with the exisung view shed is a primary goai. The shori-term
durztion of sach drilling opecation (30-45 days) coupled with the low profile of
a truck-mounted rotary deiil rig (30'+ to top of mast) ensure that visual intru-
ston will not be significant. Additdonally, sites have been selected that are
well removed from populated areas and waditional recreatien <enters in the

Deschutes/MNewberry region.

o Land Use and Reclamation

The project has been designed to reduce vegetation tmpacts to 3 minimum.
Access will be via the existing road network to the pad location.  The pad area

" will regquire only clearing and grading an area approximately 1C0' x 100, When .

the project terminated, the area will be graded to as near the original contour,
and revegetsted with similar vegetation species as diracted by 8LM. Aquatic

i -



rabitat will not be impacted, and water will only be secured as directzd by the
State Watermaster, At project terminauoﬂ, ali debris, scrap, or other mater-
ials imported by the operator shal’ be removed.

The project proposed by GEO Operator Corpotatmn meets the criteria for
exploration and development of a managed resource as defined by the United
States Department of the Interior. Additionally, the project is compatibie
with the Deschutes County Geothermal Eleme'\t 25 incorporated into the
Deschutes County Camprehensive Plan and Zoning Ordinance.

Pubiic Access/Recrezational Opportunities

The short duration of each drilling operation, minimal amount of suriace area
ceguired, and isolated location ensure that public access will be maintained,
and that cecreational value of the Deschutes/Nawberry arsa will not be
adversaly impacted.

Slooe Stabilitv/Eresion Contrel

The oroject i3 so designed that with maximum surface disturbance, slope
swability could aot be an issue. Mud pits are constructed to 2 standard that
alieviates the potential of encroachment on 3 natural drainage course, or
deposition of Sedxment/dn.hng waste into a waterway. As previously
oes\_lbed, at project termination, the sites will be regracwd to as nezr the
originai contoyr, and revegetated with native species as required by BLM.

Biez . v ,

A core drilling project does not have the potential {long-term) to advecsely
impact the issociated florz and/or fauna (terrestrial or aquatic). The drilling
ooerzt:m could tempora:dy inconvenience some *peczﬂs, particularly avian
;ap{f}r’ causing & minor alteration in migration and/oc humnting habits. Histee-
iczily, these types of cperations have not produced any noqcaa.ble adverse
impact o biata :

Cuinural Resources

e event a cultural or historic resource is located on or near any of the drill
sites. the loczuen will be shifted, under the direction of BLM, to preserve the

integrity of te resqurce. As a core drilling program is designed to incocpocate
madmum fexivility, at the discration of the permitting agency, avoidance of
any ared of significant value is easily accomplished.

Subsidence and Seismicity -

Concarns regacding geothermal resource “production would not be an issue
during & coce drilling peoagram.

Adr Oua&ltv

The project as proposed does not have the potential to a-dverselv impact
ambient air quality.
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GEO-South

Statemeﬁt of Work

1.0 Introduction

The Cascade volcanic region has long been suspected to contain
considerable geothermal potential, as evidenced by recent volcanism
and other thermal expressions. There are few known surface manifes-
tations of geothermal energy in spite of the obvious occurrence of
heat sources. One possible explanation is that the downward
percolation of the extensive regional cold gound-water system
suppresses  surface evidence of ‘underlying hydrothermal systems.
However, there have been few wells drilled in the Cascades region to a
sufficient depth to properly evaluate the temperature and hydrological
conditions beneath the cold water zone. There is a great need for
characterization identification of the deeper hydrothermal regime in
order to more conclusively define the geothermal potential of the

Cascades volcanic environment.

DOE's primary objectives for this cost-shared drilling project are to

obtain and release to the public.subsurface information specifically:

) rock samples (core and/or drill chips),

o} equilibrium temperature profiles,

0 uncontaminated fluid samples, _

) evidence for the existence and depth of potentially
producible aquifers,

) geophysical well logs, and

o information on drilling conditions and problems in the

Cascades environment.



2.0 Scope

3.0

4.0

The Participant, GEOOC, will drill a deep thermal gradient'ho]e to a
depth of 4000 feet Tocated 3,500 feet north and 2450 feet north of the
southeast corner of section 25, T22S, R12E, Deschutes County. Oregon.

The. Participant will perform data collection both during and
subsequent to drilling. The Participant will maintain the hole and
allow DOE access to the hole to collect data. The Participant will be
responsible for obtaining any permits or approvals required by
government regulatory agencies in the performance of this project.
The Participant will provide all data and information gathered under
this project to DOE.

Applicable Documents

Work performed by the Participant will be in compliance with all
Federal, State, and local 1laws, rules and regulations, and agency
orders and guidelines.

Technical Tasks

4.1 Project Management

A.  Prepare and obtain DOE approval of a Project Management Plan
within 30 days after award of this agreement. The plan will
include a work breakdown structure and a list of deliver-
ables by task, identify the individuals and subcontractors
responsible for each task, discuss the managemeht techniques
to be used, and include a schedule that shows the period for
performance of each subtask and identifies principal miles—
tones and decision points for each. The plan will also
designate an individual or individuals who will act as
principal points of contact with DOE on behalf of the
Participant.



Perform project management in accordance with the approved
Project Management Plan. In addition to close general
coordination with -DOE, immediate and full disclosure of any

_project problem areas to DOE is required, so that timely

corrective action may be taken with DOE support, if

necessary.

Dg1iverab1e: Approved Project Management Plan

4,2 Permitting and Environmental Reporting

A.

Submit and obtain DOE approval of a Project Institutional
Plan prior to initiation of site preparation. The plan will
identify items required by governmental regulatory agencies
for  the performance of this work, the agency whose
requirement the item fulfills, and the actual or projected
submittal and agency approval dates. The plan will also
discuss any legal, social® or ‘institutional problems
anticipated during performance of the project and planned
solution, ’

Prepare, submit and obtain approval of any documentation
required by governmental regulatory agencies for the
performance of this work. A copy of all documentation
provided to any governmental agency and pe?tinent to this
project shall be provided to DOE.

An approved environmental document is required for this
project prior to any ground disturbance. It is anticipated
that an environmental assessment will be prepared by the
Bureau of Land Management for this project. This
environmental assessment may satisfy DOE's environmental
reporting requirements. If DOE determines that an



Environmental Evaluation Report is required prior to any
ground disruptive activity, DOE will notify the Participant
in writing. In that event, the Participant will prepare the
Environmental Evaluation Report in accordance with DOE
Environmental Guidelines, If a DOE Environmental Assessment
is  required, the Participant will provide information
required by DOE for DOE's preparation of the Environmental

Assessment.

Deliverables: Approved Project Institutional Plan, Regulatory

Documentation, Approved Environmental Document

4.3 Drilling

A. Prepare and obtain DOE approval of a Project Drilling Plan
prior to drilling.” The plan shall describe:

o Surface and subsurface conditions ahtigipatéd to be
encountered during drilling,  including configuration of

the resource.

o) Site access.
) Site preparation.
o Hole design including hole size, casing size,

cementing, etc.
o} Rig and equipment specifications.

) Well containment during and after drilling (including
applicable regulatory requirements).

0 Drilling fluids and disposal method.

o Hole completion.



o) P]ugging.and abandonment.

) Site restoration,

0 Anticipated hole problems, if any, and proposed
solutions.

0 Health, safety and environmental cohsiderations.

0 Site facilities, if any.

o) ADri]]ing schedule including major. activities and

estimated duration.

0 On-site  supervision to be used during drilling,

including drilling supervisor(s) and geologist(s).

B. Prepare a drill site and drill a deep thermal gradient hole
in accordance with the approved Project Drilling Plan. The
Participant shall report on drilling status daily to the
designated DOE representative, so that decisions concerning

the drilling operation can be made in a timely manner.
Deliverable: Approved Project Drilling Plan

4.4 Data Collection

A. Prepare and obtain DOE approval of a Project Data Collection
Plan prior to drilling. This plan will address data collec—
tion both during drilling and after driT]ing. The plan will
identify the types of data to be collected, the depth(s) at
which each type of data will be collected, the timing of
collection, and the method by which the Participant plans to
collect each type of data (including type of instrument and
planned calibration, where appropriate). The plan will
specifically identify all logs and samples of rock and fluid
that are to be collected.



Collect the following data as a minimum in accordance with
the approved Project Data Collection Plan. These samples
and data shall be provided to DOE as soon as possible after
collection,

Rock Sampling. Cuttings will be collected at 15-foot

intervals in the section of the hole to be rotary
drilled. The remainder of the hole will be continu-
ously cored. The Participant will warehouse the core
and cuttings in Bend and make them available to DOE.
DOE will provide procedures for identification and
splitting of core and cuttings. The Participant will

- make thin sections of selected core samples and com—
plete a petrographic study of these sections. The
Participant will -also select core samples for age
dating. The results of these studies will be made
available to DOE.

Drilling Records. Logs describing primary lithology

and secondary mineral content and mud return temper-
atures will be kept during the tricone drilling and
core portion of the hole, copies of which will be
provided to DOE, These logs will also include
information on lost circulation amounts, times and

depths and/or the location of water entries.

Temperature. The - bottomhole temperature shall be
recorded at’ a minimum of 100 ft. intervals during
drilling and preferably at least at every other change
of core barrel. One objective of these measurements
~will be to obtain a useable temperature profile in the
event a subsequent equilibrium temperature profile
cannot be obtained. The measurements shall be made

using calibrated thermometers.



Hydraulic head. At the start of daily drilling, or

whenever the drilling operation will allow, measur-
ements of the hydraulic head or depth to fluid surface
in the hole will be made.

Drilling fluid samples. An appropriate number of sets

of one-liter samples of drilling fluid will be col-
lected every twelve hours during drilling. One set
will be delivered to DOE for possible analysis. If the
Participant analyzes samples, copies of the results
will be given to DOE.

Aquifer fluid samples. If artesian flow is encountered

during drilling, representative samples of uncontami-
nated aquifer fluid will be collected in accordance
with procedures outlined 1in the approved Data Collec-
tion Plan. If no artesian flow is encountered, the
Participant will still endeavor to collect samples of
uncontaminated aquifer fluids at locations in the hole
at which fluid production would be anticipated on the
basis of lost circulation, indications of fracturing in
the core or chips, geophysical well 1logs or other
standard indicators. Potential methods for collection
of these samples include swabbing, bailing, airlift,
drill stem tests and pumping. The Participants will
examine these and/or other fluid sampling techniques
and address collection of these samples in the Project
Data Collection Plan.

Geophysical well logging. Temperature, caliper,

resistivity and self-potential logs will be run in the
interval between the surface pipe and total depth.
Density and sonic velocity logs will also be run if
tools are available which can operate in the conditions

encountered in the hole. The temperature tool capable



(o}

of 0.01 F precision in measurement will be used to

measure the geothermal gradient. One set of field
prints will be sent to DOE as soon as available.

Deliverables: Approved Data Collection Plan, Data and Samples

4,5 Hole Completion and Maintenance

A. Upon satisfactory completion of openhole geophysical logging
and sampling, standard black pipe, 2" ID, with a knockout
plug at the bottom, will be run from surface to total depth,
filled with fresh water and capped. After allowing
sufficient time for thermal equilibration to occur, a
temperature log will be run from which a geothermal gradient

will be derived.

B. Upon completion of the hole, DOE and the Participant shall
review and discuss the data. A mutual agreement between DOE
and the Participant must be reached prior to releasing the
rig.

C. The Participant shall provide to DOE within 15 days of
completion of the hole a schematic of the actual completed
hole configuration.

D. The hole and site facilities shall be maintained for 12
months after hole completion in accordance with the approved
Project Drilling Plan. The hole and site facilities shall
be made available to DOE during this period for DOE's
scientific use. The Participant may also collect data
during this period at its own expense and on a
non-interference basis.

Deliverable: Completed Hole Configuration Schematic



4.6

4.7

Abandonment

The hole will be plugged and abandoned in accordance with U. S.
Bureau of Land Management requirements (Form 3200-9, #5) and

" other applicable regulations within the 12 months subsequent to

the end of the DOE access period. The Participant shall provide
DOE with a copy of the plug and abandonment plan as approved by
the Bureau of Land Management. If for any reason the hole is not
plugged and abandoned by the end of the period, the hole becomes
the legal and financial responsibility solely of the Participant.

Deliverable: Approved P&A Plan .

Site Restoration

The site will be cleared, the pits filled and the site restored
in accordance with applicable state and federal regulation and as
outlined 1in the approved Project Drilling Plan. The Participant
shall provide DOE with confirmation of restoration activities and

Bureau of Land Management or Forest Service approval.

5.0 Reports, Data and Other Deliverables

MmO O W >
. e e e 4 q

»

The Project Drilling Plan as required by Subtask 4.3.A.
The Project Data Collection Plan as required by Subtask 4.4.A.
The Project Management Plan as required by Subtask 4.1.A

‘The Project Institutional Plan as required by Subtask 4.2.A.

A11 data collected by the Participant under Task 4.4.

Regulatory documentation and approved environmental document
under Subtasks 4.2.B and 4.2.C.

Completed hole completion schematic as required by Subtask 4.5.C.
Approved plug and abandonment plan as required by Task 4.6,
Project status and management reports as identified on DOE Form
CR-537, Reporting Requirements Checklist.



1.0

2.0

CELEEO-— E;aazﬁ(

(5) PART B - TECHNICAL APPROACH TO THE PROJECT

STATEMENT OF WORK

Introduction

The Cascade volcanic region ‘has long been suspected to
contain considerable geothermal potential, as evidenced by
recent volcanism and other thermal expressions. There are
few known surface manifestations of geothermal energy in
spite of the obvious occurrence of heat sources. One
possible explanation is that the downward percolation of the -
extensive regional «cold groundwater system suppresses
surface evidence of underlying hydrothermal systems.
However, there have been few wells drilled in the Cascades
region . to a sufficient depth to properly evaluate the
temperature and hydrological conditions beneath the cold
water zone. There is a great need for characterization and
identification of the deeper hydrothermal regime in order to
more conclusively define the geothermal potential of the
Lascades volcanic environment.

Scope’

GEOOC will drill a deep thermal gradient hole to a depth of
(4,000) feet at (4,100' north and 500' east of the southwest
corner of Sec. 24, T20S, R12E)-. GEOOC will perform data
collection both during and subsequent to drilling. GEOOC
will maintain the hole and allow DOE access to the hole to
collect data. GEOOC will be responsible for obtaining any

- permits or approvals required by government regulatory

agencies .in the performance of this project. GEOOC will
provide the data and information gathered under this project

“to DOE.

Applicable Documents

Work performed by GEOOC will be in compliance with all
federal, state, and local laws, rules and regulations, and
agency orders and guidelines. -

-Technical Tasks

4.1 Drilling

A. GEOOC shall prepare and obtain DOE approval of a
Project Drilling Plan prior to drilling. The plan
shall describe:

e Surface and subsurface conditions anticipated to

be encountered during drilling, including
configuration of the resource.

-19-



e Site access.
e Site preparation.

e Hole design including hole size, casing size,
cementing, etc.

® Anticipated hole problems, if any, and proposed
solutions.

e Drilling fluids andgdisposal method.

e Hole cdmpletion.‘ |

e Plugging and abandonment.

o Site festoration.

¢ Rig and equipment specifications.

e Well containment during and after drilling.

° Site faciiities, if any.

e Health, safety and‘envifonmental considerations.

e Drilling schedule including major activities and
estimated duration.

GEOOC will drill a deep thermal gradient hole in
accordance w1th the approved Project Drilling Plan.

4,2 Data Collection

A.

GEOOC shall prepare and obtain DOE approval of a
Project Data Collection Plan prior to drilling.
This plan will be divided into two sections: one
will address data collection during drilling; one
will address data collection after drilling. Both
sections will 1identif the type of data to be
collected, the depth(s{ at which each type of data
will be collected, the timing of collection, and
the method by whlch GEOOC plans to collect each
type of data.

The plan will spec1f1ca11y identify all logs and
samples of rock and fluid required as a minimum by
Subtask 4.2B. below.

GEOOC shall collect the following data as a
minimum, subject, however, to DOE's acceptance of
two minor changes: (1) The entire 4,000 feet of
core (recovery permitting) shall be stored either
(i) where both GEOOC and DOE shall  have

-20-



unrestrained access, or (ii) according to.any other
mutually agreeable plan that will avoid the
unnecessary cost of sp11tt1ng 4,000' of core; (2)
GEOOC shall not run sonic -or den51ty logs wunless
(i) tools can be - found that are . corrosion
resistant,  Tated for temperatures in excess of
500°F, avallable is "slim" sizes, or (ii) GEOOC and
DOE agree upon a mutually acceptable plan that
helps to avoid the cost of replacing "burned out":
tools.

Rock Sampling:

e Drill cuttings samples and/or core are required
from the entire drilled interval. Cuttings will
be collected -at a minimum of each 5 meters (15
feet) in four splits of 500 grams each. Cuttings
should not be washed. An accompanying
lithologic log shall be prepared.

e A minimum of 10 feet of core per hole. This
core may be continuous or taken over selected
intervals. All or part of the core should come
from the bottom 200 feet of the hole. -

e DOE will require ‘an equal split of all core
taken and will specify if any special preserva-
tion of the core is required prior to coring.
Should GEOOC have no further need of the split
upon completion of analysis, DOE will take
possession of any or all of the core.

Fluid Sampling: |
o At the start of daily drilling,.or whenever the

'drilling operation will allow, measurements of
the hydraulic head.

e Lost circulation amounts, times and depths.

e¢ In the case of artesian flow, GEOOC shall
perform a flow test to obtain flow data and to
~collect representative samples of formation
water for chemical analysis. t least 2 liters

of clear filtered water should be collected in
plastic bottles and sealed to .prevent evapora-
tive loss. - A two liter sample of the drilling
fluids in use prior to sampling should accompany
each water sample. DOE will be responsible for
providing collection -bottles and the chemical

analysis of the samples. Copies of the
resulting analyses will be given to the.
proposer. :

-21-
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4

.3

.4

.5

Geophysical Well ngging:

e Logs which provide temperature, porosity, and
lithologic parameters. All logs will cover the
entire ilnterval of the hole from the bottom of
conductor casing to total depth and will be
performed prior to further casing of the hole.

C. GEOOC will perform additional data collection in
accordance with the _ approved Project Data
Collection Plan.

Hole Completion- and Maintenance

GEOOC shall complete and maintain the hole and the site
facilities for 12 months after hole completion 1in
accordance with the approved Project Drilling Plan.
The hole and site facilities shall be made available to
DOE during this period for DOE's scientific use. GEOOC
may also collect data during this period at its own
expense and on a non-interference basis. '

Abandonment

GEOOC shall plug and abandon the hole in accordance
with governing regulations  within the 12 months
subsequent to the end of the DOE access period. If for
any .reason the hole is not plugged and abandoned by the
end of this period, the hole becomes the 1legal and
financial responsibility solely of GEOOC.

Project Management

A. GEOOC shall prepare and obtain DOE approval of a
Project Management Plan within 30 days after award.
The plan will include a work breakdown structure,
identify the individuals and subcontractors
responsible for each task, discuss the management
techniques to be used, and include a schedule that
shows the period for performance of each subtask
and identifies principal milestones and decision
points and dates for each. ~

-B. GEOOC shall  perform project management- in
accordance with the approved Project Management
Plan. GEOOC shall advise DOE immediately of
problems or the need for discussions so that
decisions concerning the project can be made in a
timely manner.
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4.6

Permitting and Environmental Reporting

A.

GEOOC shall submit and obtain DOE approval of a
Project Institutional Plan. The plan will identify
all reports, plans, permits, licenses, and other
items required by governmental regulatory agencies
for the performance of this work, the agency whose
requirement the item fulfills, and the actual or
projected submittal and agency approval dates.

The plan will also discuss any legal, social, or
institutional problems anticipated during perfor-

mance of the project and the planned solution.

GEOOC shall prepare, submit and obtain approval of
any documentation required by governmental
regulatory agencies for the performance of this
work. A copy of all documentation provided to any
governmental agency and pertinent to this project
shall be provided to DOE. Costs incurred prior to
award will not be considered project costs, even
though the . effort was 'in fulfillment of .this
subtask. ' : ' ' _

'GEOOC shall prepare and obtain DOE approval of an

Environmental Evaluation Report prior to perfor-
mance of any:- group disruptive activity. = The
Environmental Evaluation Report will be site-
specific and in accordance with DOE Environmental
Guidelines (see Section J, Attachment 10). GEOOC
will identify the Env1ronmenta1 Evaluation Report
in its Project Institutional Plan.

If DOE determines that an Environmental Assessment
is required, DOE will notify GEOOC 1in writing.
Upon such notification, GEOOC will provide informa-
tion as required by DOE for DOE's. preparation of
the Environmental Assessment.

5.0 Report, Data, and Other Deliverables

“A.
B.

The.Prbject Drilling Plan as required by Subtask 4.1.A.

The Project Data Collection Plan as required by Subtask
4.2.A. | '

The
4.5.A.

Project Management Plan as required by Subtask

The Project Institutional Plan as required by Subtask
4.6.A.

All data collected by GEOOC under Task 4.2.
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F. Reports, identified on the attached DOE Form CR-537,
Reporting Requirements Checklist, are required to be
submitted as defined in Schedule Article No. VII.

6.0 Special Considerations
Financial
GEOOC shall confirm all financial arrangements for implemen- -
tation of the project and provide DOE with evidence that
project financing 1s sufficient to complete the project
prior .to performance of any work under this Agreement.
Details are to be negotiated.

Costs associated with obtaining project financing will not
be allowable cost or cost-sharing cost.
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A)

(5) PART B - TECHNICAL APPROACH TO THE PROJECT

STATEMENT OF WORK - ATTACHMENTS

DRILLING. On February 7, 1985, GEOOC submitted to the BLM a
proposed drilling program which included the corehole being

considered in the present project. Such submittals are
required as part of the process for the designation of a
Federal geothermal unit. ~Following is a detailed dlscu551on

of our proposed drilling operations.

1) Surface and Subsurface Condition Anticipated. Surface

2)

3)

location of the proposed drill site is topographically
fiat, at an elevation of 5,730', and at the intersection
of an' improved and an unimproved road. Rock units we
expect to encounter while drilling are flows, interflow

~breccias, and tephra wunits ranging from basalt to

rhyolite in chemical composition. Perched aquifers and .
lateral groundwater movement are conditions which may be
encountered. Penetration of the regional groundwater
table is anticipated at an approximate depth of 2,400'.

Site Access. The drillsite for the proposed temperature.
gradient hole is located near the-northwest:corner  of

Section 24, 'Township. ‘20 "South,. -Range. :12. East 'in
;Deschutes*County, Oregon. - “But for formal approval by
“the Bureau of Land Management of the Newberry Flank

Unit, GEO Newberry Crater, Inc. ("GNC"), an affiliate of
the proposer, presently has the absolute right to
acquire the entire working interest in the Lease, which
right shall be exercised Dbefore the anticipated

- .geothermal exploration operations are to begin. For

purposes of this proposal only GNC should be deemed to
have an 'existing right of access for geothermal
exploration" in that any and all rights are subordinate
to GNC's right to acquire the entire working interest in
the Lease. GNC's right is defined and by virtue of an
Option Agreement dated August 30, 1984, an Option to
Purchase Interests in U.S. Geothermal Leases Agreement
dated March 14, 1980, and the terms and conditions of an
existing Federal Geothermal Resources Lease (Serial
Number OR-12004). A copy of said Lease is attached as
Appendix E.

Site Preparation. The drill pad will be constructed and
maintained accessible to a truck-mounted drill rig,
supply trucks and pickups. Preparation will include
leveling, grading and brush removal if necessary. Two

. pits, 6'W x 8'L x 6'D, will be dug to collect inmitial

cuttings produced while triconing. The need for road
construction is eliminated since the proposed drill
sites are immediately adjacent to existing roads.
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4)

'5)

6)

7)

8)

' 9)

10)

Hole Design. The proposeéd hole will be drilled to a
depth of 4,000'. The upper 400' will be 5" in diameter,
drilled by rotary tricone. The upper 400' will then be
cased -with 4' x. 4-1/2" "W" series flush-joint casing
(11.3 1bs/ft). The casing will be cemented using
Portland Type II cement. The lower 3,500' will be core-
drilled using "HQ" wireIine (3-7/8" diameter hole).

Anticipated Problems. Given the geologic sections we
expect to encounter while drilling at Newberry, “the -
possibility of drilling into lost circulation zones may
exist. In order to minimize any problems associated
with such zones, the hole will be core drilled. Coring
permits "blind" drilling through lost circulation zones,

~while still allowing sample retrieval.

Drilling Fluids and Disposal Method. All geothermal
drilling wastes will bé contained in portable steel
tanks with wultimate disposal performed per Oregon
Department of Environmental Quality instructions. No

toxic drilling additives are anticipated for use.
Drilling activities shall be conducted in compliance
with Oregon Department of Environmental Quality N01se
Standards.

Hole Completion. Upon satisfactory completion of open-
hole geophysical 1logging, standard black pipe, 2" 1D,
sealed at the bottom, will be run from surface to total
depth, filled with fresh water and capped. After
allowing sufficient time for thermal equilibration -to
occur, a temperature 1log will be run from which a
geothermal gradient will be derived. The site will be
maintained for approxiomately 12 months after
completion. ‘

Plugging and Abandonment. The hole shall be plugged and
abandoned in accordance with U.S. Bureau of Land
Management Form 3200-9, #5 (April, 1980) immediately
following expiration of the access period of DOE.

Site Restoration. The site will Be cleared, the pits
filled, and the site restored accordlng to pervalllng
state and federal regulatlons

Rig and Equipment Specifications. The proposed hole
will be drilled using a C.P. 50 Hydrostatic diamond core
drill. Specifications for this rig are shown in Table
5.1. The contractor will provide the blowout prevention

~equipment, a diagram of which is shown in Figures 5.1 §
5.2).
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11)

12)

13)

Well Containment. ~ Blowout prevention equipment will
include an annular preventer, blind rams, pipe rams, an
accumulator, a fill-up line, a kill line, and a blowdown
line (see Figures 5.1 § 5.2). This equipment will be

‘installed and -present during drilling and 1logging.

Subsequent to 1logging, the well will be killed if
necessary. , - §

Site Facilities. Site facilities will include the drill
rig, water storage tanks, waste disposal tanks, and a
portable chemical toilet, all of which will be removed
upon completion of drilling and testing activities.

Health, Safety, and Environmental Considerations.

a) Health and Safety

General considerations: standard drill site safety
practices, in accordance with OSHA regulations,
will be observed at all times.

Blowout prevention equipment will be installed and
tested after surface casing is set. Standard well
control devices include pipe rams, blind rams, and
a hydril. These devices will be employed dur1ng
drilling and testing as needed.

Portable hydrogen sulfide monitors will be provided
by GEOOC at the site during drilling. If hydrogen
sulfide is detected, a detailed monitoring program
will be employed, and hydrogen sulfide levels will
be chemically abated if necessary. :

b) Environmental

(1) Air quality: -construction-related dust and

: wind-blown dust shall be controlled by regular
sprinkling with water. Though not expected,
if hydrogen sulfide is encountered, it will be
chemically abated if necessary.

(2) Noise: construction-related noise will be
minimal. Drilling-related noise will be of
short duration: approximately six to eight

- weeks. Very little human or vehicular noise
is expected. All activities will be conducted
in compliance with Oregon Department of
Environmental Quality Standards.

(3) Water quality: the site is 1located a major
distance from existing watershed. All wastes
'will be contained in on-site portable steel
tanks which will ' be disposed of wupon
completion' of drilling or when rainfall, if
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Table 5.1

Specifications :
C P.50 Hydrostatic Diamond Core Drill

CAPACITY (Nominal Rating)

NQC
POWER UNIT

Cat D 330-C, Turbocharged Diesel
DRAW WORKS

Type

Drum Diameter

Drum Length

Drum Capacity - 7/8" wire rope

- Transmission

Hoisting capacity- 51ngle line-low gear
‘Hoisting capacity-double line-low gear
Hoisting speed-engine 2100 rpm-high gear
Hoisting speed-engine 2100 rpm-low gear

SWIVEL HEAD
Sizel
Spindle I.D.

Feed Cylinders .
Cylinder Area - Downstroke
- Cylinder Area - Upstroke
Feed Pump - Axial Piston
Total Lift - 1500 psi pump

- CHUCK

Holding

Releasing

Opening or Closing Tlme
Control

Torque at chuck - high gear
Torque at chuck - low gear
RPM - High Gear

RPM - Low Gear

DERRICK

Type
Rated H01st1ng Capacity
Pull Capacity

-28-~

10,000 feet
130 HP Continuous, 2100 RPM

Planetary

1’7"

yAL '

205!

2 speed plus infinite range
52,825 1bs.

110 000 1bs.

0 to 430 FPM - 7.2 FPS

0 to 120 FPM - 2.0 FPS

Through HQC Rod
3 9/16" .
2 - 5" I.D. - 31" Feed
29.39 IN - 180 IPM Nominal
39.27 IN - 120 IPM Nominal
29 GPM - pressure compensated
58,875# - downpressure
: 41,0854

Positive Spring Pressure
Hydraulic Pressure '
1 second

3 way, shear seal valve
750 ft/1bs maximum

1925 ft/lbs maximum

0 to 1250

0 to 500

Telescopic (90')
110,000 1bs.
60 '



' Table 5.1 (cont'd)

CROWN BLOCK

Rated Capacity
Sheaves

WIRELINE HOIST

4,000 1b. bare drum pull

0 - 1100 ft/min line speed
Power up, power down operation
10,000' capacity

ELECTRICAL SYSTEM

110 VOH 7.5 KW Hydraulic generator

Interior explosion - proof lighting
Exterior 500 W quartz halogen rig lights

-29-
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Figure 5.1 ~ Wellhead assembling and blow out
prevention equipment
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(4)

(5)

(6)

(7)

(8)

(9)

(10)

(11)

present, threatens overflow. No fluids of any

type will be allowed to enter the watershed.

An on-site spill mitigation plan 'will be
prepared and implemented if necessary.

Water supply: water for construction and
drilling will be purchased from a 1local
landowner or obtained from a local water well
and will be transported to the project site.

Land disturbance:  since an improved road
exists to the drill site, the only grading
will be creation of a level drill pad
approximately 50 feet by 100 feet and the
digging of a mud pit in which to contain the
steel tanks. Only minimal vegetation removal
is planned. '

Subsidence and seismicity: historical records
indicate that seismicity is not a major

concern in this area.

Ecology: the low level of construction will
result in very 1little, if any, habitat 1loss.
The area shall be examined on a site specific
basis during the Environmental Analysis and
appropriate mitigation measures will be
identified if necessary.

Socioeconomics: no degradation of recre-
ational activities is anticipated as a result
of this project. Because a transient work
crew will be wutilized, impacts of community
services will be negligible. :

Heritage resources: the site is not 1located
in an archaelogically sensitive area, however,
if artifacts are discovered during grading
activities a qualified archaeologist will be
consulted and appllcable mitigation measured
1mp1emented

Visual: the site 1s located outside the
caldera and the visual impacts, while minimal,
will be of a temporary nature.

Site reclamation: at completion of the

~project, the site will be returned as near as

feasible to its original condition -and
revegetated, if necessary, with °~ native
species.
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14)

B) DATA
1)

Drilling Schedule.

a)
b)

c)

d)
e)

£)

g)
h)

i)

Prepare pad.
Move in drilling rig, rig up.

Pick up 5" tricone bit, drill 5" hole to 400':,
dependent upon lithology.

Run and cement 4-1/2" casing to total depth.

Install blowout preventer on 4-1/2" casing as in

'Figures- 5.1 § 5.2. Test preventer and casing.

Drill out 4-1/2" casing, core drill to total depth
of 4,000°'. | ‘

Run open hole geophysical logs.

Fill hole with shur-gel, run 2" water pipe from
surface to total depth, fill pipe with fresh water.

Run temperature gradient logs.

Total estimated duration is 50 days.

COLLECTION

Types of Data.

a)

During Drilling:

Temperature. Bottom hole temperatures will be
recorded in accordance with Bureau of Land
Management NTL Drilling requirements. When

drilling * without returns, the bottom  hole
temperature shall be recorded at a minimum of 100
ft. intervals. Should the bottom hole temperature
reach 125°F and 1later 175°F, the recording
intervals shall be 50 ft. and 30 ft., respectively.

Rock sampling.- The hole will be continuously
cored, and core will be warehoused in Bend and made
available to DOE, or DOE will receive an equal
split of all core taken. Thin sections will be
made of selected core samples and petrographic
study of these sections will be completed. (Core
samples will also be selected for age dating. The
results of these studies will be made available to

DOE.
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Logs describing primary 1lithology and secondary
mineral content, lost circulation zones and/or
water entries, and mud return temperatures will be
kept, copies of which will be provided to DOE.

Fluid sampling. If artesian flow is encountered
during drilling, representative samples of any
fluid produced from the hole will be collected.
Samples will be —collected with a peristaltic
pump/filter system, pictured in Figure 5.3a. The
tip of a short metal probe will be inserted into
the artesian flow below where the fluid contact
air. The pump (and the artesian pressure) will
pull the sample from the probe, through tubing, an
ice-water bath 1if cooling 1is necessary, a .45
micron filter and into sample containers.

48 MICRON , op-ne:éL
TYGON , CAPSUL./ rigx =R SYSTEM . METAL WRAPPED

TUBING

QUICX CONMNES”
RAOCX CATTHE!

= ‘ | / HOSE |
\/\/' B S | BUSHING 7O
| | |
| |
I

el asiens § |
o
N _|

5 GALLON PAIL |
ICE + WATER BATH | 1/2°0R2/4"
| STEZL/mces

STAINLESS STE=L! 24=38" LONG

Il
/\j . " COOLING COIL] |
| |
upsmsnnnc |

|
P I

SAMPLE PUM ! -
CONTAINER ; SURPACSE CASING

Ticurs 5.32- Schematic Zdiagram cI peristaliic sump/Iilzser
' system. :
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GNP

A back-up hand pump system (see Figure 5.3b) will
be on site for filtering bucket grab samples if

. necessary.

/’_———-_—: MICRON

F@ : CAPSULE FILTZER

' | _—MUDOY FLUID

CLEAN FLUID—;

Figure 5.3b - Schematic diagram of back-up hand cump system.

The samples which will comprise one sample set are
listed in Table 5.2. 2,000 ml of filtered,
unpreserved fluid will be provided to DOE as part
of each sample set, in containers provided by DOE.
Duplicate sample sets will be collected whenever
possible. Each sample set will be analyzed for the
standard components of groundwater and geothermal
fluids, plus the stable isotopes of water (oxygen-
18 and deuterium) and tritium. The analyses of
standard components will be performed by Anatec
Laboratories, Inc. The analysis of stable isotopes
of water and tritium will be performed by the
Stable Isotope Laboratory of Southern Methodist
University and the Tritium Laboratory of the
University of Miami, respectively.
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Sample

Size (ml)

2000

500

250

1000

75-100
2000
50

125

1000

Table 5.2 - Sample Set

- Container

plastic
(provided by DOE)

polyethylene

250 ml polyethylene
with polyseal cap

1000 ml polyethylene
with polyseal cap

. 1000 ml polyethylene

with polyseal cap

2-1000 ml polythylene

with polyseal caps

50 ml glass vial

125 ml glass bottle

with polyseal cap

2500 ml glass bottle
with polyseal caps

Filtered
(F) or
Not Filtered Sample
Preservative (NF) Designation
none F DOE
concentrated F NH
sulfuric acid Anatec
(H,S0,) ’
zinc acetate F H,S
(ZnOAc) Anatec
concentrated F cations
nitric acid Anatec
(HNO5)
dilute 10:1 F 510,
Anatec
none F " S04, anions
dissolved and
undissolved
Anatec
none F E COi
Anatec -
none F oxygen-18
: deuterium
SMU
none F tritium
Miami
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2)

3)

0

5)

6)

Two sets of samples, two liters each, of drilling
fluid will be collected every twelve hours. The
drilling fluid sample will be collected by dipping
sample containers into the mud pits. If artesian
flow occurs, - the drilling fluid collected just
before the artesian flow occurs will accompany each
sample set.

b) After Drilling

Geophysical well 1logging. GEOOC intends to run
temperature,  caliper, resistivity, self-potential,
sonic velocity and density logs to total depth of
the hole. These logs will help determine borehole
size variations, 1lithologic changes, porosity of
rock units, formation. water resistivity, and
fracturing within units. Investigations into the
availability of logging tools slim enough to fit
down an "HQ" core hole indicate that all tools are
readily available, with the possible exception of
density and sonic velocity.. A search for slim-hole
tools of this nature continues. A temperature tool
capable of 0.01°F precision in measurement will be
used to measure the geothermal gradient.

‘Depths of Data. The depths at which the various data

will be taken has been discussed in Section (5.B.1)
immediately above. In addition, mud return temperatures

will be recorded and lithologic logs will be kept during -

the tricone drilling from the surface to 400 feet.
These are the only logs being run over ‘this interval.

Timing of Data. All other data will be recorded
subsequent to setting of surface casing. Lithologic
records will be kept continuously during coring.

Temperatures will be recorded and fluids will be sampled
as outlined above. When total depth is reached,

geophysical 1logs will be run in open hole. Upon
completion of geophysical logging, standard black pipe,
2" ID, sealed at the bottom, will be run from surface to
total depth, filled with fresh water and capped. After
allowing sufficient time for thermal equilibration to
occur, a temperature 1log will be run from which a
geothermal gradient will be derived.

Method of Data Collection.  The methods of data
collection have been discussed in sections (5.B.1),

ﬂS.B.Z), and (5.B.3).

Additional Data. No additional tests are proposed at
this time.

Additional Core. Continuous logging is being proposed.
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C)

D)

7) Sampling of Drilling and Formation Fluids. If possible,

samples of formation - fluid will be <collected as
described in Section (5.B.1) above. In such an event,
representative samples of drilling fluids will also be
collected. '

8) Drill Stem Test. This type of test is not recommended.

9) Reservoir Engineering Data. Traditional reservoir
engineering tests are not compatible with the type of
corenole we have proposed.

HOLE COMPLETION AND MAiNTENANCE. Upon = satisfactory
~completion of open-hole geophysical -logging, standard black.

pipe, 2'" ID, sealed at the bottom, will be run from surface
to total depth, filled with fresh water and capped. After
allowing sufficient time for thermal equilibration to occur,
a temperature log will be run from which a geothermal
gradient will be derived. The site will be maintained for
approximately 12 months after completion, during which DOE
will have access to the site.

- ABANDONMENT. The hole shall be plugged and abandoned in

accordance with U.S. Bureau of Land Management Form 3200-9,

- #5 (April, 1980) immediately following expiration of the

access period to DOE. :
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Geothermal Resources International, Ine.

NEWS RELEASE

FOR RELEASE AFTER 9:00 A.M. EST ON TUESDAY, NOVEMBER 26, 1985

Menlo Park, California, November 25, 1985

Geothermal Resources International, Inc. ("GEO") has
completed drilling an exploratory corehole on the Company's
Federal Geothermal Resource Unit around the Newberry Crater in
Oregon, according to Chief Executive Officer, Ronald P. Baldwin.

Baldwin said the Company and the United'States Department of
Energy ("DOE") are engaged in a cost-sharing Cascades Thermal
Gradient Drilling Program which will provide important geological
information about the area, including temperatures at various
depths to evaluaté what geothermal resources may be available.

"This first test hole, a heat flow corehole, is essentially
isothermal through the "rain curtain" which was penetrated
between 3260 feet and 3320 feet whgre the temperature rose from
62 degrees Fahrenheit to 113 dégrees Fahrenheit," he said.

"The preliminary temperature at 4000 feet is 161 degrées
Fahrenheit and the geothermal gradient between 3920 feet and 4000
feet 1is 4.6>degfees Fahrenheit per hdndred feet.f

According to Baldwin, the entire hole was cored and splits
of the core, a full suite of geéphysical logs, plus additional
information, will_be available for examination from University of
Utah Research Institute,A391 Chipeta Way #A, Salt Lake City,.Utah

84108. (801) 524-3L422.

545 Middlefield Road, Suite 200. Meulo Park, CA 94025 (415) 326-5470




GEQ is one of the limited number of companies in the United
States that produces and supplies steam to power plants for
electricity generation. In addition to 49,000 gross acres in The
Geysers area of Northern California, GEO has leases outside The
Geysers on 270,000 gross acres +in Oregon, California, New Mexico,
Utah and Nevada.

For further information contact Steven E. Morris, Vice
President-Administration, 545 Middlefield Road, Suite 200, Menlo

Park, California 94025. (U415) 326-5470.
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4 IDF-203 UNITED STATES DEPARTMENT OF ENER
Ref: B&T IDAHO OPERATIONS OFFICE

e D+ DRILLING PROGRAM
MEMO OF CONVERSATION

Project: S-au/?%)?wn 4/1711/ éei‘k‘}/ Hd‘f//; : .
Person Calling: __ DPyric e fr'w "-/?Lﬁrn/ﬂ/a call Date _ 8 ~7-&5
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UNIVERSITY OF UTAH RESEARCH INSTITUTE

URI

EARTH SCIENCE LABORATORY
391 CHIPETA WAY, SUITE C
SALT LAKE CITY, UTAH 84108—1295
TELEPHONE 801-524-3422

September 30,. 1985
MEMORANDUM

T0: Susan Prestwich

FROM: , Bruce Sibbett
SUBJECT: Site Visit to the GEO-Newberry Corehole N-1

Drilling of the GEO-Newbery Corehole N-1 is going smoothly. Tonto
Drilling cored an average of 91 ft per day with 96 percent core recovery
during last week. The total costs to September 29th of $175,538 equates to
$64.44 per foot which is within the DOE cost estimate. BHT at 2712 feet is
less than 60°F. The drillers think the hole is in good condition, and they
should be able to drill to 4000 feet with HQ rods.

The GEO personnel are doing a good job curating and logging the core,
Arrows pointing downhole are marked on the core and each box of core is
photographed under controlled lighting. Mike Johnson, the»project geologist,
is logging the core with help and training from Géne Ciancanelli. The core
log has a good format and reasonahle detail. I spent a day checking the log
with the core and found the quality of the log generally good.

Most of the rocks penetrated are basalt and possibly basaltic andesite
lava flows with a few percent 2 mm plagioclase and olivine phenocrysts. A few
thin (less than 20 feet thick) pyroclastic flow units are present. Some of
these tuffs or lapilli flows are welded. These beds are significant because
they could provide a sealed zone and they indicate pyroclastic non-basaltic
eruptions. Pyroclastic flows are located at depths of 1180, 1860 and 2167
feet. Geologic data from the hole is confidential at the present time.



GEO 1is splitting the core except for a few samples set aside for possible
further studies, such as paleomagnetism.

The bottom hole temperature is still less than 100°F and the only

alteration is minor hematite and calcite which probably doesn't have any

thermal significance. The drilling fluid is standing at about 1600 feet depth

in the hole.
Chan Swanberg and Mike Johnson seem to be quite amiable about cooperating

with DOE within the framework of the program.
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Geothermal Resources International, Inc.

NEWS RELEASE

FOR RELEASE AFTER 9:00 A.M. EST ON MONDAY, DECEMBER 30, 1985

San Mateo, California, December 27, 1985

Geothermal Reéources Interna;ional, Inc. (GEO) énnounced
today that it has successfuliy completed an additional geothermal
development well at its Power Plant Area A-1/A-~2 steam fields in
The Geysers area of Northern California, which will supply the
Coldwater Creek Geothermal Power Plant (CCGPP), consisting of two
65-megawatt turbine geherators being built by the Central
California Power Agency No. 1 (CCPA). The CCGPP is scheduled to
begin commercial operation in late 1987 or early 1988.

According to GEO's Chief Executive Officer Ronald P.
Baldwin, this new well in Power Plant Area A-1, designated Prati
No. 4, has nearly doubled the amount of steam estimated to be
deliverabkle from this part of the A-1/A-2 steam fields for the
CCPA power plant.

"Prati No. 4, the largest well ever drilled by the Company,
increases the amount of steam deliverable from Power Plant Area
A-1 to the powér plant from 38 percent to 62 percent. It
represents an. important advancement of the CCPA project," Baldwin

said.

1825 South Grant Street, Suite 900, San Mateo, CA 94402 (415) 349-3232



The Company has now completed seven wells in thé.A—l/A-Z
steam fields which will supply the Coldwater Creek Geothermal
Power Plant.

According to Baldwin, the Company is drilling two additional
development wells in the A—l/A—z area and will continue to drill
other wells as power plant construction progresses.

Since 1982, GEQO has been working under agreements with CCPA
to explore and develop 50,000 acres in The Geysers area under
lease to the Company.

GEO is one of the limited number of companies in the United
States that produces and supplies steam to power plants for
electricity generation. 1In additibn to approximately 50,000
gross acres in The Geysers, GEO has leases outside The Geysers
totaling 105,000 gross’acres in five western states: Oregon,
California, New Mexico, Utah, and Nevada. GEO also has options
on approximately 170,000 acres around the Newberry Crater in
Central Oregon.

For further information, contact Steven E. Morris, Vice
President-Administration, 1825 South Grant Street, Suite 900, San

‘Mateo, California 94402 (415) 349-3232.
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