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CASCADES THERMAL GRADIENT DRILLING PROGRAM 

GeoNewberry N-l 
Logs by Dresser Atlas — 2, 3 Nov. 1985 

Log Interval(s) (ft) 

1. Caliper Log - 4 Arm 454 - 1249 
1788 - 3430 

2. Geothermal Temperature Log 0 - 4000 

3. Induction Electrolog 491 - 1250 

4. Gamma Ray Log 0 - 4000 

5. BHC Acoustilog 1788 - 4000 

6. BHC Acoustic Fraclog 1788 - 4000 



United States Department of the Interior 

BUREAU OF LAND MANAGEMENT 
OREGON STATE OFFICE 

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

IN REPLY REFER TO: 

3260 (920) 
OR 11987 
OR 12004 
OR 12442 

, , , AUG :̂5 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 conments conceming Shur-Gel as a final abandonment fluid 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-l, 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 zones to be plugged off in wells 
N-l 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 plugging may 
be accomplished in the same manner as specified for wells N-l and N-2. 
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We prefer 200 ft. plugs (100 ft in 100 ft out) across the surface casing shoe 
especially for wells N-l 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 sinall. 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-l, 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 your 
concerns. If you have any further questions please call Steve Henderson, 
Petroleum Engineer, at (503) 231-2048. 

Sincerely, 

i77illc&<xÛ  / M i f H ^ P C 
Leroy T4. Mohorich 
Acting Deputy State Director 
for Mineral Resources 

cc: Dennis Davis, Prineville DO 
Dennis Slmontacchi, Lakeview DO 
Supervisor, Deschutes NF 
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GEO-NEV/BERRY CORE HOLE N - l 

DAILY REPORT 

6 1 

DATE: Aug. 21, 1985 

TIMEf 2s00 PM 

Rig' on location. Pits dug, Tonto rigging up, 

Mud pit reveals 7 feet of cindsr underlain by a 

horison presumed to be Masarna Ash» 

Total est. cost to datet $3,000 
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GEO-NEV^ERPY CORE HOLE N- l 

DAILY REPORT 

DATE: Aug. 2 7 , 1985 

TIHB: 12 noon 

DEPTHJ 3 0 5 ' 

D r i l l r o d s p a r t e d ^ 9 d r i l l r o d s -r sub & b i t 
l e f t i o h o l e . KIK w i t h 4-^" b i t t o c l e a n h o l e above 
f i s h , b e f o r e a t t e m p t i n g t o r e t r i e v e f i s h -with t a p . 

T o t a l e s t . c o s t t o d a t e = $ 2 6 , 2 8 6 . 
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CEO-NEWBERRY CORE HOLE N-l 

DAILY REPORT 

f̂ ATE: Sept. 24, 1985 DAYS SINCE SPUD.-32 

TIME! 12:00 noon 

DEPTH: 2,294' 

FOOTAGE DRILLED SINCE LAST REPORT; 117 

PERCENT RECOVERY:97 

Changing 0-ring on hydraulic ram. Fluid level at 
1,600». BHT at 2,207' is lees than lOO'F- Last 
Lithology» Basalt. 

Totai ost, cost to date: $147,724. 
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GEO-NF.WBERRY CORE ItOLB N - l 

DAILY REPORT 

eci 

PATE: Sept. 25, 1965 DAYS SINCE SPUD; 

TIMEt lis 00 AM 

DEPTHi 2,398' 

FOOTACE DRILLED SINCE LAST REPORT: 10"̂  

PERCENT RECOVERY: 95 

33 

Drilling 5'/hr. in basalt. Fluid level at 1.600'. 
BHT at 2,308' is less than lOO'F. Attempted to run 
fluid samoling tool; would not function. 

Total est. cost to date; $153,231, 



GEO-NEWBERRY CORE HOLE N-l 

DAILY REPORT 

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

TI.̂ 'JE: 1:30 PM 

DEPTH: 2,452' 

FOOTAGE DRILLED SINCE LAST REPORT: 54 

PERCENT RECOVERY: 96 

POH, change bit, RIH. Drilling 5'/̂ hr. in basalt 
to basaltic andesite, BHT at 2^398' is less than 
100*F. Fluid sample taken from core barrel at 
2,412'. Fluid level at 1,600'. 

Total est. cost to date: $158,430. 
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GEO-NEWBERRY CORE HOLE N-l 

DAILY REPORT 

391 

DATE: Sept. 27. 1985 DAYS SINC-E SPUD: 

TIME: 1:00 PM 

DEPTH: 2,564' 

FOOTAGE DRILLED SINCE LAST REPORT: 112 

PERCENT RECOVERY: 98 

35 

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

Total est. cost to date; $164,483, 
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GEO-NEWBERRY CORE HOLE N-l 

DAILY REPORT 

DATE: Sept. 28, 1985 DAYS SINCE SPUD: 

TIME: 9t30 AM 

DEPTH: 2,668' 

FOOTAGE DRILLED SINCE LAST REPORTs 104 

PERCENT RECOVERY: 97 

36 

Drilling 7'/hr. in basalt, 
lOO^F. 

BHT at 2,602' is less than 

Total est. cost to date: $170,107 
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GEO-NEWBERRY CORE HOLE N-l 

DAILY REPORT 

DAYS SINCE SPUDt 37 DATE: Sept. 29, 1985 

TIME: It 00 PH 

DEPTH; 2,724' 

FOOTAGE DRILLED SINCE LAST REPORT: 56 

PERCENT RECOVERY: 95 

Wireline broKei POH, repair, RIH, drill ahead. 
Drilling 5'/hr. in basalt to basaltic andesite. 
BHT at 2,712' is less than 60° F. Fluid samples 
taken from core barrel at 2,707'. 

Total est, cost to date: $175,538. 
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GEO-NEWBERRY CORE HOLE N-l 

DAILY REPORT . 

DATE: Sept. 30, 1985 DAYS SINCE SPUD: 38 

TIME: 1:00 PM 

DEPTHS 2,800V 

FOOTAGE DRILLED SINCE LAST REPORT: 76 

PERCENT RECOVERYt 91 

Repaired hydraulic ram. Drilling ahead 2-5'/hr. 
in basalt to basaltic andesite. Fluifl level at 
1,600». - ' , 

Total est, cost to datet $180,819 
/ 
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GEO-NEWBERRY CORE HOLE N-l 

DAILY REPORT 

DATE? Oct. 1, 1985 DAYS SINCE SPUD: 39 

ee: 

TIME-. It 00 PM 

DEPTHS 2,891' 

FOOTAGE DRILLED SINCE LAST REPORT; 

PERCENT RECOVERY: 96 

91 

Repaired hydraulic ram. Drilling ahead 5»/br in 
basaltic tuff. BHT at 2,620' was less than 60°f. 
BHT at 2,891'=64''F after allowing 1.5 hours to elapse 
without pumping mud down hole. 

total est. cost to date: $186,763 
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GEO-NEWBERRY CORE HOLE N-l , 

DAILY REPORT 

DATE; Oct. 2, 1985 DAYS SINCE SPUDj 40 

TIME; 12:30 PM 

DEPTH: 2,923* 

FOOTAGE DRILLED SINCE LAST REPORT: 32 

PERCENT RECOVERY: 97 ' 

Core tube stuck;, wireline snapped, POH^ repair wireline, 
free core tube, RIH. Drilling ahead 5Vhr. in basalt 
to basaltic andesite. Fluid sample collected frora 
core barrel at 2,923'. 

Total est. cost to date? $190,838. 
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GEO-NEWBERRY CORE HOLE N-l 

DAILY REPORT 

DATE: Oct, 3, 1985 DAYS SINCE SPUDt 41 

TIME: 11:00 AM 

DEPTH* 2,996' 

FOOTAGE DRILLED SINCE LAST REPORT: 73 

PERCENT RECOVERY: 94 

Dr illing ahead at 4'/hr, in basalt 

total est', cost to date: $196,111 
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GEO-NEWBERRY CORE HOLE N - l 

DAILY REPORT 

DATE: Oct. 4, 1985 DAYS SINCE SPUDi 42 

TIME: lltOO AM 

DEPTH: 3,102' 

FOOTAGE DRILLED SINCE LAST REPORT: 106 

PERCENT RECO\'ERY: 95 

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

BHT at 

TOTAL EST. COST^TO DATE: $2 02,813 
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DATE: 

TIME; 

DEPTH: 

Oct. 5, 1985 

11:30 AM 

3,167' 

GEO-NEWBERRY CORE HOLE N-l 

DAILY REPORT 

DAYS SINCE SPUD: 43 

FOOTAGE DRILLED SINCE LAST REPORT: 65 

PERCENT RECOVERY: 97 

POH, change bit, RIH, drilling 4-5'/hr. in fault 
breccia and basaltic dikes, 

TOTAL EST, COST TO DATE: $208,239 
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GEO-NEWBERRY CORE HOLE N-l 

DAILY REPORT 

DATE: Oct. 6, 1985 DAYS SINCE SPUD: 44 

TIME: 1:30 Fm 

DEPTH: 3,263' 

FOOTAGE DRILLED SINCE LAST REPORT: 96 

PERCENT RECbVERY: 93 . 

Drilling 3-5*/hr in basaltic andesite. BHT at 
3,208' is lees than 60"F. 

TOTAL EST. COST TO DATE:. $215,4 79 

http://HEySEP.fi
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GEO-NEWBERRY COPvE HOLE N-l 

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. in fault breccia. BHT'at 3,312' 
is 82"F. 

TOTAL EST. COST TO DATE: $220,994. 
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GEO-NEWBERRY CORE HOLE N-l 

DAILY REPORT 

DATE: Oct. 8, 1985 DAYS SINCE SPUD; 

TIME: 10:30 AM 

DEPTH: .3,412' 

FOOTAGE DRILLED SINCE LAST REPORT: 80 . 

PERCENT RECOVERY: 88 

46 

Drilling 5'7hr, in basaltic andesite. BHT at 3,412' 
is below eO^F,. 

TOTAL EST. COST TO DATS: $226.,926. 
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GEO-NEWBERRY CORE HOLE N-l 

DAILY REPORT 

DATE: Oct. 9, 1985 DAYS SINCE SPUDt 

TIME: 11:00 AM 

DEPTH* • 3,468' 

FOOTAGE DRILLED SINCE LAST REPORT: 56 

PERCENT RECOVERY: 95 

Drilling 4'/hr. in basaltic andesite, 
collected from core barrel at 3,424'. 

TOT.AL EST, COST TO DATE: $231,986. 

47 

Fluid sample 
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GEO-NEWBERRY CORE HOLE N-l 

DAILY REPORT 

DATE: Oct. 10, 1985 DAYS SINCE SPUD: 48 

TIME: 12:00 noon 

DEPTH: 3,545' 

FOOTAGE DRILLED SINCE LAST REPORT: 75 

PERCENT RECOVER: 88 

POH change bit. Last lithology drilled was basalt. 
B H T ' at 3 , 5 1 S ' = 9 5 ' F . Fluid sample taken from core 
barrel at 3,545' . 

TOTAL EST. COST TO DATE: $238,098. 
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GEO-NEWBERRY CORE HOLE N-l 

DAILY REPORT 
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DAYS SINCE SPUD: 4 9 DATE: Oct. 11, 1985 

TIME; 11:00 AM 

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. 
Drilling ahead 5-6'/hr. in basaltic andesite. 

A tentative decision has been made by GEO-Operator 
to deepen the core hole to 4,650 feet. The estimated 

( a L b ou'_i uii= tnjx.^ J. v, j-wiiuij. v.>-.w%... 

a water sample v/ill be collected 
tuire build up test (Horner plot) vill 

^ to give the best possible estimate of 
current down hole conditions. 

Over the weekend, 
and a temperature 
be conducted 

TOTAL EST. COST TO DATE: $244,502. 

.-t 1< 
^ ^ 7 , ^ i > ^ 

f^ 
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GEO-NEWBERRY CORE HOLE N-l ' 

DAILY REPORT 

DATE: Oct. 12, 1985 DAYS SINCE SPUD: 50 

TIME: 10:30 AM 

DEPTH: 3,635' 

FOOTACE DRILLED SINCE LAST REPORT: 30 

PERCENT RECOVERY: 86 

Mislatched, POH, clean tube, bit. RIH. Last lithology 
-basaltic andesite. BKT at_3,615'=97*F. 

•TOTAL EST. COST TO DATE: $248,500. 
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GEO-NEWBERRY CORE HOLE N-l 

DAILY REPORT 

DAYS SINCE SPUDt 51 DATE: Oct. 13, 1985 

TIME: 4:00 PM . . 

DEPTH: 3,672' 

FOOTAGE DRILLED SINCE LAST REPORT: 37 

PERCENT RECOVERY: 99 

Conduct time-temperature build-up test, wireline 
snaps during testing. Fish for wireline ,. unsuccess­
fully, rig up new set-up to continue test. Rough 
estiraate of equilibrated BHT=151''F, gradient-2.75rF/lOO' 
Last lithology drilled was basalticiandesite. > 

TOTAL EST, COST TO DATE: $254,305. 
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GEO-NEVJEERRY CORE HOLE N-l 

DAILY REPORT 

DAYS SINCE SPUDJ 52 D.ATE: Oct. 14, 19 85 

TIMS: 11:00 A.M 

DEPTHi 3,736' 

FOOTAGE DRILLED SINCE LAST REPORT: 64 

PERCEOT RECOVERY; 96 

Dr-illing S'/hr. in basaltic andesite, which underlies 
14' of clay-rich tuff, BHT at 3,732' after one hour 
pump shutdovn-114°F. 

TOTAL EST. COST TO DATE: $259,734 
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GEO-NEWBERRY CORE HOLE N-l 

DAILY REPORT 

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

TIME: 9:30 A>t 

DEPTH: 3.762' 

FOOTAGE DRILLED SINCE LAST REPORT: 2 6 

PERCENT RECOVERY: 100 

Last drilling 4'/hr. in basaltic andesite. Changed 
bit, drilled through caved sone at 1,300'. 

TOTAL EST. COST TO DATE: $264,914 
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GEO-NEWBERRY CORE HOLE N-l 

.. DAILY REPORT 

DATE: Oct. 16, 1985 DAYS SINCE SPUD; 54 

TIME; 9:30 AM 

DEPTH: 3,784' 

FOOTAGE DRILLED SINCE LAST REPORT: 22 

PERCENT RECOVERY: 96 

Last drilling 4'/hr. .in basaltic andesite. POH to change 
bad bit at 1 PM yesterday. Got back on bottcxn at 1 AM 
this morning. 

TOTAL EST, COST TO DATE: $26$,570. 

1 '«J» rtTxii , o » 1 i •jMii t A f i l 
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GEO-NEWBERRY CORE HOLE N-l 

DAILY REPORT 

DATE: . Oct. 17, 1985 DAYS SINCE SPUDr 55 

TIME: 11:30 AM 

DEPTH; 3,857' 

FOOTAGE DRILLED SINCE LAST REPORT: 73 

PERCENT RECOVERY: 96 

Drilling 4-5'/hr. in andesite. BHT at 3,802*=128"'F. 
BHT at. 3,854'»124'F. 

TOTAL EST. COST TO DATE: $274,461. 
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GEO-NEWBERRY CORE HOLE N-l 

DAILY REPORT 

DATE: Oct. 18,1985 . DAYS SINCE SPUD: 56 

TIME: 10:00 AM ' 

DEPTH: 3,918' 

FOOTAGE DRILLED SINCE LAST REPORT: 61 

PERCENT RECOVERY: 98 

Dri l l ing 4 ' / h r . in andes i t e , BHT at 3 ,864 '=138^. 
BHT at 3,914.'»140*F. 

TOT.AL EST. COST TO DATE: $279,781. 
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GEO-NE'rtBERRY CORE HO.'.F. N-l 

DAILY REPORT 

?AT?.: Oct._ 19, 1985 DAYS SINXE SPUD: 57 

TIME; 10:30 AM . 

DEPTH: 3,990' 

FOOTAGE DRILLED SINCE LAST REPORT; 7 2 

PERCE.VT RECOVE.ov. oo 

Drilling 4-5' hr. in andes-.te. BHT at 3,964' is 142'F. 

:07AI EST. C^ST 70 DATE: 5285,6.54 

FF^^ ' k 
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.3E:-:.-Er."BERRY CORE HOLE N-l 

:AI: Y REPORT 

985 r.AYS SINCE SPUD: 58 

TLVE: 1 0 : 0 0 Ti-M 

DEPTH: . 4 . 0 5 9 ' 

.t̂ CCTAGE DRILLED 

tEBCE^Z RECOVEFY; 100 

69 

rrillir^a 4-5' 

:al est. c c s ' 

.r. andesite. BHT at 4, 014-140'F, 

S28c,55?. ' ", '\ ."> t 

' 9 1 , ?17, 

.. 1 i : . i 1 ll* . / - - . 
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DEPARTMENT OF ENERGY 
CASCADES DEEP GEOTHERMAL GRADIENT 

DRILLING PROGRAM 

OBJECTIUE: 

Sponsor research to characterize 

the deep hydrothermal regime of 

the Cascades in order to define its 

geothermal potential. 

PROGRRM MRNRGEMENT: 

DOE/ldaho Operations Office 

TECHNICRL COORDINRTION: 

University of Utah Research Institute 

MECHRNISM: 

Solicitations for Cost-Shared Drilling 



Mt. Gafibaldi 

Mt. Baker 

iGlacier Peak 

" " < 

jThree Sisters 

P ^ Newberry Caldera 

Mt.Thielsen 
• .^•' •* •• > .. -.•• < f 

•Crater Lake 
Ovit. McLoughlin 

"^<^- ,̂Medicine Lake 

^•;Mt. Shasta 

Q Lassen Peak 

\ 
\ 
s s 

s 

High Temperature Hydrothermal System 



CASCADES DEEP GEOTHERMAL GRADIENT DRILLING PROGRAM 

PROGRHM ELEMENTS 

Therma l Gradient Dri l l ing 

Data Requisit ion 

Lithology 

Geophysical Well Logs 

Hydrology 

Surface Studies 

Data In teg ra t i on and I n t e r p r e t a t i o n 

Technology TransFer 

Open File Release of Data and Core 

Case Studies 



CASCADES DEEP GEOTHERMAL GRADIENT DRILLING PROGRAM 

STRTUS 

F i r s t S o l i c i t a t i o n (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 CancelledOO 

S e c o n d S o l i c i t a t i o n (closing date 5-30-86) 

California Energy Company, Inc. 

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



pnest et â  



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 - UURI 

Analysis of Well Logs - UURI 



CASCADES DEEP GEOTHERMAL GRADIENT DRILLING PROGRAM 

OPPORTUNITIES 

* Holes available for down-hole experiments 
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 

STRTUS 

GEO Operator Corp. 

N-1 (4000') 

N-3 (4000') 

Thermal Power Company 

Completed 10/20/85 
Data and samples open 
filed by UURI Feb 86 

Spud 6/1/86 - c ^ f ^ 

Clackamas (5000') Spud 6/1/86 - * ^ 
M ^ 

Blue Lake Geothermal 

Blue Lake (4000') Spud ? 

New Solicitation: May 30, 1986 

Two additional holes anticipated 
J ^ 



TEMPERATURE - DEPTH LOG 
GEO N- l 

T e m p e r a t u r e (° F) 
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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 

200°F 
$400K 

©—© Costs, $K 

B — S Temperature,°F 
from BHT 

150°F 
$300K 

100°F 
$200K 

50T 
$100K 

OT _ 
$OKo 

± 
500 1000 1500 2000 2500 

DEPTH IN FEET 
3000 3500 4000 



GEO-NEWBERRY COREHOLE N-1 

200°F 
$400K 

150°F 
$300K 

100°F 
$200K 

50T 
$100K 

OT 
$OKo 

©—© Costs, $K 

E — 0 Temperature,°F 
from BHT 

Straight-line drilling cost 

500 1000 1500 2000 2500 
DEPTH IN FEET 

3000 3500 4000 
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MAIL ME 'GEOLOGS' , 

NOTES ON GEO N-l 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 3^29, 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 circulation is estimated 
to have occurred when the black iron pipe was set, which was 
completed on 8 Nov 85, one day earlier. Neither of the 
temperature logs is an equilibrium log. Nevertheless, they do 
yield date of significance. 

The upper 200 ft of the hole shows temperatures about Il5 F, 
which decrease downward to about k l F and.then begin a very show 
buildup such that at 2000 ft temperature is ti-2 F, and at 3000 ft 
tempera;ture 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 /IOOO 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 
conductivities for the rocks below 3300 ft are /1.3 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 /IOOO 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 units below about 31OO 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 
successful 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 l6-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 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 yielding 
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 ft 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 pf 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 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-2 corehole 
which was drilled in the caldera. However, part of the anomaly 
must also correspond to the conductors found in GEO N-l. 

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 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. 

.S 

.END 



NOTES ON GEO N-l 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 a r e 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 i59-7iri. 

TEMPERATURE LOGS 
There were two temperature logs run in the well- The first 

was run on 2 Nov S5 during the course of the Dresser Atlas 
logging- The second temperature log 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 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 S Nov S5, one day earlier. Neither of the 
temperature logs is an equilibrium log. Nevertheless, 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 begin a very show 
buildup such that at 2000 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 
a r e a 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 
conductivities for the rocks below 3300 ft a r e 4.3 mcal/cm—sec— 
deg C, so that the indicated heat flow is about 5 HFU. He 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 19S2 is clearly delineated. Several thin 
clay—altered units below about 3100 ft show high . response. 
Dacite flows at 3211-3330 ft and 3703-4000 ft show increased 
response, averaging 130 API units- This log appears to be 
successful 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-iri 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 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 a r e somewhat compromised. The induction log is 
the more useful of the two remaining logs in yielding 
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 ft of the 
hole is 50—70 ohm-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 be responsible for the occurrence of anomalies in 
interpreted conductivity on surface TDEM surveys reported by Dave 
Fitter-man of the USGS. The surface surveys indicate a widespread 
a r e a 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 corehole 
which was drilled in the caldera. However, part of the anomaly 
must also correspond to the conductors found in GEO N-l. 

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

log and an acoustic fraclog. Both of these logs a r e 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 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: 
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ELECTRIC LOGS 
The electric logs comprise an SP log, a 16-iri 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 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 logs a r e somewhat compromised. The induction log is 
the more useful of the two remaining logs in yielding 
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 ft of the 
hole is 50-70 ohm—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 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-2 , which 
was drilled in the caldera- However, part of the anomaly must 
also correspond to the conductors found in GEO N-l-

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

log, and an acoustic fraclog- Both of these logs a r e 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 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-
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NOTES ON GEO N-l 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 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 85, 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 a very show 
buildup such that at 2000 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- Jhis 
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 
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 hot 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 units below about 3100 ft show high response-
Dacite flows at 3211-3330 ft and 37O8-4000 ft show increased 
response, averaging 130 API units- This log appears to be 
successful at differentiating the felsic and/or altered units 
from the basalt and basaltic-andesite flows-
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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 your office the 
GEO N-l core splits you requested in your 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 you 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 is compatible with 
our various interests. 

Thank you very much. 

Very truly yours, 

^'^' • /] / 

Chandler Swanberg, President 

// /• /j 7l ' 
y JP i .xoJP- ^̂ â-ft̂ tt' 

C A S / r s 
CC: M. Cale , GEO 

J. Combs, GEO 
R. King, DOE 
P. Wright, UURI 
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Department of Geology and Mineral Industries 
ADMINISTRATIVE OFFICE 
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 Svranberg 
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 sanple repository half of the 
1985 sanples from well N-l at Nevifcerry Crater. This sounds like a good answer to 
the prcblein and below I propose how this should be done. I don't knew the avail­
ability of cuttings fron the rotary drilled portion of the well (0' to 470"), but 
these sanples are included in the proposed list. 

The core sanples to be sufcinitted should be approximately 6 inches in lenth (or a 
split 6 inches in length) frcm the named depths. 

DOE/UURI to submit: 
(1) cuttings sanples at 30 ft intervals 0' to 450' 
(2) oore sanples frcm: 

500' 900' 
695' 960' 
750' 1100' . 

GEO Operator to submit: 
(1) core sanples fron: 

2000' 2530' 
2230' 2600' 
2400' 2750' 
2500' 2930' 

1180' 
1230' 
1275' 

3100' 
3200' 
3300' 
3430' 

1350' 
1375' 
1460' 

3600' 
3700' 
3800' 
3900' 

1600' 
1750' 
1870' 

4000' 
4100' 
4300' 
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. 

Sincerely, 

Dennis L. Olmstead 
Petroleum Engineer 

DIOrak 

oc:<-i^llip M. Wright, UURI 
Michael J. Cale, GEO Operator 



VICTOR ATIYEH 
GOVERNOR 

Department of Geology and Mineral Industries 
ADMINISTRATIVE OFFICE 
910 STATE OFFICE BLDG., 1400 SW 5th AVE., PORTLAND, OR 97201-5528 PHONE (503) 229-5580 

August 1 2 , 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-l. 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. 

Dan E. Wermiel 
Petroleum Geologist 

DEW:rm 



VICTOR ATIYEH 
GOVERNOR 

Department of Geology and Mineral Industries 
ADMINISTRATIVE OFFICE 
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-l, 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 
ATI/wermiel/wright 
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GEO-Newberry Crater, Inc. 
A Siibskliary of Geothermal Resources International, Inc. 

Sept. 11, 1986 

Mike Wright 
University of Utah Research Institute 
Research Park 
391 Chipeta Way, Suite G 
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, 
") 

Lttk7-i l\-Ft^-^<zjy 

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. Grant, 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-l 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-l, completed on 11/9/85,penetrated interbedded 
pyroclastic lava flows and lithic tuffs ranging from 
basalt through rhyolite in conposition. The surface 
cinders have been dated at 5835±195 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 sanples selected for 
Fission Track age dating vere either too young and/or 
too inpoverished 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 
conparable 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 tenperature log (-0.01°C) 
measured 7 months after completion shows GEO N-l 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. Tvelve thermal conduct­
ivity measurements representing one rhyolite and two 
dacite flows yield a heat flow of 181 mWin~2. 

GEO N-3 was completed on 7/31/86 and a detailed 
temperature log was completed on 8/18/86. GEO N-3 is 
nearly isothermal (3 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. Mditional core holes are planned to more 
accurately define the thermal regime. 

Submittal information: 

1. 1986 Fall Meeting 

2. 001374080 

3. a)Chandler A. Swanberg 
GEO OPERATOR CORP. 
1825 S. Grant,Suite 900 
San Mateo, CA 94402 

b) 415 349 8181 

4. T 

5. 8135 Hydrothermal System 

6. S 

7. 0% 

8. 35 check enclosed 

9. C 

10. Oral presentation. 
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ABSTRACT 

GEO N-l 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 Kewberry Volcano, Oregon. Drill core, drilling data, and 
geophysical data from the upper 1219 m of GEO N-l are available to the public; 
maximum measured temperature for the released interval is Tl^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, 
illiteC?), and pyrite were identified. The hydrothermal minerals were 
probably deposited at the <71''C temperatures measured following drilling of 
GEO N-l. 

•INTRODUCTION 

Geothermal drill hole GEO N-l, located on the southem flank of Newberry 
Volcano about 4.5 '̂ a-̂ outsid,̂  ths caldera 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). In 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-l 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-l 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-l drill hole; they also discuss 
the results of several geophysical tests conducted in GEO N-l and indicate 
that such geophysical data may be of great inportance to future geothermal 
exploration in the Cascades. 

The drill core was logged and photographed upon recovery by GEO-Newberry 



Crater, Inc. and a split bf the core was sent to UURI. A selection of the 
UURI core (222 sanqples) including vein fillings, vug fillings, or 
representative samples of stratigraphic intervals was studied by us for 
hydrothermal alteration mineralogy. In 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-l 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-l 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 



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 ra (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 identifiesii as JJSinafeit©' <i?y 
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. 
X-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 
hydrothermaK?) silica mineral in drill core GEO N-l 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 Minerals 

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-l siderite probably reflects its composition. Lighter caramel or 
pale yellow siderite crystals have their most intense X-ray diffraction peak 
at about 2.82 A 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 ±0.02A.). In 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 A), Mn-siderite (2.82 A), rhodochrosite (2.84 - 2.86 
A), dolomite (or possibly anV.'sr.rta) (2..M -- 3.90 A), kutnohorite (2.91 -
2.98 A), and calcite (3.02 - 3.05 A). Only a few samples of rhodochrosite 
or dolomite (ankerite?) were identified in the GEO N-l 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 A) to at least the upper border of the kutnohorite range (2.94 
- 2.98 A) (Krieger, 1930). A further conq)lication 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). In this study, the mineral was 
identified as kutnohorite if the highest X-ray peak ranged between 2.94 and 
2.98 A and calcite if the peak occurred at 2.99 to 3.05 A; 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-l drill core, kutnohorite and calcite were not deposited in 
distinctive zones; instead they overlap in their distribution throughout the 



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-l 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-l 
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 A and expand to between about 17.0 
and 18.3 A with glycolation (average values for 91 samples are 15.7 A 
untreated and 17.6 A 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 t>i|j GEO ?5~1 drill core. In the GEO N-l drill core, 
smectite occurs as whole rock (glass) 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 A 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 A 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. 



metallic, cubic pyrite crystals were identified only at 943, 945, and 1068 m 
in the GEO N-l drill core.. At 1068 m a pyrite veinlet crosscuts iron oxide 
deposits, and pyrite crystals formed later than smectite in vesicles. 
Associated minerals are smectite, calcite, siderite, and hiematite. 

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-l 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 lOO^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 NNE of the GEO N-l 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-l. 

In drill core GEO N-l, 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 



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 con5)osition 
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. 
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FIGURE CAPTIONS 

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

Figure 2. Distribution of selected secondary minerals with depth in 
geothermal drill hole GEO N-l. Left column shows a generalized 
stratigraphic section of rock units encountered in the drill hole 
including: basaltic or andesitic lava flows (star pattem), 
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 frora 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 68.3^0 and 71.1''C were recorded at 1219.2 m on subsequent 
temperature logs (Swanberg and Combs, 1986; UURI, 1986). 
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VICTOR ATIYEH 
GOVERNOR 

Department of Geology and Mineral Industries 
ADMINISTRATIVE OFFICE 
910 STATE OFFICE BLDG., 1400 SW 5th AVE., PORTLAND, OR 97201-5528 PHONE (503) 229-5580 

J u l y 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-l 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. 

vW-t- VAi-'— 
Dan E. Wermiel 
Petroleum Geologist 

DEW:ab 
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Department of Geology and Mineral Industries 
ADMINISTRATIVE OFFICE 
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-l 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. 

Dan E. Wermiel 
Petroleum Geologist 

DEW:ab 
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Department of Geology and Mineral Industries 
ADMINISTRATIVE OFFICE 
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 

Mt". Chan Swanberg 
GEO Operator Corporation 
2300 Couiity Center Dr., Suite 250 
Santa Rosa, CA 95401 

Dear Bru.ce and Chan: 

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

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

DOE/UURI to s\±mit: 
(1) cuttings sanples at 30 ft intervals 0' to 450' 
(2) core saitples frcm: 

500' 900' 
695' . 960' 
750' . 1100' 

(7EO Operator to submit: 
(1) core sanples frcm: 

2000' 2530' 
2230' 2600' 
2400' 2750' 
2500' 2930' 

1180' 
1230' 
1275' 

3100' 
3200' 
3300' 
3430' 

1350' 
1375' 
1460' 

3600' 
3700' 
3800' 
3900' 

1600' 
1750' 
1870' 

4000' 
4100' 
4300' 
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. 

Sincerely, 

SFzlxJsy ^Pf f^pUj^__^ 
Dennis L. Olmstead 
Petroleum Engineer 

DIO:ak 

oc: Phillip M. Wright, UURI 
Michael J. Cale, GEO Operator 



THE UNIVERSITY OF WYOmiNG 
DEPflRTfTlENr OF GEOLOGY AND GEOPHYSICS 
P.O. BOX 3006 
LARAMIE, WYOMING 82071 
(307) 766-3386 

i#fMi.t;«8 29 July 1986 

Mike Wright 
Earth Science Laboratory 
UURI 
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, 

JM/nf 

James D. Myers 
Assistant Professor 
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Introduction 

The origin of compositionally diverse igneous suites has remained a 

prominent topic in the geologic literature 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 frora 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), is one of the largest Quaternary volcanoes (>1300 km ) 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 crystal 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; Grove 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 rainor local variations or if 

each exaraple of basalt magma-crust interaction is a corapletely 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 center. 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 volcano (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 at 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-14 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 is 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 group 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% Si02 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 is 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-l, is located 1,067 

m (3500 ft) west and 747 m (2450 ft) north of the SE corner of Section 25, 

T225, R12E 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 

greater 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 ra 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 

°'Sr/^°Sr 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 
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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 are they magmatic 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 raelts of crustal rocks? Was there a 

single, corapositionally 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 include supplemental mapping at a scale of 1:24,000 and 

estimation of the variability and volume of individual volcanic 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-l (Fig. 7). Similar samples will be obtained frora 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 (e.g. 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. In 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 field relations, we should be 

able to detect any changes in these parameters as well as bulk rock 

characteristics with time. Geochemical models consistent with our analytical 

data must also be compatible with field relations. Bulk rock strontium and 

neodymium^isotopic analyses frora 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 magraa(s) and the determination of its 

source(s). Recognition of the parental magma must be based as much on 

geologic as geocheraical data. For exaraple, lavas containing abundant 
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xenocrysts or xenoliths are unlikely to approximate true liquid 

compositions. Having identified the parental raagraa(s), the nature of the 

source(s) capable of yielding such a liquid(s) must be discerned. Given the 

tectonic setting, likely magma sources include: 1) the subducted oceanic 

plate; or 2) the mantle wedge. Using phase projections (O'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 interrelated components, i.e. major elements, trace and RE 

elements, and isotopic compositions. The relative importance of crystal 

fractionation, contamination/assimilation and magma mixing will be evaluated 

using various pseudo-ternary phase projections (O'Hara, 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; Storraer and Nicholls, 

1978). These results will, in turn, be tested using trace and RE eleraent data 

(Greenland, 1970; Arth, 1976). Because they are not affected by crystal 

fractionation, isotopic' data can be used 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 merabers 

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 merabers are corapositionally 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 raagraas crystallizing plagioclase 

(i.e. Nd is an incorapatible 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 

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

Helens, s 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 raodelling 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. In 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 magraa 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 magraa mixing is important in understanding the 

evolution of Cascade volcanic centers. 
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The Newberry volcanic systera has been chosen for this extensive 

petrologic study for several reasons. The lavas at Newberry display 

tremendous compositional variation. Contemporaneous silicic to mafic 

volcanism has occurred until the last few thousand years providing fresh 

samples necessary for such a study. There is 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. In particular, comparisons can be made between intercenter spatial 

and temporal relationships as well as petrographic, geocheraical and isotopic 

characteristics. A detailed comparison of this nature will serve two 

purposes. First, examination of the intercenter temporal and spatial 

relationships may shed light on the physical development of continental magraa 

chambers. For example, are continental magraa 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 sorae 

other configuration? The physical arrangeraent of a raagma 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 liquids. Such 

variables may include: a) parental magraa coraposition; b) wallrock 

composition; c) tectonic setting; or 3) the intensive parameters of 

crystallization and assimilation (i.e. T, P, ^020' s^^.). Determining the 

relative importance of these factors will be useful in understanding magraatic 

evolution and planning future petrologic studies. For example, if tectonic 

setting is of prime importance, 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 magraatic evolution (e.g. wallrock and/or parent raagraa 

composition) implies, however, that each example of basalt magma-crust 

interaction is 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 is 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 is often included as part of the Cascade Range (Fig. 1), it is 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 largest Quaternary volcanoes in the conterminous U.S. A 

composite 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 
Q -7 QC 

volcanic center. At the same time, unpublished Sr/ 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, crystallization 

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 this 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 isotopic 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 is a completely unique event. Finally, 

identification of the character of Newberry parental magmas may aid in 

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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Budget 1987 1988 Total 

PERSONNEL 
JiD. Myers (1 1/2 mo) 
C.D. Frost (1 mo) 
Scott Linneman, R.A. 

academic year 
summer 

Secretarial and Clerical 
Total Salaries 
Fringe Benefits (20% less academic year for RA) 
Total Salaries and Fringe 

FIELD SUPPORT 
Travel (Laramie-Oregon) 
Food and supplies (for 2 for 3 months) 

ANALYTICAL SUPPLIES 
Thin sections and probe mounts ($10/ea) 
Microprobe time ($25/hr) 
ICP supplies 
Reagent supplies for isotopic analyses (acids, 

beakers, filaments, etc.) 
Mass spec time ($25/hr) 
REE analysis (reactor time, vials, 

transportation costs, etc.) 

5,990 
-

6,000 
3,000 
2 ,500 

17,490 
2 ,298 

19,788 

500 
2 ,200 

2 ,000 
2 ,500 
2 ,000 

-
-

-
3,402 

6,000 
3,000 
2 ,500 

14,902 
1,780 

16,682 

500 
2,200 

2,000 
2,500 
1,000 

2 ,000 
4 ,500 

5,990 
3,402 

12,000 
6,000 
5,000 

32,392 
4 ,078 

36 ,470 

1,000 
4 ,400 

4 ,000 
5,000 
3,000 

2,000 
4 ,500 

1,000 1,500 2,500 

TRAVEL 
PUBLICATION (page charges, drafting) 
TOTAL DIRECT COSTS 
INDIRECT COSTS (39% MTDC) 
TOTAL REQUEST 

The larger request for 1987 reflects the cost of setting up the sample 
preparation at UW. 

1,000 
1,500 

32 ,488 
12,670 
45 ,158 

1,500 
2 ,000 

36,382 
14,189 
50,571 

2 ,500 
3,500 

68,870 
26 ,859 
95,729 
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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 frora 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 saraples. The 
exaraination of the cores will be largely the responsibility of Dr. Jaraes 
Myers. In all aspects of this part of the project, he will work closely with 
Mr. Linneman. Thin sections of the N-l core samples are presently being made 
and extensive petrographic work will begin in 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-l 
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 raultiple samples of certain flows. 

Extensive petrographic examinations of the samples (core and surficial) 
collected frora Newberry will be raade 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, 
Sr, V, Cr, Ni, Zr, 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 saraples 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 frora rim to rim on all phases to determine 
zoning patterns. These data will be acquired using 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 phases 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 ^^-^Nd/^^^Nd = 0.511834 with external precision of 15 
ppra, whereas the mean value for NBS-987 Sr is ^^Sr/^^Sr = 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. 

2^ 



Appendix B; Personnel 

Dr. Jaraes 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, geocheraical and 
petrologic) of this project. 

Dr. Carol D. Frost will be co-investigator on 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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Source of 
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I. James D. Myers 
A. Current Support NSF 
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5 

95,729 
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petrologic investigation of an oxide-rich, unusual layered mafic complex. 

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

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

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

5. Petrotectonic evolution of Tobago, West Indies (with A. W. Snoke). 
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James D. Myers 
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had indicated that the volcanic suite was produced by the interaction of 
basaltic magma with crustal melts of varying composition. The present study 
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relationships; 2) examine inter-lava isotopic (Sr, Pb) and trace element 
variations; 3) provide additional petrographic, chemical and isotopic 
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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 °'Sr/ Sr 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 raagma 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. 
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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 
raicroprocessor-bound, easily upgradeable but initially 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 units 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 saraples 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. 

3d 



APPENDIX V 1987 
SUMMARY 

PROPOSAL BUDGET 

OMB No. 3145-0058 
Exp. Date 12.'31,'85 

FOR NSF USE ONLY 

ORGANIZATION 

University of Wyoming 

PROPOSAL NO. DURATION (rvlONTHSI 

Pf-QDOsed 

PRINCIPAL INVESTIGATOR/PROJECT DIRECTOR 

James D. Myers 

AWARD NO. 

A. SENIOR PERSONNEL. PI/PD, Co-PCs, Faculty and Other Senior Associates 
(List each separately with title; A.6. show number in brackets) mioV.m. 

CAL. ACADSUMR 

FUNDS 
REQUESTED BY 

PROPOSER 

FUNDS 
GRANTED BY NSF 
(IF DIFFERENT) 

James D. Myers 1.5 5990 
^ Carol D. Frost 

) OTHERS (LIST INDIVIDUALLY ON BUDGET EXPLANATION PAGE) 

'2 I TOTAL SENIOR PERSONNEL (1-5) 1.5 5990 
B. OTHER PERSONNEL (SHOW NUMBERS IN BRACKETS) 

1. ( ) POST DOCTORAL ASSOCIATES 

2. ( ) OTHER PROFESSIONALS (TECHNICIAN, PROGRAMMER, ETC.) 

3. ( 1 ) GRADUATE STUDENTS 6000 
( UNDERGRADUATE STUDENTS 

5. ( 1 ) SECRET A R IAL-CLERICAL 2500 
6. ( 1)OTHER summer support for RA 3000 

TOTAL SALARIES AND WAGES (A + B) 17490 
C. FRINGE BENEFITS (IF CHARGED AS DIRECT COSTS) 2298 

TOTAL SALARIES. WAGES AND FRINGE BENEFITS (A-tB+C) 19788 
D. PERMANENT EQUIPMENT (LIST ITEM AND DOLLAR AMOUNT FOR EACH ITEM EXCEEDING $1,000;) 

TOTAL PERMANENT EQUIPMENT 

E. TRAVEL 1. DOMESTIC (INCL. CANADA AND U.S. POSSESSIONS) 1500 
2. FOREIGN 

F. PARTICIPANT SUPPORT COSTS 

1. STIPENDS S 

2. TRAVEL 

3. SUBSISTENCE 

4. OTHER 

TOTAL PARTICIPANT COSTS 

G. OTHER DIRECT COSTS 

1. MATERIALS AND SUPPLIES 9700 
2. PUBLICATION COSTS/PAGE CHARGES 1500 
3. CONSULTANT SERVICES 

4. COMPUTER (ADPE) SERVICES 

5. SUBCONTRACTS 

6. OTHER 

TOTAL OTHER DIRECT COSTS 

H. TOTAL DIRECT COSTS (A THROUGH G) 32488 
I. INDIRECT COSTS (SPECIFY) 

TOTAL INDIRECT COSTS 
39% of MTDC 

12670 
TOTAL DIRECT AND INDIRECT COSTS (H + 1) 45158 

K. RESIDUAL FUNDS (IF FOR FURTHER SUPPORT OF CURRENT PROJECTS GPM 252 AND 253) 

L. AMOUNT OF THIS REQUEST (J) OR (J MINUS K) S 45158 

NSF Form 1030 (4-83) SuperseMs Al l Previous Editions 23 •SIGNATURES REQUIRED ONLY FOR REVISED 
BUDGET (GPM 233) 
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APPENDIX V 1988 
SUMMARY 

PROPOSAL BUDGET 

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

FQR NSF USE ONLY 

ORGANIZATION 

University of Wyoming 

PROPOSAL NO. DURATION (MONTHS) 

Proposed 

PRINCIPAL INVESTIGATOR/PROJECT DIRECTOR 

James D. Myers ' 
AWARD NO. 

A. SENIOR PERSONNEL: PI/PD, Co-PI's, Faculty and Other Senior Associates 
(List each separately with title; A.6. show number in brackets) PiMovm. 

CAL. ACADSUMR 

FUNDS 
REQUESTED BY 

PROPOSER 

FUNDS 
GRANTED BY NSF 
(IF DIFFERENT! 

''- James D. Mvers 
2. Carol D. Frost 3402 

5. ( ) OTHERS(LIST INDIVIDUALLY ON BUDGET EXPLANATION PAGE) 

( 2 TOTAL SENIOR PERSONNEL (1-5) 3402 
B. OTHER PERSONNEL (SHOW NUMBERS IN BRACKETS) 

1. ( ) POST DOCTORAL ASSOCIATES 

2. ( ) OTHER PROFESSIONALS (TECHNICIAN, PROGRAMMER, ETC.) 

3. ( 1 ) GRADUATE STUDENTS S c o t t L i n n e m a n 6000 
4. ( UNDERGRADUATE STUDENTS 

5. ( 1 ) SECRETARIAL-CLERICAL 2500 
6. ( 1 )OTHER summer support for RA 3000 

TOTAL SALARIES AND WAGES (A + B) 14902 
c. FRINGE BENEFITS (IF CHARGED AS DIRECT COSTS) 20% l e s s acad^ v r . f o r 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 

E. 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. SUBCQNTRACTS 

6. OTHER 

TOTAL OTHER DIRECT COSTS 

H. TOTAL DIRECT COSTS (A THROUGH G) 36.382 
I. INDIRECT COSTS (SPECIF Y) 

TOTAL INDIRECT COSTS 39% of MTDC 14189 
TOTAL DIRECT AND INDIRECT COSTS (H + I) 50571 
RESIDUAL FUNDS (IF FOR FURTHER SUPPORT OF CURRENT PROJECTS GPM 252 AND 253) 

L. AMOUNT OF THIS REQUEST (J) OR (J MINUS K) 

PI/PO TYPED NAME 8. SIGNATURE* 

INST. REP. TYPED NAME SiiBlGN ATUR E * 

James E. Todd ^ i - ,, ,, 

NSF Fornn 1030 (4-83) Supersedes k i l Previous Editi 23 •SIGNATURES REQUIRED ONLY FOR REVISED 
BUDGET (GPM 233) 



A P P E N D I X V TOTAL 1987-1988 
SUMMARY 

PROPOSAL BUDGET 

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

FOR NSF USE ONLY 

ORGANIZATION 

U n i v e r s i t y of Wyoming 

PROPOSAL NO. DURATION (MONTHS) 

Proposed Granteo 
PRINCIPAL INVESTIGATOR/PROJECT DIRECTOR 

James D. Myers 

AWARD NO. 

P'l^/oHJ^e5g. A. SENIOR PERSONNEL. PI/PD. Co Pis, Faculty «no Other Senior Associatn 
(List each separetaly y.tth title. A.6. show numoer in tarecketi) 

CAL. ACADSUMR 

FUNDS 
REQUESTED BY 

PROPOSER 

"s^grr 

FUNDS 
GRANTED BY NSF 
IIF DIFFERENT) 

^James D. Myers 175 

^ - r ^ r ( ^ l T> •F-rn.c;<- 3402 

S. ( OTHERS (LIST INDIVIDUALLY ON BUDGET EXPLANATION PAGE) 

2 ) TOTAL SENIOR PERSONNEL (1-5) 2,5 9392 
B. OTHER PERSONNEL (SHOW NUMBERS IN BRACKETS) 

1. ( ) POST DOCTORAL ASSOCIATES 

) OTHER PROFESSIONALS (TECHNICIAN. PROGRAMMER, ETC.) 
T2DUU" 3. ( 1 ) GRADUATE STUDENTS S c o t t L i n n e m a n 

) UNDERGRADUATE STUDENTS 

I 1 SECRETARIAL CLERICAL 5000 
6. ( ĵ  ) OTHER summer support for RA 6000 

TOTAL SALARIES ANO WAGES (A + B) 32392 
C FRINGE BENEFITS (IF CHARGED AS DIRECT COSTS) 2 0 % l e S S a c a d . V T . f O T B A 4078 

TOTAL SALARIES. WAGES ANO FRINGE BENEFITS (A+B+C) 36470 
D. PERMANENT EQUIPMENT (LIST ITEM AND DOLLAR AMOUNT FOR EACH ITEM EXCEEDING $1,000:) 

TOTAL PERMANENT EQUIPMENT 

E TRAVEL 1. DOMESTIC (INCL. CANADA AND U.S. POSSESSIONS) 3500 
2. FOREIGN 

F. PARTICIPANT SUPPORT COSTS 

1. STIPENDS $ 

2. TRAVEL 

3. SUBSISTENCE 
4 OTHER 

TOTAL PARTICIPANT COSTS 

G. OTHER DIRECT COSTS 

MATERIALS ANO SUPPLIES 25400 
2. PUBLICATION COSTS/PAGE CHARGES 3500 
3 CONSULTANT SERVICES 

4. COMPUTER (ADPE) SERVICES 

5. SUBCONTRACTS 

6. OTHER 

TOTAL OTHER DIRECT COSTS 

68870 H. TOTAL DIRECT COSTS (A THROUGH G) 

I. INDIRECT COSTS (SPECIFY) 

TOTAL INOIRECT COSTS 
39% of MTOC 

26859 
J. TOTAL DIRECT ANO INDIRECT COSTS (M + II 95729 
«•- RESIDUAL FUNDS (IF FOR FURTHER SUPPORT OF CURRENT PROJECTS GPM 252 ANO 253) 

L. AMOUNT OF THIS REQUEST (J) OR (J MINUS K) S95729 
PI/PO TYPED NAME Sl SIGNATURE* 

INST. REP. TYPED NAME airS>QNATUR£ 

James E. Todd ,.1,^Xf\ CZ-> <••-

DATE 

DATE 

7 / 2 1 / 8 6 

FOB NSF USE ONLY 

INOIRECT COST RATE VERIFICATION 
Oat* ol Ret* ShMt |l(\it(>lt - OGC 

•SIGNATURES REQUIREO ONLY FOR REVISED 
BUDGET (GPM 2331 

ProQrer* 

NSF Form 1030 (4-831 Supersedek Al l Previous Bdi tions 23 



UNIVERSITY OF UTAH RESEARCH INSTITUTE 

UURI 
EARTH SCIENCE LABORATORY 

391 CHIPETA WAY, SUITE C 
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-l which we agreed to provide. Also enclosed in the package is a 
copy of the lithology log for N-l. Regarding rods left in the hole, we 
understand that there is a 1-1/2 inch iron pipe to TD, which I believe 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 OOE package and have not been 
delivered to us. We understand that the fluid level was about 1600 ft. below 
surface at the conclusion of drilling. As far as I know, no static fluid 
level measurement has been made since drilling ended about November, 1985. 

I hope that this completes our obligation to you, but if not, please let 
me know. 

Sincerely, 

P h i l l i p M. Wright 
Technical Vice-President 

PMW:leo 

E n d . 

cc: Dan E. Wermiel 



Department of Geology and Mineral Industries 
ADMINISTRATIVE OFFICE 
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-l well, Deschutes Co., Oregon. Certain material 
was requested from you, which has not y e t 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. 

\X*-^C-- \MJ^-~ 
Dan E. Wermiel 
Petroleum Geologist 

DEW:ab 



UNIVERSITY OF UTAH RESEARCH INSTITUTE 

UURI 
EARTH SCIENCE LABORATORY 

391 CHIPETA WAY, SUITE C 
SALT LAKE CITY, UTAH 84108-1295 

TELEPHONE 801-524-3422 

M E M O R A N D U M 

TO: Susan Prestwich, DOE/ID 

FROM: Mike Wright, UURI 

SUBJECT: Sampling of GEO Newberry N-l Core by 
Universi ty of Wyoming 

DATE: . July 9, 1986 

On July 9, 1986, I was v i s i t ed by Dr. James Myers, professor of 
geology at the Universi ty of Wyoming and by Scott Linneman, his graduate 
student. The purpose of t he i r v i s i t was to discuss data from the GEO Newberry 
N-l corehole and to examine the core and take selected samples of i t . Myers 
has avai lable funding for work on the core and he expects fur ther funding from 
the NSF. Linneman w i l l be doing a f i e l d geologic mapping project at Newberry 
as part of his PhD work, and w i l l also Work on the core. They plan to do 
pe t ro log ic , isotope, probe and bulk chemical analyses of the core samples. 
The resul ts of t h i s work should s ta r t to be avai lable as abstracts and ta lks 
by next spr ing. 

I emphasized the need that DOE has to get the maximum amount of scien­
t i f i c resul ts from study of the samples and that they should r e s t r i c t t h e i r 
sampling to the minimum necessary. I also asked that before they took a one 
of a kind sample they get t h i s okayed by UURI. They have agreed to these 
s t i pu la t i ons . 

Attached is a l i s t of the samples that they took and for which we can 
expect research resu l t s . 

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



UNIVERSITY OF UTAH RESEARCH INSTITUTE 

UURI 
EARTH SCIENCE LABORATORY 

391 CHIPETA WAY, SUITE C 
SALT LAKE CITY, UTAH 84108-1295 

TELEPHONE 801-524-3422 

M E M O R A N D U M 

TO: 

FROM: 

RE: 

DATE: 

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

P. M. Wright . ^ ^ p l J -

Samples taken for study at the Univer 
number refers to feet) pieces taken a 

July 10, 1986 

3992 2690 
3957 2628 
3922 2602 
3893 2572 
3825 2489 
3788 2450 
3739 2402 
3685 2377 
3643 2333 
3590 2306 
3564 2274 
3511 2206 
3485 2168 
3407 2142 
3324 2096 
3248 2065 
3220 1997 
3120 1979 
3085 1940 
3063 1904 
3035 1859 
3028 1825 
2993 1798 
2908 1759 
2854 1672 
2778 1631 

1574 
1532 
1503 
1491 
1441 
1392 
1348 
1277 
1239 
1206 
1180 
1151 
1122 
1055 
1011 
976 
949 
912 
897 
893 
888 
775 
721 
683 
626 
595 
492 
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/ I f i h r tcKlkUi/f ujffk FOhâ î  ScAZCK.nhtr<p a ^ J Ai7k<L 7F0hhS-cr>-i 

(pn l\li\t, Zl -ikjiî  fofoLA^lnj -t50filn^Flus (zyi fTsc a.r^iiZci.f a f Jazt^ 

OPuk. SOzlfj-.. Ayyfz)K. QJce £.̂ <y.e Jj^cf 

N<̂ \7> '̂̂ ^ f i Qam^i^ l^j (^y Bâ Yy lM7(/rQnP) Q-e^. ^^ Vs" 
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UNIVERSITY OF UTAH RESEARCH INSTITUTE 

EARTH SCIENCE LABORATORY 
391 CHIPETA WAY, SUITE C 

SALT LAKE CITY, UTAH 84108-1295 
TELEPHONE 801-524-3422 

November 13, 1985 

MEMORANDUM 

TO: Susan Prestwich 

FROM: Bruce Sibbett 

SUBJECT: GEO-Newberry N-l Logs 

Enclosed is one copy of each log from 
temperature increase at 3260' occurs within 
flow which is underlain by an ash-flow tuff 
at 3349 feet is clay altered and impermeabl 
lava flow and the clay seal below appears t 
curtain. The temperature gradient within t 
2300 to 3240 is 2.8°F/100' (51°C/km). With 
and lava flows, 3260 to 3440 ft the gradien 
3440 to 4000 ft the gradient is 6.5°F/100' 
gradients will change somewhat as the hole 
don't expect the overall pattern to change. 

the Newberry N-l hole. The 
a 120 foot thick, massive lava 

The upper few feet of the tuff 
e. The combination of the massive 
0 control the base of the rain 
he lower part of the rain curtain, 
in the zone of pyroclastic units 
t is 24.7°F/in0' (45Q°C/km). From 
(118.7°C/km). These apparent 
temperature equilibrates but I 

BSS/jp 

enclosures 
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sny gt>oth*?rTt!a.l m^\\ and the o|»ratQr reqi^sJa 
in wriling ihat m final onfcr fes- pairposes of 

mcnt .s'hatt, wittsin IS «feys alter recsii^ i:̂  tfee 
notifitf. deliver siKh f j i ^ written orstef to t l ^ 
<a>»tats»-.! \wm 'i.mi SM> • 

5^2.239 ! l ^ t C.T78 SS;;̂ :-g!e; rcijseled t>̂  1975 c.55? 

app^ai (I) Ths otwtator of sniy ge^Jthem^l 
weli iihisi! within JS days from t t e ^ats ^ t te 
y^rvitv ol ar!>' ottj&r, sithif? asmply with the 
onier or file wiife ths ^deparifsent a writitn 
jsatftnsrat that the orfer tK rsrt .5cs«|»iabl«, and 
tit̂ ! rvMficsns thvn'fdr. ar*^ the statstnsnt shsil , 
cDTwtituU* sn a|jp©al fr?3fT5 such or?itr ts Ihs 

(2> Aay fir.nl wriiiei> ortkr oC the teasiS 
may be appeelsd In the maniwr p««vufe4 m 
OKS I83..1I010 ia3.JI60 for app^^ak frsm llml 
ortiers is ccste^tesl -caae*, 11S75 e..'>&2 s»! 

WEl-LEEC;©!!!^ 

opef stor ol a»5» geothermal .well shsll ls.©s|>, J^-
cjiUf® to te kept, a csrsful ^vd. aoeufsts l<̂ » 
qore «H?Q:rd und hktocy o€ tlu? drillit^ of the 

<E> Ths leg referp^i ta is s*»l®sciî % 1̂) ef 
thb Rssiio^ shall sbsw ih« cHanssAer sis^ 
depth f»f rat^h fortnalHJn ^mcmjnlered Js ths 

'lr 

! ^ 

http://fir.nl
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€E0THf:il.MAL E^OUHCES 

asd teiTS|J©T®t4£» (rf .. WBt'&r-beRrJ.n̂ .̂:„,;|iriiti«, 

tteft smi s^i^f c^^fsiesi af?4 phj^sical ?ham«-
tsmti® ^ fluid efweunton^ f^jm tim© i<j 

{3) 111© ees^ tsQs«4 mf«fTe4 to ifi sub«?c-
tkHi <1) sf tHis f»ettsfi ^hal? shew thf* jfepth. 
cJmrsctJtr asd ffuH csateist of «fr«jB ^diiai n«4r 
so far as detensuned frsm ths stutfy arai anal­
ysis lî T^Of. • . 

(4) "BJS hi^tefy ref^ir^ ie iu ««b*f??iioa 
(1) of tfak ^etlsa sfcgsft ishovr the kicMHin aral 
aiBi£Ripl o# skletpacked easi ngs, t e ^ ts* tî thsr 
material; t ^ (itptb smi gya«tiiy <ff <srT«fnt in 
cigfnefjt pJofs; the shs^ of dynainit© or sthbr 
®spio«v^ used; U^ results of p^ ik l i tm and 
Qth*r te^s dwifsg' iriilirsg Qperatwns; JJIKI 
csm^tetlon data, 

(5) Th^ log refgrrsd tc ia ^i^ections UJ 
aa^ (g> of this section shaU be k&pt in t te fo«?l 
office ef ibe of^ratm" arsd, fOfsther with the 
tour Tê ?rl<3 of ths Of^r^tor, ahall htf mih^rvi. 
during iHt̂ jresat bmirs, is inspsctino h>' th** 

(6> T ^ opm^iior {rf any gtjothermo} 'i*/?rU 
sb«IL ifi sddjtien to furtiishlii^' the fog, 
rewrdb, ati4 tests requirsd by thJs stHrtion, 
€^11 :̂1 repre^i^tive drill cultsngs. Th^.^^^c 
stor shall a^itsonsily, in ths evc-nt «^res ar^ 
takefi, cs?il«S represeatattve o^}^ ssiropfc*. 
*nte dirill cuttlufs and cws ^»pk?s shall i» • 
fIJed with the ctep^rtmsai promptly upsm 
censpl'^iott CNT apoa its wiitt^rt niqiKmtf an4 
%^m\ tiw ateRdomrwTit or upjn su!̂ prriKii>n oi 
opersdJoTis itf̂  a ^riad c^ at l^aat sis months, 
SI97B e,gS3 «26t IPT7 ftgr §41 

operster ql say fec^tefsjal ^«?ll w hb desig­
nated ag&at shaS fj|§ ^itfe the daprntmem s 
ctjpy of tbe ksg, hislary^n4 «sEjre. ractmi, or tmy 
porinm thereof, jmusiJiiy upon ^mplei'inn. or 
uptm ths « .̂rHtes t ^ t a s t of ths departrm'ut at 
sRy tjms sfte? tb# eetnmeiwement of ih» werk 
1̂  dtriiiiftg say gegthsTm^l weiL and u^m lbs 

tiom for a period (d al lefi$i: sis mpnlha. 

\2) P«? a psrii^ of four years sft^r t l^ 
r t « ^ ^ irf aay kjg, hbto^ , cor©, rscstti or any 

f Jam disdosii?© ^ g ttmh secrwt puFsyam, to 
ORS 1S2,S00 <J) unle^ |"h# ofisrst̂ K- giv%s 
^^^•^#1 terete*^tbaiiate, (>s7Sc.552faT{ 

^2 .« i» Usttlsatteg d«%^l^^f@l .€ii 
yi%ll sp^e^ff^eM. (l> Wl*,©© ti*0 <»• rmfm s«^-
lately t m r ^ tr^^cts «f lsi*d ar« wjthlm ©s a i ^ 
ut^cr Whkh a r̂ '̂ Fv©!? £s kssate^ or re-aa^is-
aWfy bsl'tev^ io be f^^ated, or whte thet^ &s 
mpBt^efy w?tve4 irrfiST t̂a m mil o» ]^rt of 
swch an arsa^ lb© bqard^ u^m its aw^ mafe^ 
may -or WJ»B th^ s^tssiks* ĉ  ais . k^ im^^ 

lEtpr fe>dy, ^jcdal district ^ ^©Rcy, shaS 
' stjriew. tb# nfisd for un^tzati^Hi. of tbse ai'^a. 
The bosrd tjy ml? or ef^f iflsy requis^ th® 

^development o# a umt ap*etment for ths ggsK 
tiwrjxml rejWMree area if it Unds'. 

6®y^l:opmstii of ths geotfeersgal r^s)urs^ in a 
rR3efv<rtr rs nee&ssaĵ v to incr&sss the uHimale 
rieci?vs!y of the resoyrse^ 

<b> llie appHtastKim M utsiiied m e t l K ^ ^ 
operatkm wi5f jsreverit waste esrf akl effiei^i^ 
pi-^ucttOii and «tOi2ati«s of tfeg rescHirserOP 

(c? Uniti«f?tioa s t ^ tt^ tmliissd mt«th^ «f 
opentti»m am m iJ5« p?jfeti€ iftt^r^gt aM.res-
sonabiy W'^c^'^ry to p?©tes?t tlte. corr^lativ® 
nghts of owi5#?s, 
, _<2) When t te boapS rt<|mres t l^ sfevgtep-
•meM-of a unit ap^emeTii: uisd&r this action, 
st §hafl erwoarag?' ttw -stevefê m t̂ot of & vqian* 
tary agewnsent bstw©gijt^ alfs t t^ partiee. 
fn the u'S^si^v of 4 volustajy aptj^s^atj tbs 
board shall jt«w»lf d^vetop ig* caase t$ te <fev«l' 
ô3©d © unit cigPBenwnt tbst sstisfief tht provi-
4i<>ns ol ORS 273.770, 3ma70, 6 2 2 . ^ , 
522.015. S 2 2 4 ^ te- 5^.545, ^SJlSS aR« 
5^^.^3, la. sifoptitjg ft ruk or e a t s ? ^ BB 
sjrd^r for a unit agre&s»st* t te bsas^ sbsil 
consider ssy FtsRt dftsJkst^ area «grg©G^i^ 
ia effect aad shall m^ csmtjsvsise m istetf^srs 
wiik that agreecaeat utibes it Hrsla that a 
term or osrt^Hion of tMt agrsemsst vj<jiat@s 
th0 policies slated in OF© Si^.OlS. The imif^ 

in sc«jrdaT^es with s pr«3?^^ u-mt ggr^eroeM 
if il i i t ^ ihat tM egr^H^i* «^(srma with 
the p^^vish^m of ORS 273.77$. *B.370, 
5t2.i}0fi, S22,0iS, 55^.4^ to 6^..S4a, 522,818 

MitAsr mi\:^^U^m lli s i ^ ft) td iWs wcy^i 
sbail b® t^f i4«^^ m s mlt^sfcinf i^^jwedizs 

unJe^.Hit intsfeste® imstj r^pis^ta th^l it'bs 
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GEO Operator Cofpoi'ation 
A Subsidiar)' of Geothemial Resources International, Inc. 

March 25, 1986 

Ronald A. King 
U.S. Department of Energy , , 
Idaho Operations Office 
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 prpgram so I 
thought I would pass it along for your files. 

Given the relatively mild.winter and warm spring, we could 
be on the ground by mid-May with our 'N-3 operations. I will be 
in further contact with you as soon as we are able to make some 
definite plans. 

Very tjruly yours, 

77 0 
7 

Pl :-Mp- hF(FU.u-^F^ 

Chandler A. Swanberg 
Vice President 
Non-Geysers Project Manager 

CAS-.yts 
Attachment 

CO: J. Combs - GEO 
S. Prestwich -J)OE 
fP.̂ 'Wright -""UtJRI J 

1825 South Grant Street, Suite 900, San Mateo, GA 94402 (415) 349-8181 
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United States Department ofthe Interior 
. HL"KKAL"OF l.AXl) MAN'AdK.MF.XT 

OREGON STATF. O F F I C F : 
l';0. H(i.\ 211(10 (825 NT-] Miillnnmah Slrofti 

Portland. Oi-ctron !)T2u8 

3260 (920) 

ô.r wrm 
Mr. Mike C a l e , 
Senior Environmental Coordinator 
GEO-Operator Corporation 
1330 North Dutton Avenue, Suite A 
Santa Rosa, California 95401 

Dear Mr. Cale: -

We received your letter with Geothennal Drilling Permit (GDP) applications for 
core holes N-2 and N-3 on your Newberry Flank. Unit on March 5, 1986. We appre­
ciate your early communication as well as the previous early notice 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 
drilling tiae. Issuance of the GDP for ccr^ hole N-2 will be subsequent to 
on-the-ground siting and completion of core hole N-3. To facilitate approval, 
we would appreciate notice as early ai possible on the 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 your contractor for the excellent cooperation, professionalism, 
and efforts to meet regulatory requirements for core hole N-l operations. In 
short, it was a job well done. We hope for continued work in that mutually 
beneficial spirit throughout future operations. Thank you for making the oper­
ation so trouble-free. 

Sincerely, 

P a c r i c x H. Geehan 
Oeputiy S t a t e D i r e c t o r 
fo r M i n e r a l R e s o u r c e s 

RECEIVED 
M A ^ 1 ••; 0707 
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^^;- •5W' ' -4^' i<isho Opsraiions Gfflca 
•0>.>Ji:i.l^;'^T>"' .550 &scorvd Strsssr 

^<^_£i'..V'- id4>^o F-jiis, idaho Sa4Q1 

.August 23, 1985 

Or, Chandler Swanberg 
StO Operator Corporation 
2300 CCHinty Center Drive, Ssiite 2S0 
Santa Rosa, CA 9540' 

SUBJECT: Hevberry H-l Corenole Plans Required by Cooperiitlye .A.greesent 

Csear Dr. Swanberg; 

The plans transmitted to DQE as required by the co<3p6rative agre^ipe.'^t are 
not forfiwt&-d nor d e f i n i t i v e as DOE an t i c i pa ted . There is nt> prob^^n wi th 
ths incorporat ion of the four spec i f ied plans w i th in a single docus?ent. 
Hoiie-i^er, a clear and concise sect ion fo r each of the plans should i>e 
presented explaining what w i l l be done and how I t w i l l be accoffipllshed wi th 
a schedule, i f spp)Hib)x. i Most of the necessary informat Ion for the plans 
are coritained in the submitteti i?«!tarials> but bet ter st ructure and de ta i l 
would be pre ferab le . The major i ty of the Issues addressed v i t h i n the 4.3. 
D r i l l i n g Section appear to be i n s t i t u t i o n a l and/or environi«ent3l. 

The major points of concern are l i s t e d below by Plsin: 

Mana-g^nt T l̂an - A l l that has been given are key personnel, Ho 
schedule mcnagejnent contro ls nor r espons ib i l i t y structure are given, A 
formal subfslttal of the inanag€?a«nt s t ruc tu re and controls as described 
in the GEO proposal and l e t t e r response fo r c l a r i f i c a t i o n s would be 
adequate* 

I n s t i t u t i o n a l Plan - Ths major issues appear t c be addressed 1n the 
4 ,2 , Penalt t ing and Environmental Reporting and 4 .3 . D r i l l i n g , F-atting 
TRit informat ion' together" i n one sectic-n wo'uld t-s acceptableT However, 
the issue not,addressed is tha t D0£ must meet i t s own environinental and 
ins t i tu t ionaV requireiRents Independent of those imposed by SLM or 
Forest Service. We have establ ished a HOU agreeiT^nt with both agencies 
to lessen as much dup l i ca t ion as possible for the environmental 
assessnent* But DOE 1s s t i l l responsible as an agency to docuitjent 
envirGnmental actions a«. the cognizant agency funding the p ro jec t . 
Therefore, we w i l l require copies of correspondence, etc* regsrdir^g SEO 
compliance to ths Special Lease St ipa la t lons and Plsn of Explorat ion, 

D r i l l i n g Plan - The plan submitted is a copy of the plan submitted to 
B I M and i s generic to a 4-well s i t u a t i o n . This w i l l be acceptable i f 
amended wi th de ta i l and changes spec i f i c to corehole N- I , such as 
completion with a knock-out plug on the bottois of the 2-3/4 ' tubing 
s t r i ng as stated )r) the cooperative agree«sent scope of work. Also a 
d r i l l i n g schedule should b€ submitted descr ib ing ant ic ipated svajor 
d r i l l i n g a c t i v i t i e s &ri6 estimated dura t ions. 



- 2 -

Data — .Col lec t ion Plan - This Is f a i r l y adequate. However, provisions 
and schedule data to DOE (UURI) are not covered. Nor has the schedule 
for data analysis and reports require' i under the coopsrative agreement 
been incorporated. A descr ip t ion for obtaining and handling artesian 
f l u i d san ies should be inc luded. 

In the in teres t of expedi t ing t h i s cooperative agreement, 0€€ wishes to 
see how the project proceeds, but more formal docu^nentation shall be 
required under the cooperative agreenrent, 

DOE ant ic ipates approval of the plans when above deliverables are 
received, DOE Approval of the Plans, shal l be required pr io r to any 
payiHents under the cooperative, agre^isent, 

yery t r t f l y yours . 

Suss^ M. Prestwich. 
Project Manager 
Advanced Technolo^^ D iv is i ion 
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Aogtist IS, 1§85 

Hr, Ronald A, King 
R̂ S D Contracts Division 
extracts ManagemsBt Division 
U, S\̂  Dept Basrgy . 
550 Second St r 
Idaho Falls, Idaho 83401 

KE-. • Solicitation f DE SC07-a5iDi2580 

Dear Ronj *. 

Pvirsuant to yotar communication of July 18» 1985, 
GEO Operator Corporation submits the attached data collactlbp' 
gâaiY for yotir review an<3i approval* The inf ormation is. sub­
mitted ia accordance with section 4.G (Technical Tasks) 
subsection 4.4 |Data Collection), Subsections 4,1 (Project 
Managen^nt) 4*2 C Permitting and SKvironfaental Reporting) and 
4*3 (Drilling) have besn transmitted to your office by 
Mike Caie datsd 8/7/85 and Federal Expressed frojn oar Band 
office on 8/14/85* Please l«t ms kBOW ASAP if you need 
additional documentation from us* 

Very truly your 

Mr* Chaodler A, Swanberg 

CAS/rs 
ccs M* C a l e , w / ^ n c l . 

J . Combs j •w/encl. 

• - • \ 

m m Sc«lh Uigbw^f n Srnis .4, Benii, m ^7181 (s68) 389.6681 

«?0B 'l>l .CMiWI 33091 £zm ^.^i/ss 
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•4.4 DA1?A COLLSCTIQH .#P 

Tfe® purpoBS of the Core Hoi® Prograsj ±s taa devslopmsnt of 
•' baseliaa geological and"''*'§febheBii(rfiit'*̂ t̂a to assist- in evaltiating 
the prasersoe of and recovery potential of a f^othemtal resource 
in a virtually uneKplored regiott. The following paragraphs des­
cribe, th^ types of data to be collectad and the taethodology, in-
clyding depths, timing/frsqtieney, ingtr̂ Bŝ 1̂tations * etc* 

Rock sampiing-cuttingst Th® first 400 fs@t of the hola %/ill be , 
rotary (Sxillsd* l>ariBg this psriod, roughly 4 lbs of cuttings 
will be collected at 10 £®et intervals, .ringed, logged, ilivided 
into two equal splits* bagged^labeled^ ar.d placed ii5 temporary • 
storage in Bend, OregoG* 

Rock sarapling-eor© J The remaiiider of the hole will be coetinu--
ously <30r<sd* The core will be handled according to accepted . -•-. 
ij5d\3Stry staadards. These standards g^e dsscribed in ths drilling . 
contract betwesD Tonto Drilling and GEO Operator Corporation dated:' 
8/14/8S and transmitted \md©r separate cover to DOE on 8/14/85* 
The core will be logged daily on sits with emphasis OB iitiology^ 
fractures, joints, faults, alterations, and other groes features, 
Subseq\3eritly, the core %?ill be split for more detailed- descrip­
tion of mineroiogy, tesrture, secondary mineraliaatioa, etc. . At.. 
this point I. ' small samples (up to 2 lbs) will be selected for 
Bjsrcury analysis, thiis section preparatioa, age dating, or othsr , 
use. Fisally, both splits of the core ?̂ ili be removed from the 
site for t6sn.i>orary storage in Bend, Oregon* 

Drillifig Recordss The driller vill keep accurate records of all 
ijiforxitatioii j>ertaining to the dr-illijig of the corehole inclv^iog,, 

. •""' 'but not limited to, driliing'r^#i^#.mud and other additives,- fluid,'-'"̂  
entries, lost circulation, drilling cosditioas SJid/or probleni^, .. 
hole depth, and possibly lithology. , 

femî rattjuce: Measureroeat of bottcm hole temperature will be . . 
takes every 100' or as followsi 

a) every 50* if temperatures exceed 123"P^ 
b). ©very 30* if temperatures exceed 17S*F. '' \ 

• ' "̂^̂  Hydraulic Headt The driller will stteiiipt to locate the, depth to 
p.^^ water during each trip iiito the hole. . • 

"̂  

Drilling Fluid Samples s A sample of core hole fluid will be taken 
following each trip .for a bit change or more ffisao^ently if warranted 

;̂  by geologic conditions. The eamples will be taken '̂ itb e Kuster^ 
cloclc-operatedj 1000 ml wireline sampler* Appropriate geocheraical 

•^c^'\ *fluid safapllng -kit" vill be available on site iftoltidiag sample 
^ ^ |,̂  bottles, cheaticals for stabilising uBstable gpecies, filteration 
^ I w^apparatus, etc* Artesiaa fluids will also be. saxapled if so 
^ * S-warranted by hole cosditions. 

-Î ll 

T ^ ' ^ ' O H / CHSI! .35291 i2.n\ !^/St>S3 
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Data Collection continued 
W'-'if+rfff.:: 

te« 

*-#^jaa# 

Geophysical wall loggings Temperature^caliper, resistivity, 
gamma^ aud self-potential logs will be run in the interval be-
t'ween the surface casing and total depths- Density and sonic 
velocity logs will also be run if tools are available which cas 
operate io ths conditions encountered ia the hole* The tempera­
ture tool will haire a precision of O.Ol'̂ C* The corshoie will be 
relogged until ©guilibriuRi has beeft obtained* 

^ ^ ^ ^ ^ ^ ^ ^ ^ ^ i ^ ^ 'a^m 
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Aygyst 7* 13S5 

RofiSld A. KtfiQ 
R a o Contracts Branch 
Contract* ^^nags^nt Dlvlsitni 

Ret Project ftenagsBSftt Pitn Qeo-N€wi5€rry 
C Solid tation #DE-SC0F-35I0125^ 

Deif Sir : • ' ., 

Pursusiit to yswr cofimjfilcstion of î uly IB^ I ^ , (^0 Operator Corporatlon-
sulMits the following Project Wanagea^t PJM fo?* yoor review ind spproval 
Tht following informtlon ts submitted, in accordance with Section 4.0 , ' 
(Technlcil Tisks): 

4.1 Pro,ig<̂ t Mana mmnt 

Ths following ^re tht approved locations for ths Newî rry ' 
- flank (SEO-Kewb̂ rry) cor^ .hpja pnj^rap;. • , • ' 

the Southeast 
Site N'l; East Ukf Quad: 
3500' West and 2450' >torth of ,., 
comer of Sectlofl 25, T22S» Ri2E. 
Site N-3', foiztall Butts Quad; 
4l00^Ncrth and 500' East of "ths $c«th¥^st 
corn«r of Section 24» T20S* R12E. 

0 Site N-4; East Lake Quad: 
1500' North and 2250' fcfest o. .. 
cornar of Section 35, T21$, RISE 

Ths Usses/Operitor for the project will bs: 

0 GEO Operator Corporation 
54S Middlefield Road Stilta 200 
Henlo f̂ ark, CA §4025 

Project Mantger 

0 Chandler Swanberg 
• 545 Middlefield Rd, Sufte ZQQ 
• Menlo Park. CA, 94025 

.(415) 321-5662 

ths Southwest 

23MO>imcv Cei^grDr., S^ie 250, "ssm. !ksa,,f;A, 95401 (707) 523-4272 
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.V. 
!>' 

RoRild A» King '"̂^ 
R S 0 Contracts Branch 
mm^t 7, ism . ' „,.̂,,.;: •• ^̂ „̂,̂ ,, 
P a g t 2 . , . ' • • 

Dr, Swanberg shall be the principal contact on any and al! questions pertain­
ing ts the operations of tht S^-?^wbefry Project. Unless othsrwise directed, 
all correspotwierice will 1:̂  initially transmitted to Or, Swsn^rg for rtv^e¥ 
and dispositloti, 

£nv1rona%ntit1 Affairs 

o Michael J* Cale 
2300 County Canter Drive 
Saota R0SS, CA 95401 
(707) 523^272 

Oology/drilling 

0 Or- Walter Randill 
2300 County Center Drive 
Santa Rosa, CA 95401 
(707) 523-4272 . _ - . . -• F 

Imd 

0 Peter Hanstn 
54S Midelsfield Rd. 
1%nlo Park. CA 54D2S 
(41S) 321-SS62 

Lega l • ' ' ' ' ' ' ' ' ' ' ' -'"''•'^• 

. 0 Toro Kam'flton 
545 Middlefield Rd. 
Menlo Park, CA 94025 
(415) 321-S662 

.4.2 Pen^lttlng^ and Environg^ntAl Reporting ' " ' • 

The-Geothertnal Rtsoyrces Operational Orders, issued uî der the teothermal 
Steam Act of XS70, states ". . . . the Lessee shall be responsible for the imwltoring 
of remily identifiable IccaTised impacts associated with specific activities 
that gre under the control of the Lessee,,.." (SRO Order 4. General •£nv1rorB?®ntal 
Protection Requiregjents), As the project is a federal anit the Oregon State-
Office of the Buresu of Land MenagsBent acted is lead agency for the project. 
The Prineville District Office, un^r the direction of ^rald £, f̂ gnusun* was 
resfwislble for prepsration of the £nv1ro?wsRta1 Assessi^afc. 

The following specif ie linpacts vmre. addressed in the Plan of Exploration 
(Attacf«!^nt I) as a potential consequencs of the project: 

0 Aesthetics • • . -. . •. 
0 Land Ijse I Reclii^tlon •,' ' 
Q Public Access & Recreational Opportunities , •' : 
0 Slope Stability « Erosion Control . 
0 8I0TA • . 
0 Cultufsl Resources 
0 Stibsidersce S Seismicity 
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0 Air Quslity 
0 P1t5 I Sus^s 
0 Water j a l i t y 
0 Molse 

On July 29* 19SS, the Prineville office of the SJ1 issued a Findlnj Of Mo 
$l5T>ificant Inysct (Afctac!^^t 2). In.accoHsnca with, trwi pursuant thereto, 
the^puty 'State Director for Mineral Resources» BÛ  Oregon State Office, 
issyed i Letter,of A}>provi1 (Attichitent 3) dated .July 31, 1$B5, 

-: Cofis)l§t1on of tha EnvlronB^ntal Assessaierit, and Issyance of the Letter of 
%prO¥3l and CoMltontI Drilling Permit (Attactn^nt 4) satisfied federal 
rec|u 7 reman ts for Envlroij^ntal Revise of the ^O-lfewljarry Project. In a^dltlofi, 
f^nclts to drill a gestharroal well v^re Issued by the State of Oregon, DepartsBent-
of feeology and Mineral Industries on July 8, 1$B5 (Attachfsent 5), 

The EnvlronsMntal Asses^^nt process assocUted with this proj^t has three 
major objectives which ultjiaately dictate a??. EavlrooBiental rtan^geinent. Plan: 

i. IdaRtifyiaf specific Impacts 
2, Magnitude of 1r$>ect 
3- Mitigation of iirpact 

As shown In the Plaiiof EKplorStiors (Attach?tent'l) GEO C^eratof Corpofattoh 
accof^Hshed objectives #1 S £* and sygpsted a direction for objective #3. 

. Ojr. proposal coupled mth t H SLM.isssssjnent, Including centfitlofis and 
stipalattofis attached the^eto, iSikes th^'l^i^ of proberlv addressing Instittit- '" 
Ional concerns a resiIstic expectation, therefore, GEOOC telltvts thst the 
criteria oytHned in Section 4.2, paragraphs A, B, arid C have hem satisfied. 

4.3 Drinin<i 

The pyfposs of the Core Hols Prb^rm Is the 4evalop!i^nt of baseline gsophysicsj . 
data to assist In evaluating tha presence of and recovery potential, of a -
geothermal resource In a virtually unexplored region. Existing surface and • 
subsurface characteristics syggsst that the Ms^erry Area s^uld have geothemal 
capability, . 

Access to the sitef will be via existing roads (AttacbiBiit $) requiring no 
surface disturbance^ Fugitive dust will be controlled as directed by the BLM, • 
Conditions of Amrtiva'̂  For Sep thermal. Drill in^^ Sarfsce Protection Requi rsti^nts' 
(5s C) (Attactefiant 7)", """" 

Site preparation will esnfora to the fe<:ju1r^snts specified In ths Plau of. 
Exploration, Land Use & Reclg/gatlon (Att^chg^nt i ) . Mitigation will include, 
all ^asures specified In tha Candt'lofis of Agprcval for Seothennal PriTlIng^ 
Surface Protection Re<|y1rei»nts (Attacl^fit T i r "" " ^ ""^ 

The-hole design \f111 confoyiji to the specifications outlined In tha.approfed 
drilling psmlts fron the BIM sivd Oregon Departajefit of Sseolcgy S Winfirsl 
Industries (Attactaen.ts 3 k 4)^ . 

file:///f111
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The d r i l l r i g w in be i truck inounted rotary r1g with a CP50 d r i l l (rotor .. 
(diesel), exhtiist driven turbo charged capable of d r i l l i ng 4,000' core 
holes. The r i f mVi be supplied by Tonto Of! I l ing Services, 2701 Kest 900 
South, Salt Lake Cfty* iitsh 84104, 

Well contra! w i l l be subject to the Conditions of Apftroval for ^otherfiml 
Dri l l ing^ CoudHions B through IB (Attacl^^nt 7). 

Dr i l l ing f luids w i l l b i regylated In accordance with the-Conditogs of Approval 
for ^otherfial Onl l i w , Ccndtlon 5; subparagraptis d and e (Attacr^nt / ; , 

hfela completion w i l l be accis^tishsd as sp tc i f i td in the addit ions of Approval 
for %othenMl QrilHng (Attacte^nt 7). 

Plugging and abanik>nro@nt shall be accomplished in accortianca with the Conditions 
of Approval For Geothennal D r i n i ng , Condition 18 (Attachment 7|. ' 

Sits restoration shall be. subject to the Conditions of Apprtsvgl For Sapthersml 
Dr i rHMf Condition 5-, subparagraphs a through e (Attaclmient 7 ) , and.tbe spec­
i f icat ions contained in the approved Plan of Exploration (Attach^nt I ) , 

5EO0C does not ant lc lpat i ai?y unusual probl ms iripedlng or preventing ceetpletion 
of tha core.holes. .,.uy 

Al l d r i n i ng and appurteMnt operations shall be conducted in such a fashlors 
thst Insures coinplictnce with a(l,T:pertinent, federal and stats health/safety 
standards. This w in Include, I fy t no^ j j l i m l t e d t o , adepite noise protsctfos, 
safety e^lisnent, t ra f f i c contro l , and regulated access on or m^r equlpf^ent, 

-EnvlronRtental considerat'fons w i l l ba closely monitared, and s t r i c t adherence/ . 
to the Canditlons of Approval f o r geothemal Dr in ing w i l l be mandatory to Insure 
coitipllance ¥1"th-the approved Plan of Exploration''" 

No site fac f l f t l ss are anticipated for th is phase of the project. 

The f i r s t core hole (N-l) Is proposed to be spudded togust 13, 19S5, and 
completion not to exceed 45 days thereafter. Snow f s l l w i l l preclude the 
d r i n i n g of the second core hole (M-3} unt i l June 1 , 1936 {approximste}.: .' 
If. this hola can be csm^pleted by ̂ gus t 15^ X9S6, ^m ^ould bs in a position to 
d r i n N-*! i f necessary. This schedule sat isf ies thg therms and conditions of 
ths ^ i i~ t i&^ i r ry Unitization Agre^^nt. . , -

The Dr i l l ing Supervisor w i l l bs assigned by Tonto Or i l l ing Services and w in be 
resportslble to the Project Hanagsr or bis designate, ^o log ls t l s ) associated 
with the dr in ing-opara t f&n> in be assigned by SEOlX '̂s Chief Seologlst {Or, 
Walter Randall)' with the concyrrancs of tha Project Haisapr. ,• • 

The QOE rsprasentstfve shall receive d r i l l i n g reports in a ttsiely fashion ' • 
regarding well status' and data recovery. Said r e ^ r t s w i l l be diss^lnated • 
by the Project Manager or his designate. 

The cofsi^nts contained berelR rsspoud to the specific questions contained undep/ 
Section 4,3 (Dril l ing];j>aragraph A, and should msat the OOE cr i ter ia for the 
Approved Project Dr i l l ing PXm. 

M u C - . b c • . • ' ' ' •- . 
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PLAN OFEXPLORATIOM' 

* 

.(GEO-fCWBERRY) 

DESCHynS C^UKTY, OREGON 

Tha foUo'feinf ars the proposed locatiori for the Newberry Fiank (GE0-f4ewberry) 
Cere Hole Pr^rams 

o (Hwj; Sast Lak® Quad 

3500' wmt and 2^50' north oi the southeast comer ol Section 25, T7ZS, Ri2E. 

o N-j? Psulina P e a k < ^ d . 

950'-^sst and 2sO0Siorth of the ^uiheast coiTBer oi S ^ . 32j T2IS, R12E. • 

o N-3? Fuzsjaii Sytte QtMd ' • , •• . 
..-».JHWW»«WIUil I l l l l l l l .) Ml IIHIIBI«JM.*1HIIJIHIL 

4100' rvorth aad 500! east sf-the southwest corn^ of Sac.-2%^ T20S, RiZE. •,' 

o N-4; East Lake Qyad. •' •. 
I l l I I i - l a ^ II .1 L .J I iin I . II- • I L 

' i f i ' r ' * * '• • .• '" • ' • ' - I ' l i j . r f • . • • . • • 

1500' north and 2250' west of tfts scwth^est cornar of S ^ . 35, T2iS, RI3E,-

.ons Tne isssWoperator f<^ the project T̂EU be; .. 

• o C-EO Operstor Cofpof^tior^ for G£0«Mswberry 
2300 Countv CeAt^ Onv®, ifZjQ . 
Santa Rosa,' CA 95^01 • . 
(707) 323.-^272 ' , .. 

Key psrsonrvel assigned to the [jcojset ar.ei ' • 

0 Chsn.dief 5W3î b«rg (Project Msamger) - •• 
i^3 Middiefiel4 Ros^i 
Menio Park. CA 9W23 
( iU) 321-5^3 • . .:. 

o .Midiaei Caie ( 5 ^ o r Envk onmentai Coordinator/Regulatory Liaison) 
2300 Co<inty Cemef .Drivg, #2J0 
Santa Res&, CH 9 5 ^ 1 ' : 
(707)523-4272 

Attac^ffiiSEtt ^ 1 . ' 



88/16^-85 11.-53 . . LSKE IDffCi •'•;^-%rr ''"''̂ -fCi. 812 m i 

0 Michael 3ohnson (Project G«olofiat) . • '.' 
2300 County Cgftter Driva, #250 
SiASs Rosa* CA f50* i 
(707) 323-4272 

l^ocation of a field office •?̂ iiJ ba pfovided whm^ estafciished, 

P?0|^et D^soripdc^ 

Tne core hole program is a l©w-*ksy c^eratli:^ utilised lo iteveiopLng baseline geo­
physical data» This mformation la a pr©iiminary $-t^ In evBiuating resoures recover/ 
potential 'm a virtuaily tsi#jcpIor8<l region that suggests the prss«:nce of geothermai 
capability. The project seiE consist of tl^foilowlngi 

0 Preparation el up to four (4) drilling locations and mud pits (total a?eai. 100' x 
iOO't P ^ site^ ' ' 

o Utilising s truck-moynted rotary, drill rig^ ^& core holes .'3?ili be driiied to a 
maximum d ^ t h oi 4.00C. 

o Log teraperstur^ and collect core sample*. 

0 Rif down, 

0 Condfw® ii^^inf.. - . •, • . 

o Abafidorui^ent, • • • _ 

0 The proiect should begin Rote-iater tt̂ ir\;>3ulv i, l9S5j and terminate Novemb^ 
i, 193^ (estijTiates)-. " ' • 

priilm^ Pro^-sm 

0 Pr tp^e drill location, 

o Rig-'j|i. • . . 

o Spud 5-5/$"' diam^tgf hole and driii to WD ,̂ 

o Record mud return t^mperstuf a and coUect core saropies. 

o Run *00'of 4-1/2" casing with cementing shoe. 

o Install cgrnentmg head and pressure cefpeot to fill aiwuius to sur^ce. 

• o Cut off casing appro^matsiy 2' below "ground isvel and instati B.O.P £ . Slange, -

Q Insmli 2* t'Ui-up line ana blowdown Una bsio-w flange. 

o testaU S , 0 ^ ^ . equipment, . • ' . 
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o Wait 2^ hpyrs lor cement to sat| lower one |oint oi driii pipe into holej clcĵ e 
preveotsf ar?d tftst to 300 psi . . 

o After coropietirrg succ^ssfyl B.O.?<,£. test, drill <mt shoe and contirnjo driUing 
with mud system to T*D* 

o Record teropefatur^ oi mud returns an4 coilect cor«s to T.D, 

o Whef̂  T4),ls reach^ circulate to clean out cuttings and condition hola-

o Kisn budi-^lugfed strinf of 2-3/*" tubtr«| to T.D. and flil -̂ vith water. 

o Sackflii annulus with Sure-G©i or eqmvaignt, 

o Remov® B.OJ'X, and wellhead- , . , ' 

o Insvaii locking cap on tubir^, 

o Rig-down and remove driM rig, stipport vehicles, and rnateriab from site, " 

o Backfill mud pite and ftsde to original contour* 

o Clsan area of df^ris and r^tora to (as .near) originsi conditii^. ... • 

o Run teraperatiK-e and gamma-ray logs at isast twice (i month mtervai) pfior to" 
final abandonment, Z.,,7; • ,,,,. 

• - • • . " " * 

Environmantgi . 
• r x ^ : . ^ •'•• >i^7.j7 : . . • ' • • . - • • : - -

Pursuant to the G@)thermal Resourcas Operational Orders, issued under the Ceo-
theiTnal Stearsi Act of i970> ths lessee .shall be responsible lor tha monitortng of readily 
Identifiabie locaiiAed Impacts as§<«iated with specific activitiss that ars under the 
control of tha ies2«s (GRO Order 4, General SnYironmentai Protecdon Rgquir.emsnts). 

• i - - .'• 

Specific impacts that may be associated «fi-tii this project^ ^ and mitigration 
mea^res proposed to reduce said Impacts to a. rtvel of insigniiicanca are ss follows 

o - Aesthetics • 

CompsTdbiilty .with the axisting vie-v 5hed is a peLtiary goal. The 3hert-tefm 
duration of each «K*iiiinf operation (30-45 days) co«pled -adth the low profile of 
a triEk-mounted rotary driii ri^ (30'* to top of mast) ^^aure that visual intru­
sion v̂ ili not be &gnLficant, • Additjonaily,'sitss hav^ been selected th&% ar® 
well .removed, from popuiatad areas and traditionai racraation centers In the 
Oaschutes/'Msvrtsarry region- . , 

o Land U se, and R^iamatJon 

Tha project ha^ b^nn. designed to reduce vegetation impacts to a minimu.m. 
, Accasj ?rUi ba yia ths existinf road network to tha pad location, • Tt^ pad area 

WiU r5t|uir? only clearing &n6 grading an area apprommst«ly 100' n 100*. l^^n 
the project terminated, the area will be graded to as near tk^ original contour, 
and revegatated with .^milar vagetation species as dlracted by SLM. Aquatic 
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habitat will not b^ impacted, and wmt^ wiU only "tw s&OJred ®s directed by the 
State Watsrmastar* At project ternitrmtionj ail debrisj scrap* or other /nater-
lais isn^rtsd by the operator shall b® removed. . 

The proiect pfop<^«d by GEO Operator Corporation meets ihm criteria for 
exploration snd devgioprnent of a managed raso^ce as deflwd by the Unitsd 
Statas Department oi th« Interior, Additionaliy, tha project Is coropatibia 
with the Di^chutas County Gsothtfmai Eiem^t as incorporated into ths 
0«*chutas County C<Knprahervslve Pian arrf Zoning Ordinanca. . 

o Public Aecess/Reffeatlonal Opportunitiff 

The short duration of each drilling operation, rrunlmal arrsourtt of swface area 
rasfuii^ and isokted location emura that pubttc access w'\U ba maintained^ 
and ^^ t recrescionai value ol the Desc^t«/?<«wt^cry area will .not b« 
adversely impacted* 

Q Slooa 5 tab 111 f//Erosion Cffl̂ troi ., 
* . • ' 

The project. Is so designed that m ^ mmdmum surface eOsturbancs, siof:̂  
stability couid not bg an i^u^ Mt^ pits are constnicted to a st^^dard-'ti^at 
alis^/istas ^ potential ol ^ita-sad^mant on -a. natts'a] sfe-amage course^ or 
deposition ol sediment/driiiing waste into a waterway. As previou^y. 
described? at project termirsation, tii« sites %'lii be regraded te as nsBx the 
orifirsai contour, and ravagetatsd with r^atrvs ^ecles as reqxiirad by BLM, 

0 • Biota • ^ . 

A core sfritiing project do^'"'hot have""1^^ potential (long^terfri) to Kfyerseiy 
impact tha associate Hora and/̂ a- faurm (terrestrial or aquatic). The drilling 
oper:sti,on: could temporarily incony-eniencs some species- particulariy avian 
raptors, causir^ a minor ait^ation In migration and/or huntinf habits, Histsr-
icsUvj these types of operations havg not pro4%K:m any notlcsabla adverse 
impact to biota, ; , • 

o Cul tural Rasourcss 

In tha ®vent 4 cyiturai or historic resoiirc® is located on or near any of the drill 
sitss- che locscicn wUI be shifted, under the direction of 0L«M, to preserve the 

. Lf!te|fity of the resource. As a core drilling program is designed to Incorporate 
ma.%imum jEie."dbUity, at the dtscretion oi th© parmltting agency, ay-oid^ics oi 
any araa of si^ificani value Is easily accomplished. 

o Subsidsncs and SaismicitY " 

Concerns rsgarding geothermal resourcs prot^jction would not be an .issue 
during a core driilli^ program* . " . 

o Air Quailtv " 

The project m proposed 4oss not have the potantiai to adverseiy irofsct 
ambient air quality* ' .^^ , 
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o Pits and Sumps 

During thg cor^ drilling operation, waste material (cuttings/drilling madium) 
mil be directed to a wast© sump fbr containmentr The sunips wiil be consmic-
tad and lined mth an imf«fvlous material to ©nsure the integrity of tha natva-ai 
environment, and eliminate the poteotiai of contamlrsanti «tterlr^ a dfalnage 
course ô  wat^way. At ths conclusion of the drilfing operatlorv the sumps will 
be purged as directed by the SLM prior to backiiliing. As part of site rastora-
tlon, "^e sumps/pads wUi ^ regraded to ss neax tha ofifinai contour and 
revegetatad pe? BLM raquiraments- ' 

o Water QuaUty 

Tne project, as d^iined, do«s r^t have t̂vs potential to degrade wat^ <|uslity. 

.Q N o i s e , •. ' • 

Ous to the isolated lcs;ations proposed and tha nat^irs oi the equipment 
invoivedj ^m project wiil itot impact "on any humsn receptors. ' Intxusicsi by 
humans in a remote area may have tha bility to disrupt soma mldiiia speci^t 
particulary aviafi raptors, which rely on a kssn ssnje of hearing to locate and 
sscure a lood source. Howe^/^, ti^a Lirmted scope of ths project adsquataly 
mitigates sl.gniilcans short-term^ and precludes "any long-tenB impact from 
pcxurring. 

It is the position of CEO Opsrator Corp oration, that the project^ as proposed, does 
not have ttse potential IM produce zny sipvificant long-term environineatai htipac"^ 
Litiii^ing SeSi Managftmenf Practices and qonditiors proposed by BL¥v, short-term 
effects will ba reduced to a leved of insi^iflcahci* • 
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^'bctTY Cjruiic-x., ln<% 

gust 15, 1985 

5lDi25S0 

Dear Ron; 

Pursuar̂ t to your communication of July 18, 1985, 
GEO Operator Corporation submits tbe attached data colleg±loii 
Plan for your review and approval. The information is sub­
mitted in accordance vith section 4,0 {Technical Tasks) 
subsection 4,4 (Data Collection). Subgections 4,1 (Project 
Managercent ) 4,2 (Permitting and Environmental Reporting) and 
4.3 (Drilling) have bean transiiiitted to your office by 
Mike Caie dated 3/7/85 and Federal Expressed from our Bend 
office on 3/14/85. Please let me know ASAP if you need 
additiorial documentation froin us. 

Very truly your 

1 
Hr* Chandler A. Swanberg 

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

J. Combs, w/encl. 

t \ m SoHlh Higlma). 9T, Sosie A, BCIMJ. <» 97?(JI (^0J) 3a9.6681 

. . r rxTi . i - i L i l">l-ft-«7 t D t - ^ IC j - l r^iTT cpi,'C^ryfs\ 
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4.4 DATA COLLECTION 

Th« purpose of the Core Hole Progran̂  is the development of 
baseline geological and geochemical data to assist in evaluating 
the presence of and recovery potential of a geothermal resourc© 
in a virtually unexplored region. The folloving paragraphs des­
cribe the types of data to be collected and the raethodoiogy, in­
cluding depths, t iraing/frequency, instriiroentations , etc. 

Rock sampling-cuttings J The first 400 feet of the hole will be 
rotary drilled. During this period, roughly 4 lbs of cuttings 
will be collected at 10 feet intervals, rin^d, logged, divided 
into two equal splits, bagged,labeled, and placed in temporary 
storage in 3end, Oregon. 

Rock sampling-cores The remainder of the hole vill be continu­
ously cored. The core will be handled according to accepted 
industry standards. These standards are described in the drilling 
contract between Tonto Drilling and GEO Operator Corporation dated 
8/14/85 and transmitted under sepaxate cover to DOE on 6/14/85, 
The core will be logged daily on site with emphasis on litiology. 
fractures, joints, faults, alterations, and other gross features. . j JL 
Subseq\3ently, the £prt^ w-n T hp. split for more detailed- descrip- '^TX 
tion of minerology, textxxre, secondary raineralisation, etc. At l̂ ^̂ 'F^ 
this point, small sa-mples (up to 2 lbs) will be selected for 

site for temporaary storage 

: , — — — I . . . . . . . . 

from 1236 / 

Drilling Recordsi The driller will keep accurate records of all 
information pertaining to th© dxilling of the corehole including, 
but not limited to, drilling rate, mud and other additives, fluid 
entries, lost circulation, drilling conditions and/or prob lera s, 
hole depth, and possibly lithology. 

Temperature: Measurement of bottom hole temperature will be 
taken every 100' or as followsi 

a) every 50' if temperatures exceed 125'F, 
b) every 30' if temperatures exceed 175'F. 

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

S^l:; 
Drilling Fluid Saxnplesr A sample of core hole fluid will be taken 
following each trip for a bit change or more ffissnuently if warranted 

^by geologic conditions. The samples will be taken with a Kuster, 
lock-operated, 1000 ml wireline sampler. Appropriate geochemical 

''C.î  '̂  "fluid sampling kit" will be available on site including sample 
"̂  ^ ̂  |,̂  bottles, chemicals for stabilizing unstable species, filteration 
"^ ^ J ̂ ^apparatus, etc. Artesian fluids will also be sampled if so i • . 
"̂^ ̂s> f S-warranted by hole conditions. — . f^MTld ^ Z ^ " ^ 

HI a> / ^ ^ 

rjc*>T%.\ i-^LjuirtT •3l-lr^^:: l̂-l i . r> . i r eoyOT^co 



Data Collection continued 

Geophysical well logging; Temperature,caliper, resistivity, 
gamma, a.nd self-potential logs will be run in the interval be­
tween the surface casing aod totai depth- D ensity and sonic 
velocity logs will also bs run if tools are available whioh can 
operate in the conditions encountered io the hole. The tempera­
ture tool will have a precision of O.Ol'C. The corehole will be 
relogged until equilibrium has "been obtained. 

m^s^ms^mimsmiemm^mmi&^mmmsis^ssssi^mamm^ssi 
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GEO Operator Corporatioa 

August 7, 1385 

Rona'Jd A. King 
R 4 D Contracts Branch 
Contracts Management Division 

Re: Projact ffetnaoement Plan Seo-Newb^rry 
(Soiicitatloil î D£-SC0F-85I0l258O 

Dear Sir: 

Pursuant to your ccmwunication of Ju7y IS, 1985, GEO Operator Corporation 
submits the following Project Moa^etnent P]an .for your review* and approval 
The following Information u subSmeS in accordance with Section 4-.0 
(Technical Tasks); 

4.1 Project Wanaqent&nt 
PROJECT LOCATION 

The following are the approved locations for the Newberry 
Flank (GEQ-Nevrf>erry) corg hole program: • ' 

0 Site N-l; East Lalce Quad; 
3500' Wast and 2450' North of the Southeast 
comer of Sectlos 25, T22S, RI2E. 

0 Site N-3; Fuzztail Butte Quad; 
4100' North and 500' East of the Southwest 
cornar of Section 24, T20S, R12E. 

0 Site N-4; East Lake Qu&d: 
1500' North and 2250' West of the Southwest 
comer of Section 35, T21S, R13E. 

The Lessee/Operator for the project will be: 
0 GEO Operator Corporation 

545 Middlefield Road Suite 200 
Menlo Park, CA 94025 

Project Manager 
0 Chandler Swanberg 

545 Middlefield Rd. Suite 200 
• Menlo Park, CA 94025 

.(415) 321-5662 

2300 G>iurtY Center Dr., $uit« 250, Sama Basa, CA 95401 (707) 523-4272 
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Pvonald A. King 
R S D Contracts Branch 
August 7, 1985 
Page 2 

Dr, Swanberg shall be the principal contact on any and sli questions pertain­
ing to the operations of the Geo-Hewfc-erry Project, Unless otherwise directed, 
all correspondence will be Ini t ial ly transinitted to Dr, Swanberg for review 
and disposition. 

Environmental Affairs 

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

(Oology/Dr i l l ing 

0 Or. Walter P>andall 
2300 County Center Drive 
Santa Rosa, CA 9S401. 
(707) 523-4272 

land 

Peter Hansen 
545 .Middlefield Rd. 
-Menlo Park, CA 94025 
(41S) 321-5662 

kail 
. 0 Toro Hamilton 

545 Middlefield Rd. 
Menlo Park, CA 94025 
(415) 321-5662 

4.2 Pen^itting and EnvirQamental Reporting 

The Geothemal Resources Operational Orders, issued under ths Geothermal 
Steam Act of 1970, states " the Lessee shall be responsible for the monitoring 
of readily identifiable localized inipacts associated with specific activities 
that are under the control of the Lessee " (GRO Order 4. General Envirorarsntal 
Protection Recjuiresents). As the project is a federal unit the Oregon State 
Office of the Bureau of Land ManagejTsnt acted as lead agency for tha project. 
The Prineville District Office, under the direction of Gerald £. Magnusun, ms 
responsible for preparation of the Environnental Asses^aent. 

The following specific impacts were.addressed in the Plan of Exploration 
(AttachJnent 1) as a potential consequence of the project: 

0 Esthet ics 
0 Land Vse & Reclamation 
0 Public Access i Recreational Opportunities 
0 Slope Stability li Erosion Control 
0 BIOTA 
0 Cultural Resources 
0 Subsidence & Seismicity 



Ronald A. King 
R i D Contracts Branch 
August 7, 13S5 
page 3 

0 Air Quality 
0 Pits & Sumps 
0 Water Quality 
0 Noise 

On July 29, 1985, the Prineville office of the BLM issued a Find ino. Of Ho 
Significant Impact (Attachjnent 2). In accordance with, and pursuant thereto, 
"the Deputy State Director for Mineral Resources, BLM Oregon Stats Offics, 
issued 8 Letter ..of Approval (Attach?nent 3) date<l Only 31, 1585. 

CofDpletion of the EnvironfiKinta] As^essinent, and issuance of the Letter of 
Approval and Condi tonal Drillirig Permit (Attachnient 4) satisfied federal 

The Environinental Assessment process associated with this project has three 
major objectives which ultimately dictate an Environinental Mana-geinent Plan: 

1, Identifying specific impacts 
2, Magnitude of irr^act 
3, Mitigation of Impact 

As shown in the Plan of Exploration (Attachntent I) GEO Operator Corporatton 
accofnplIshed objectives 11 S 2. and suggested a direction for objective #3. 
Ojr proposal coupled with the BLM assessment, including conditions and 
stipulations attached thefeto, makes the goal of properly addressing Institut­
ional co'ncerrts a real is t ic expectation. Therefore, GEOOC believes that the 
critaria outlined in Section 4.2, paragraphs A, B, and C have been satisfied. 

4.3 Drilling 

The purpose of the Core Hole Program is the devalopinent of baseline geophysical 
6&U to assist in evaluating tha presence of and recovery potential of a 
geothennal resource in a virtually unexplored region. Existing surface and 
subsurface characteristics suggest that the Nev^rry Area ^uId have gecthennal 
capability. 

Access to the sites will ba via existing roads (Attachsnent 6) requiring no 
surface disturbance. Fugitive dust will be controlled as directed by the BLM, 
Conditions of Approval For Gaot.hennal Drill ing. Surface Protection Requirements 
(S, C) (Attacrsnant 7). 

Site preparation will conform to the requireiaents specified in the Plan of 
Exploration, Land Use & Reclamation (Attachsjsnt 1). Mitigation will include 
all nieasures specified in the Cpiidtiops of Approval for Geothemal Drilling, 
Surface Protection Require!nents~(Attac>Baent l ) . 

The hole design will conform to the specifications outlined in ths approved 
drilling permits from the BLM and Oregon Department of Geology & Mineral 
Industries (Attachments 3 4 4 } . . 
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R&D Contracts Branch 
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The drill r1g wiU be a tnjck nwunted rotary rig with a CP50 6ri]] motor 
(diesel), exhaust driven turbo charged capable of drilling 4,000' core 
holes. Ths rig will be supplied fay Tonto Drilling Services, 2701 West 900 
South, Salt Lake Cfty, Utah S4i04. 

Well control will be subject to the Conditions of Approval for Seatnemal 
Orilling, Conditions 6 through 18 (AttacJvnent 7). 

Drilling fluids will be regulated In accordance with the Conditons, of Approval 
for Geothennal Orilling, Condtion 5; subparagraphs d and e"(Attachpent 7). 

Hole completion will be acconplished as specified in the Conditions of Approval 
for Seothermal Orilling (AttacNrient 7). 

Plugging and abandonment shall be accomplished in accordance with ths Conditions 
of Approval For Geothermal Drilling, Condition 18 (Attachment 7). 

Site restoration shall be subject to the Conditions of Approval For Seothermal 
Drilling, Condition 5; subparagraphs a through e (Attactevent 7), and the spec­
i f icat ions contained In the approved Plan of Exploration (Attachment I) . 

GEOOC does not anticipate a?iy unusual problems impeding or preventing cofnpletion 
of the core holes. 

All drilling and appurtenant operatlcHis shall be conducted in such a fashion 
that insures complicance with alT pertinent federal and state health/safety 
standards. This will include, but not be liraited to, adequate noise protection, 
safety equijsnent, traffic control, and regulated access on or naar equipment. 
EnvironR^ntal considerations will ba closely monitored, and s t r ic t adherence 
to the Conditions of Approval For Geothermal .Drilling will be mandatory to insare 
compliance with the approved Plan of Exploration. " 

Ho site faci l i t ies are anticipated for this phase of the project. 

The f irst core hole (N-x) is proposed to be spudded August 19, 1985, and 
conipletion not to exceed 45 days thereafter. Snow fall will preclude the 
drilling of ths second core hole (N-3) until June i , 1986 (approximate). 
If this hole can be completed fay August 15, i9S6, v^ would be in a position to 
dril l N-4 ^f necessary. This schedule satisfies the terms and conditions of 
the S£0-Newberry Unitization Agreenent. 

The Orilling Supervisor will be assigned by Tonto Orilling Services and will be 
responsible to the Project Manager or his designate. Geologist(s) associated 
with the drilling operation will be assigned by GEOOC's Chief Geologist (Or. 
Walter Randall) with th« concurrance of tha Project Manager. 

The OOE representative shall receive dri l l ing reports in a titaely fashion 
regarding v«ll status' and data recovery. Said reports will be disseoinated 
by th« Project Manager or his designate. 

The contwnts contained herein respond to the specific questions contained under 
Section 4.3 {Drining}; paragraph A, and should meet the OOE criteria for the 
Approved Project Drilling Plan. 

MJC:bc 
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J NEWBERRY FU^NK 

PLAN OF EXPL0RAT20N 

V^ . (GEO-tNEWBERRY) 
n i p ^ 
\X \ DESCHUTES COUNTY, OREGON 

PTOjgct Lccatiofi 

The foJJo'Ĵ ing axe the proposed locations for the Nevberr>- Fiank (GEO-Mewberry) 
Core Hole Prograrn: 

0 N-i; 5a5t Lake Quad 

3500' *-e5t and Ẑ t̂ O' north oi the southeast comer of Section 15, T22S, Ri2£. 

o N-̂ 2: Paulina Paak Q ĵad 

950' -vest and 2600' nortr> of the southeast corner of Sec. 32, T2IS, S.12E. 

o M-3; Fusztaii 5utt* Quad ' ' , 

'•i-lQQ' north and 500! east of t,he souxhv/est corner of Sec.-2^, T205, Ri2E. 

o H-^: Sags Lake Quad 

1500'' north and 2250' y/est of the southwest come.-- of Sec. 35, T215. R.I3E. 

Operations 

The les3ee/Qpera.tor for che project wiil bs: 

o GEO Operator Corpor^tiori for G£0-Ns*"berry 
230Q Countv Csi\z7:̂  Oriva, ('̂ 2J0 
Santa Rosace A :?5^0i 
(707) nZ-i-lTl 

Key p«rsonnei assigrie-i to the project are; 

0 Chandler Swanberg (Project Manager) 
5ti-i cMiddlefi«sid Road 
Merio Park, CA 94025 
(415) 321-5662 

o Michael Cale (Senior Environmental Coordmator/Regulatory Liaison) 
2300 County Canter Drive, #250 
Santa. Rosa, C \ 95401 
(707) 523-4272 

Attachment 



0 Michael Johnson (Project Geologist) 
2300 County Center Drive, e!25Q 
Santa Rosa,' CA 950^1 
(707) 523-^272 

Location of a field office will be provided when estabUshed. 

PToject Description 

The core hole prograrn is a low-key operation utilized in deveioping baselL-ie geo­
physical data. This Lnformatioo Is a preliminary step In evaluating reso«jrce recovery 
potentiai Li a virtually unexplored region that suggests the presence of geothermal 
capability. Tne project wiii corusist of Vr̂  following: 

o Preparation of up to four (4) drliilng locatior.s and n?,ud pits (total area: 100' x 
iOO't P^' site) 

o Utilizing a truckHTiounted rotary drill rig^ the core holes vrill be driiied to a 
maximum depth of 4000'. 

o Log temperatures and collect core Simples. 

0 Rig down. 

o Continue logging. 

o Abandonment. 

0 The project shouici begin not later than Juiv I, 19S5, and termirate Noveonber 
1,193^ (estimates). 

Drilling Program 

o . Prepare driii location, 

o Rig-'jp. 

o Spud 5-5/S" diameter hole and driii to *00'. 

o Record mud return temperature and collect core samples. 

o Run '̂ 00̂  of 4-1/2" casing with cementing shoe. 

o Install cementing head and pressure cement to fill annulus to surface. 

0 Cut off casing approximately 2' below ground level and instatl B.O.P£, flange. 

o Install 2" fiii-iip line and blowdown line below flange. 

o Install B , 0 ^ £ . eq«jipment. 

-2-



o Wait 2'i hours lor cement to setj lower one joint of drill pipe into hC'le; close 
preventer ar>d test to 300 p$L 

o After completing successful B.O.P.E. test, drill out sboe and continue drilling 
vyjth mud system to T.Oc 

o Record temperatures of mu-i retums and collect cores to T.D. 

0 Wbven T.D.is reachied circulate to clean out cuttings and condition hole. 

o Run tsull-plugged string of 2-3/^" tubing to T-O- and fill with water. 

o EadcflU annulus with Sure-Gel or equivalent-

o Remove 3.0i^£,. and weiL^ead. 

o Install locking cap on tubing, 

o Rig-down and remove driii rig, support vehicles, and materiais from iite. 

o SackftU mud pits and grade to original contour. 

o Cletn area oi" debris and restore to (as near) original condition. 

o Run temperature and gamma-ray logs at least twice (1 month Interval) prior to 
fin^ abandonment. 

* 
Environmental 

Pursuant to the Geothermai Resources Qp-erationai Orders, issued under the Geo- ' 
the.nrnai Steam Act of 1970, the leasee .shall be responsible for the monitoring of readily 
identifiable loca 112ed impacts associated with specific activities that ars under ^.e 
control of the lessee (GRO Order i . General Snvironmentai Protection Requirements). 

Specific Impacts that may be associated with this project, and mlrlgration 
measures proposed to reduce said Impacts to a level of insignifica.nca are as foiiow-s: 

o Aesthetics 

CompatibUlty with the existing vie^ shed is a primary goal. The short-term' 
duration of each driiiing operation (30-45 days) coupled with Che low profile of 
a truck-mounted rotary drill rlg_ (30'ii to top of maix) ensure thac visual intru­
sion will not be significant. Additionally, sites have been selected that are 
well .removed from populated areas and traditional recreation centers "ut tha 
Deschutes/Newberry region. 

o Land Use and RedLajnation 

The project has been designed to reduce vegetation Impacts to a minimum. 
Access will be via the existing road network to the pad location- • The ^<i area 
wiii reguire orxiy clearing and grading an area approximately 100' x 100'. When 
the project terrninatetl, che area wiil be graded to as near the original contour, 
and revegetated with smilar vegetation species as directed by 3LM. Aquatic 



/ 

habitat wiii not be Impacted, and water will only tje secured'as directsd by the 
State Watermaster. At project termlnatioft, all debris, scrap, or other mater­
ials imported by the operator sh.all be removed^ 

The project proposed by GEO Operator CorporatiGn meets the criteria for 
exploration and development of a managed resource as defined by the United 
Statss Department oi the Interior. Additionally, the project Is compatible 
with the Deschutes County Geothermai Element as Incorp-orated into the 
0e3chute:S County Comprehensive Plan and Zoning Ordinance, 

Public Access/R eer ea tional Opporttrdties 

Tes sho.-t duration of each drilling operation, minimal amc^nt of surface area 
required^ and Isolated location ensure that public access will be maintained, 
and chat recreational value of the Desd^utes/Newberry area will .not be 
adversely impacted. 

Slope Stabllirr'/Erosion Control 

Tha project Is 50 designed that with maximum surface disturbarKe, slope 
stability could not be an issue. Mud pits are constructed to a standard that 
alleviates the potential of ©tcroachnnent or. a natural drair>age course, or 
depositicn of sediment/driiling waste into a waterway. As previously 
described, at project termination, the sites will be regraded to as near the 
originai contour, and revegetated with native species as required by BUM. 

Biota . , ^ 

A core drilling project does not have the potential (long-term) to adversely 
impact the associated flora, and/or fauna (terrestriad or aquatic). The drilling 
operation- could tempocafUy Inconvenience some species, particularly avian 
raptors, causing 4 minor alteration in migration and/'oc hurrtiA| habits. Kistcr-
ically, these types of operations have not produced any noticeable adverse 
impact CO biota. 

Culture Resources 

in che event a cultural or historic resource is located on or near any of thŝ  drill 
sires, the location wiJi be shifted, under the direction of BLW, to preserve the 
Integrity of the resource. As a core drilling program is designed to' Incorporate 
ma.-umum flexibility, at the discretion of the permitting agency, avoidance of 
any area of significant value is easily accomplbhed. 

Subsidence and Seismicity ' 

Concerns regarding geothermai resource production would not be an issue 
during a coire drilling program. 

Air Quailtv 

The project as proposed does not have the potentiai to adversely impact 
ambient air quality. 



E o 

CW) a . 

• ^ fit l / l 

I 
rt 
I,. 
O 
•-» 
V) 

u-
i* C 
„ O 

o « 

u 

•3 
m c 
tJ *̂  
3 E 
« ro 
;2 <= 
rt> O 
> O 

o ""• 
« £ 

-if 

^ c -r' 

S o ^ 
13 "3 "o 

' ^ C 

' Jo 
:3 

^ 

• J 4J 

a 
E 

V ) 

^ 

'F. 

^ !« v . 
XI 0 

* J 

. c .S.-
*-• X> 

g-'.^ 
1^2 
Q -S 

._< 

> «i b 
•O t T nJ 
P c » 
^ es 

dt C O 
r-. t> CJ 

c 
•a 

< 4i 

§16 

22 
§?, 

•J '-' S 

^ - ^ ? ; 
^ C3'3 
>>•?; t r 

TS-Ss 

•S " S i 

a . y <\> 
in 

-tt-

*• •> 

1=} 

cr 

i l 

O 

Tif 

c 
«) 

i 

itji 
o 

o 

Ifi 

III 
• M 

a. 
*) <u 

u 
il 

J? 

• \ ; i 

• I 

e 

e 

111. 
•S P fe 
» . 1— <y 

<; Mr 
C 

O > , 

6 •? 

O 
La 
(X 

O O >> 

<'J _, fc 

'̂  c •-

•53:5 -a 

1 
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6E0-South 

Statement 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 extensiye 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: 

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

0 equilibrium temperature profiles, 

o uncontaminated fluid samples, 

o evidence for the existence and depth of potentially 

producible aquifers, 

o geophysical well logs, and 

o information on drilling conditions and problems in the 

Cascades environment. 



2.0 Scope 

The Participant, GEOOC, will drill a deep thermal gradient hole to a 

depth of 4000 feet located 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 ahd information gathered under 

this project to DOE. 

3.0 Applicable Documents 

Work performed by the Participant will be in compliance with all 

Federal, State, and local laws, rules and regulations, and agency 

orders and guidelines. 

4.0 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 management 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. 



B. 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. 

Deliverable: 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. 

B. 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. 

C. 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: 

0 Surface and subsurface conditions anticipated to be 

encountered during drilling, including configuration of 

the resource. 

o Site access. 

o Site preparation. 

o Hole design including hole size, casing size, 

cementing, etc. 

o Rig and equipment specifications. 

0 Well containment during and after drilling (including 

applicable regulatory requirements). 

o Drilling fluids and disposal method. 

o Hole completion. 



0 Plugging and abandonment. 

0 Site restoration. 

0 Anticipated hole problems, if any, and proposed 

solutions. 

0 Health, safety and environmental considerations. 

0 Site facilities, if any. 

o Drilling 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 drilling. 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. 



B. 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 in 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 logs 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 



0 

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 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 . 

4.7 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 in 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 

A. The Project Drilling Plan as required by Subtask 4.3.A. 

B. The Project Data Collection Plan as required by Subtask 4.4.A. 

C. The Project Management Plan as required by Subtask 4.I.A 

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

E. All data collected by the Participant under Task 4.4. 

F. Regulatory documentation and approved environmental document 

under Subtasks 4.2.B and 4.2.C. 

G. Completed hole completion schematic as required by Subtask 4.5.C. 

H. Approved plug and abandonment plan as required by Task 4.6. 

I. Project status and management reports as identified on DOE Form 

CR-537, Reporting Requirements Checklist. 
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(5) PART B - TECHNICAL APPROACH TO THE PROJECT 

STATP4ENT 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 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 
Cascades volcanic environment. 

2.0 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. 

3.0 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. 

4.0 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: 

• Surface and subsurface conditions anticipated to 
be encountered during drilling, including 
configuration of the resource. 
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• Site access. 

• Site preparation. 

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

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

• Drilling fluids and, disposal method. 

• Hole completion. 

• Plugging and abandonment. 

• Site restoration. 

• Rig and equipment specifications. 

• Well containment during and after drilling. 

• Site facilities, if any. 

• Health, safety and environmental considerations. 

• Drilling schedule including major activities and 
estimated duration. 

B. GEOOC will drill a deep thermal gradient hole in 
accordance with 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 identify 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 which GEOOC plans to collect each 
type of data. 

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

B. 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 
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unrestrained access, or (ii) according to,any other 
mutually agreeable plan that will avoid the 
unnecessary cost of splitting 4,000' of core; (2) 
GEOOC shall not run sonic or density logs unless 
(i) tools can be found that are corrosion 
resistant, rated for temperatures in excess of 
5d0°F, available 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: 

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

• 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 
frora the bottom 200 feet of the hole. 

• 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: 

• At the start of daily drilling, or whenever the 
drilling operation will allow, measurements of 
the hydraulic head. 

• Lost circulation amounts, times and depths. 

• In the case of artesian flow, GEOOC shall 
perform a flow test to obtain flow data and to 
collect representative sampleT oT Formation 
water for chemical analysis. TTt 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. 
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Geophysical Well Logging: 

• 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. 

4.3 Hole Completion and Maintenance 

GEOOC shall complete and maintain the hole and the site 
facilities 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. GEOOC 
may also collect data during this period at its own 
expense and on a non-interference basis. 

4.4 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 legal and 
financial responsibility solely of GEOOC. 

4.5 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. 

-22-



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. 

B. 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. 

C. 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 Environmental Evaluation Report 
in its Project Institutional Plan. 

D. If DOE determines that an Environmental Assessment 
is required, DOE will notify GEOOC in 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. The Project Drilling Plan as required by Subtask 4.I.A. 

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

C. The Project Management Plan as required by Subtask 
4.5.A. 

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

E. All data collected by GEOOC under Task 4.2. 

-23-



F. Reports, identified on the attached DOE Form CR-537, 
Reportirig 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 is 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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(5) PART B - TECHNICAL APPROACH TO THE PROJECT 

STATEMENT QF WORK - ATTACHMENTS 

A) 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 discussion 
of our proposed drilling operations. 

1) Surface and Subsurface Condition Anticipated. Surface 
location of the proposed drill site is topographically 
flat, 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 units 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'. 

2) Site Access. The drillsite for the proposed temperature 
gradient hole is located near the-northwest corner of 
iSection 24, Township 20 South, Range ;i2.. 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 before 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. 

3) 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 initial 
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) Hole Design. The proposed 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 lbs/ft). The casing will be cemented using 
Portland Type II cement. The lower 3,500' will be core-
drilled using"HQ" wireTine (3-7/8" diameter hole). 

5) 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. 

6) Drilling Fluids and Disposal Method. All geothermal 
drilling wastes will be contained in portable steel 
tanks with ultimate 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 Noise 
Standards. 

7) Hole Completion. 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 approxiomately 12 months after 
completion. 

8) 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. 

9) Site Restoration. The site will be cleared, the pits 
filled, and the site restored according to pervailing 
state and federal regulations. 

10) 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) 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 logging. 
Subsequent to logging, the well will be killed if 
necessary. 

12) 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. 

13) 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 during 
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 located a major 
distance from existing watershed. All wastes 
will be contained in on-site portable steel 
tanks which will be disposed of upon 
completion^ of drilling or when rainfall, if 
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Table 5.1 

Specifications 
G.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-single 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 

Size 
Spindle l.D. 
Feed Cylinders 
Cylinder Area 
Cylinder Area 
Feed Pump - Axial'Piston 
Total Lift - 1500 psi pump 

CHUCK 

Downstroke 
Upstroke 

Holding 
Releasing 
Opening or 
Control 
Torque at 
Torque at 
RPM - High 
RPM - Low 

DERRICK 

Type 

Closing 

chuck -
chuck -
Gear 
Gear 

Rated Hoisting Cap 
Pull Capacity 

Time 

high ge 
low gea 

acity 

10,000 feet 

130 HP Continuous, 2100 RPM 

Planetary 
17" 
7" 
205' 
2 speed plus infinite range 
52,825 lbs. 
110,000 lbs. 
0 to 430 FPM - 7.2 FPS 
0 to 120 FPM - 2.0 FPS 

Through HQC Rod 
3 9/16" 
2 - 5" I. 
29.39 IN 
39.27 IN 
29 GPM -
58,875# -

D. - 31" Feed 
- 180 IPM Nominal 
- 120 IPM Nominal 
p res su re compensated 

downpressure 
41,085# 

Positive Spring Pressure 
Hydraulic Pressure 
1 second 
3 way, shear seal valve 
750 ft/lbs maximum 
1925 ft/lbs maximum 
0 to 1250 
0 to 500 

Telescopic (90') 
110,000 lbs. 
60' 
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Table 5.1 (cont'd) 

CROWN BLOCK 

Rated Capacity 
Sheaves 

110,000 lbs 
2 X 24" 

WIRELINE HOIST 

4,000 lb. 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 
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FLOW UNE 

CHOKE UNE 
TO CHOKE r 

AND KIU.V 
I , 

KIU. UNE 

GEO OPERATOR CORP. 
SANTA nOSA. CALVORtMA 

CLASS III 

B.O,P.E. STACK 
FIGURE 1 

SCAL£ : NJL 
OWN. BY : JTF 

DATE : 4-18-86 

Figure 5.1 -- Wellhead assembling and blow out 
prevention equipment 
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KILL UNE 

( OPTIONAL ) 

r in. 
BUND RAMS 

V J 

CHOKE UNE 
TO CHOKE 
ANO KILL 
MANIFOLD 

1 ' / OPTIONAL )P-H 

GEO OPERATOR CORP. 
SANTA m S A . CAUPORMA 

CLASS III 

B.O.P.E. STACK 
RGURE 2 

SCALE: NJ^ 
OWN. BY : JTF 

OATE : 4-18-85 

Figure 5.2 - Welldhead assembling and blow out 
prevent ion equipment 
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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. 

(4) Water supply: water for construction and 
drilling will be purchased from a local 
landowner or obtained from a local water well 
and will be transported to the project site. 

(5) 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. 

(6) Subsidence and seismicity: historical records 
indicate that seismicity is not a major 
concern in this area. 

(7) Ecology: the low level of construction will 
result in very little, if any, habitat loss. 
The area shall be examined on a site specific 
basis during the Environmental Analysis and 
appropriate mitigation measures will be 
identified if necessary. 

(8) Socioeconomics: no degradation of recre­
ational activities is anticipated as a result 
of this project. Because a transient work 
crew will be utilized, impacts of community 
services will be negligible. 

(9) Heritage resources: the site is not located 
in an archaelogically sensitive area, however, 
if artifacts are discovered during grading 
activities a qualified archaeologist will be 
consulted and applicable mitigation measured 
implemented. 

(10) Visual: the site is located outside the 
caldera and the visual impacts, while minimal, 
will be of a temporary nature. 

(11) 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) Drilling Schedule. 

a) Prepare pad. 

b) Move in drilling rig, rig up. 

c) Pick up 5" tricone bit, drill 5" hole to 400'±, 
dependent upon lithology. 

d) Run and cement 4-1/2" casing to total depth. 

e) Install blowout preventer on 4-1/2" casing as in 
Figures 5.1 § 5.2. Test preventer and casing. 

f) Drill out 4-1/2" casing, core drill to total depth 
of 4,000'. 

g) Run open hole geophysical logs. 

h) Fill hole with shur-gel, run 2" water pipe from 
surface to total depth, fill pipe with fresh water. 

i) Run temperature gradient logs. 

Total estimated duration is 50 days. 

B) DATA COLLECTION 

1) 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 later 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 lithology 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 if cooling is necessary, a .45 
micron filter and into sample containers. 

TYGON 
TUBING 

^ ^ 

AS MtCnON 

CAPSUL£,r lLTsa 

5 GALLON PAIL 
1C2 * WATcH BATW 

STAINLESS 3TESL 
COOLING COIL 

OPTIONAL 
• CCOLJNG -

SYSTEM 

SAMPL5 
CONTAINER 

PERISTALTIC 
PUMP 

; METAL WRAPPED 
' ^ H O S S 

PUSHING TO 
GUICX CONMEC-

ROCX C A T C H E : 

1 / 2 * 0 R S / 4 ' 
STSSLPRC2E 
2 4 - 3 8 ' LONG 

SURPACS CASING 

'icurs 5.3a- Scheaat^c 
svs-tsm. 

diacram of oeristaitic ouins/fiitar 
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A back-up hand pump system (see Figure 
be on site for filtering bucket grab 
necessary. 

5.3b) will 
samples if 

'UM? 

Figure 5.3b- Schematic diagram of back-up hand pump system. 

The samples which will 
listed in Table 5.2. 
unpreserved fluid will 
of each sample set, in 
Duplicate sample sets 
possible. Each sample 

comprise one sample set are 
2,000 ral of filtered, 

be provided to DOE as part 
containers provided by DOE. 
will be collected whenever 
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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T a b l e 5 .2 - Sample S e t 

Sanple 
Size (ml) 

2000 

500 

250 

1000 

75-100 

2000 

50 

125 

1000 

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 

Preservative 

none 

concentrated 
sulfuric acid 
(H2SO4) 

zinc acetate 
(ZnOAc) 

concentrated 
nitric acid 
(HNO3) 

dilute 10:1 

none 

none 

none 

none 

Filtered 
(F) or 

Not Filtered 
(NF) 

F • 

F 

F 

F 

F 

F 

F 

F 

F 

San̂ sle 
Designation 

DOE 

NH, 
Anatec 

H2S 
Anatec 

cations 
Anatec 

Si02 
Anatec 

SO4, anions 
dissolved and 
undissolved 

Anatec 

CO2 
Anatec 

oxygen-18 
daiterium 

SMU 

tritium 
Mi ami 
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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 logging. 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, lithologic 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. 

2) Depths of Data. The depths at which the various data 
will be taken has been discussed in Section (5.B.l) 
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. 

3) 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 logs 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 log will be run from which a 
geothermal gradient will be derived. 

4) Method of Data Collection. The methods of data 
collection have been discussed in sections (5.B.l), 
(5.B.2), and (5.B.3). 

5) Additional Data. No additional tests are proposed at 
this time. 

6) Additional Core. Continuous logging is being proposed. 
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7) Sampling of Drilling and Formation Fluids. If possible, 
samples of formation fluid will be collected as 
described in Section (5.B.l) 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 
corehole we have proposed. 

C) 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. 

D) 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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Gcoll iermal Resources In len ia l iona l , Inc. 

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 evaluate 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 where the temperature rose from 

62 degrees Fahrenheit to 113 degrees Fahrenheit," he said. 

"The preliminary temperature at 4000 feet is I6l degrees 

Fahrenheit and the geothermal gradient between 3920 feet and 4000 

feet is 4.6 degrees Fahrenheit per hundred feet." 

According to Baldwin, the entire hole was cored and splits 

of the core, a full suite of geophysical logs, plus additional 

information, will be available for examination from University of 

Utah Research Institute, 391 Chipeta Way #A, Salt Lake City, Utah 

84108. (801) 524-3422. 

54.S Middlefield Ho;id, Suit.- 200. Menlo Park, CA 94025 (415) 326-5470 



'•iMi 
I; 

GEO 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. (415) 326-5470. 
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(Rev. 12-80) 
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UNITED STATES DEPARTMENT OF ENER9Y 

IDAHO OPERATIONS OFFICE 

USCn COUPLED CONnniVlArfteN DRILLING PROGRAM 

MEMO OF CONVERSATION 
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UNIVERSITY OF UTAH RESEARCH INSTITUTE 

UURI 
EARTH SCIENCE LABORATORY 

391 CHIPETA WAY, SUITE C 
SALT LAKE CITY, UTAH 84108-1295 

TELEPHONE 801-524-3422 

September 30, 1985 

MEMORANDUM 

TO: Susan Prestwich 

FROM: Bruce Sibbett 

SUBJECT: Site Visit to the GEO-Newberry Corehole N-l 

Drilling of the GEO-Newbery Corehole N-l 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 Gene Ciancanelli. The core 

log has a good format and reasonable 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 is 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. 

Jruce S. Sibbett 

BSS/jp 
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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 Resources International, Inc. (GEO) announced 

today that it has successfully completed an additional geothermal 

development well at its Power Plant Area ,A-l/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 generators 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. 

I 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 

deliverable from this part of the A-l/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 power 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 the A-l/A-2 

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-2 area and will continue to drill 

other wells as power plant construction progresses. 

Since 1982, GEO 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. In addition 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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