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'E?hrbpcsa’toxtempo:&rily ﬁbannon deep temperature gradxent core hole MZI-11lA by
removing the existing BOE and bolting a blind flange onto the casing head
flange. Access to the well bore can be achieved either by removing the blind
flange or opening a wing valve.

SIS oo

Well MZI-1lA is currently being cored. Because of problems in maintaining

' circulation, it is deemed advisable to temporarily abandon (suspend casing
operations and place the hole and location in a safe condition preparatory to
resuming coring operations in Spring 1987).

The hole is currently completed with 575 feet of 4-1/2 inch casing cemented to
surface and HQ (3-3/4 inch) hole drilled to 1354 feet.

‘ ;éﬁd barricades erecﬁed ~until the 51te is reopened in the
Spring of.1987, in accordance w1th direction of the surface manager, Winema
National Forest. S
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CALIFORMIA ENERGY COMPANY, INC.

 Datesr 11/13/86 This trunsetsaien 1 pages.
TO: Busan Prestwich | | Telecopier ¥os  (308) $36-0824
U. $, Deptartaent of Roargy, 10 Gonfirmation Barnige: 53_6-1503
TOr  Mike Wright S Telecspler Nos (801 S24-13433
Daiversity of Utah Rssearzah ‘ . Confirmstion Baethe 8524-3422
inssitute ‘ ‘ ' s
Trassmiteed By:___Sonja Rath Talecopier ¥os (707) 526-088¢ -

California Energy Co., Inc.

33231 Mandacine Avsnus, Suite 100
Santa Rosa, CR  $3401 :
(707} S28-1000

e o - -

_MAZAMA I CORE WOLE MII-ilx

BAZLY BEFORT
DATZ, v DAYS SIRCE $TUD:
TIMEs '
DEZPTH:

FOOTAGE DRILLED SINCE LAST REPORT:

PERCENT RECOVERY:

. COVMMENTS:  13/11/86 Bill Jensan of tha Chemult Forest Bervics wants more woaek
en sump 1id, for apandoumsnt for the winter.

JLPcgrid?

ce:  CTC, HHR, GV, RT, DM

TOTAL ESTIMATED COST TO DATSE:

By«




. Tq;

CALIFORNIA ENERGY COMFANY, INC.

| TELECOPY TEAMEMITTAL

pater  1/24/8%

TC: Susan Preatwich

U. 8. Deptaztoent of Ensrgy,

Mike Wright

Iinstituew

Trangmitted Bye
Cnlifn:nia Energy Co., Ing.

i

University of Utah Regeazan

/Z

This transmission ; pages.

Telecapisr Ko: (208} %26-081¢
Confirmation Sarniges 326-13503

Talecoplier Hoy ceai) 8243453
Confirmacion Bakht - $24-3431

Ttxccop:.zAacé $707T) szs-bsoa

3333 ¥Mandacine Avenue, Suits 100

 ganta Rosa, CA
(707) 3246-1000

PRy S SRy pe e epamepe e g aRD T P P e Y Y e . L L L T T VT Y Y Y Y P T P YN Y Tt )

95401

HAZAMA I CORE HOLE MzI-1l1a

DAILY RETORT.

BIRCE SFUDH

DATE: W/23/88 DAYS3

TIME:

DEBTH:

FROTAGE DRILLED SINCHE LAST REFORT:

PERCENT RECCVERE:

COMMENTS s 10/23,'55 Drilied hols fzom 1289' - 1334'. Had onme tamperature

: ; cheok * 1237'. Tempersture was 106°F.

13 hrs. drilling core partial to na :etum.
4 hra. handiing rods.
1 he, tesperatura chsgk,

JEP1kLeA2

TOTAL BETIMATED Q&I TO DATE:

By:___$92,581.08




CALIFORRIA RNHEGY COMPANY, IRC.

TELECOVY TRANSMITTAL
pﬂt.i ifvz4/86 B Teia transaiggicn 2 pEgEd .
TOs  Busan Prestwich , Telscopisy Bo: (308) 516-0%24
U. 8. Deptazrtment of Energy, ID Confirmatiocn Bernige: 32€&-1543
TO: Mike Wright ' Telecopler Bae  (801) %24-3453
Upiversity of Utah Resesrsh Confirsation Beth: 534-3422
Inatictute
Transmitted By: Sonia Rath Telecopier Ro: (707) 526-050¢

.Qalifornin gmm cq.. IBS.
3331 Mandooinoc Avenue, Suirs 100
Santn m‘v ChA 9,‘01

(707) %%s-1000

N W AR S G 0 O 4 YA O e ST DD S5 £ e — gy, WY WS WD W T T AR B Ak - -~ 'y A on_ig g LI F 9 P

MAZAMA I CORE HOLE MZI-1llA

DAILY REPORT

DATE: nayzzkss ' - DAYE SIHCE SPUD:
TIME

DRETH,

POOTAGE DRILLED SINGE zaéw REPORT:

PERCENT. RELOVERY ¢

COMMENTS:  MY/22/86 Drilled hols Ezom 1225' - 12597,
’ 7 hzs. 4zilling coze,
5 nzs. handling rods,

12 hra. fighting lost circulation while adding LCM to hola,

JLErkrs42

TOTAL ESTIMATED CRET TO BATE:

Byr_ gpp 533,90 _




CALIFCENIA ZNERGY CDMPKR*, IBC.

FY TRANSMITTAL

Date: 10/22/88 . This transmission 1 pages.

TO: Busan Prastwigh . | felegcpier Nus  (208) B526-08%4
U. B. Deptartment of Enexgy, ID Confirmation Rernigey 826-1%03

TOr Mike Wright Teletoplier Mo (801) %24-34%3
Udiversity of Utah Reagearch Ceonfirmation Beth: 524-3422
Inmtituts _

Tranemitted Bys__ Sonia Bath Telacopier Ho: (707) S§286-0804

California Enargy Co., Ina, '
3333 Mandzeine Avedus, Buite 1U0 -

SBanta Rosa, CA 95402

{707) $28-1Q00

----- Dk oo i R vk G Y S 0 0 W R D A S G A SR R S S Al ol e i e ey = W WY U WP - e Lt 7 2 ¥ J

 MAZAMA I CORE HOLE MZI-11A

DAILY REFORT

DATE: 10-28/8¢ DAYS SINRCE SFUD:
TIME:

DEF My

FOCTAGE DRILLED SINCE LASY REPORT.

PERCENT RECOVERY:

coMmpENTR. 10/22/86 63' to TD of 1225’ &R Of 7+00 a.m.
Temperaturs @ 1204' 110°F, Bit changs @ 1223'.
Curreatly & 1234' 11.00 a.m. 10/22/BS.

JLEPtaz 142

TOTAL EZBTIMATED COST TC DATE: 3g4,%00.00

By:__ Dave Wozrkman




CALIFORNIA BNERGY COWPARY, INC.

TELECODY TRANSMITTAL

Dates 10/21/86

Susan ¥roacwioh

0

TO: Miks Wpight
Utaivereity of Utah Raeganrch
Inntstuea

Transmitted By: ath

Teis trussmigsicn 1 DAgus.

Talecopler Bas  (308) $26-4%24

- Confirmation Berniows $3é=13503

Tealecoplier Nac {801) 322=1433
Confirmating Bathy 526~34232

Palecopier Nar (707) $26-03G4

Californis Esargy Co., inc.
3333 Mandoging Avesnue, Suite 100
Sanka Rosa, CA 9554401

{747) S26-1000C

MAZAMA I CORE HOLR MAI-11A
DAILY RY
DATE;: DAYE S1NCE SPUD:
PIME:
DE®TH:
FOCTAGE pﬂxLst BIRGR LAST BERORT:
PERCENT KEGOVERT:

iOin/Bﬁ Working etuck pips, drilled through bit.

COMMENTS
10/21/86 Drilled 13+ a= of late lagt night. Hew dgillar ob at
. shift change. Kew driller tzrying to remove lagt of bie.
pragaing up bole and lodged in sida. Catching oun stabilizas
apbave cora parrsl. Got bit out of way, rods epilnaiag free—— .
drilling ahead,  As of noon, driliing mt 11627, .
JLP AT 42
sgs  CTC, MHR, GV, RT,.D“

TOTAL ESTIMATED GOST TO DATR. $83,000

bt T a S~ ¥ . atmuimmm



CALIFOBRNIA ENERQY COMPAKY, ING..

Datse 10/26/8% ' - This trassmisszien | pages.

TO: Sugan Prastwioh Telegopiar Hos {308 928-9824
U. 8. Deptartment of Eneryy, Il Confirmation Bernice: 5246-1%83

T0: Mike Wright ~ Telecopier Bo:  {B01) 524=14%3
Univezsity of Utah Researgh Confirmation Bath: 53423432
Ingtitute

Trangmitted By:  Sonja Rath Telecopisr Ho: (707} 526-050%

Celifornia Energy Co., Inc.

- 3333 Mendecino Avanus, Suize 100
Sants Roga, TA 83441
(707} 83621000

HAZAMA I CORE HOLE MAI«lla

DAILY REPORT

PATR¢ DAYE SINCE SPUD.

TIHE:
HERTH
POOTAGE DRILLED SIHBCE LAST REPORT:

PERCERT RECOVREY

COMMENTE 10/17/8B6 8hut down by BLH for loat circulastion. Fought loat
cirguliation &ll day.

1D/18/8¢ Cizgulated down to bottom &nd began 4zilling § 0330 a.m.

Cut 2’ of ocre, Inner oora parrsl stuck in rods because of lost
cizeulation material. Tripped out €0 free fnner qora barral. Tiipped
back in, rmachad bottom @ 1000 hzs. Total time loes dus ta fighting
ieat siranlatien {8 61 hea. A¢ 2300 hrs., reported 50% returns, Had
crepartad tempararura of 144°F (BHT) € 1106'. At 12:00 a.m. B8tuck rods.
€ 11497,

16/19/86 8pent whola day trying to fzes rodd. PRsirigved innar core
barral using NQ rod &nd braught baok ocut. RoGe still BTugk thia a.m.
(ig/24/86).

TOTAL ESTIMATED COST TG DATE: §78,000.00 JLFrsri4l

By Daye Workman



CALIFORNIA RNRROY COMPANY, 1NC.

TELECURE TRANSMITIAL

Dates 16/17/86 This transmission 1 pages..
TC: Susax Prestwiel o - . Talecopiar Ko: (2ﬂ§)v52‘-052i
O: 8. Dmptartmasnt of Easrcgy, ID Confirmation Bernice: 516=1503
T0: - ‘Mike wright Telscopier Mar  (801) SEX-3453
“University of Utah Reasarch Coafirmation BSashs 81¢~3422
institute
Tranamitted By¢__Sopia Rarp Tslegopier Ra« (707) $26-080G4

Califesnia Enargy Ca., Ianc.

3333 Mandogino Avenus, Suite. 100
Santa Hosa, CA 95401

(707) S26-1000

Y el o B . B i -n En - -

MAZSAMA I COHR HOLE MBI-11A

DAILY REPORT

DATE: ‘ DAYS B1ECE SPUD:
TIME.

DEPTH:

FOOTAGE DRILLED SINCE LAST RRPORT:

FERCINT RECOVERY:

COMMENTS: 1Total 36 hza. mixing mud for lost circulation. HAEVe £EtUrnS NOW.

JLPtmr:42

TOTAL ESTIMATED €OST TO DATE, $77,000.00

By Dave Workman
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CALIPUEBNLA BENERGY COMPANY, IMC.

2;&!2&!! TRABSMITTAL

Bate: 10/15/86 : this transmiesion *  pages.

s Susan Prestwich Teleoopler oy  (208) 3286-0924
U. 5. Deptartment of :n-rgy, IDb Confirmation Barnige: 3526-1503

TO:r Mike Wright Telecopier Ho: (801} 534-34%3
Universicty cf viah Reasarch Confirmation Beth: 514-3432
Inetituta

Teansmicesd By Sonia Rath ' I Talecapieyr Kaos (707 5286~-0504

California Bnsrgy Co., Ing.

3333 Mandocinc Avenus, Suilte 100
Baptxs Roza, CA 55401

(707) 32s-1000

W I D S G WE TG O S T WD U U S G S W A D S A S S Y M S B M D Srer e OF NP A O N W G A e S O S A AN O S U G S O W Y S Y W .

MAEAMK I CORE HOLE MRI-~11h

DAILY REVORT

DATE: 10/18/86 DATS SIsCR SPUD:
HHBI 11!45 a.Ms
DEPTH! 10427

FOOTAOGE DRILLES SIHCE LASY REFORT:
PERCENT RECOVERY:

COMMENTS Lagt temparaturs taken & 1008* (BHT) &nd it was 110*F,

TOTAL ESTIMATER CO3T TO DATE: 870,000.00

By: Dave Wermgn
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CALIFOENIA ENEIRAY COMPARY, INC.

TELECOSY TRANSHITTAL

Dute: 10/14/86 This transnission 1 peges.
0. Busan PLadtwich .7 Talecoplexr Ros {208) 226-0%14
U. 8. Deptartmant of Energy, ID Cenfirmation Barnicas 35286-13D3
" MO: Mike Wright Telescpier No: {801) S524-34%3
Oniversity of Utah Ressaxgh Confiirmation Beth: 524-3422
Ingtitute
Tranamitted Eye 8onta Ratn Telecopler Bo: (707) 526-08304

California Eaergy Co., Ins.

3332 Mandocino Avenues, Suite 100
B8antn Rosa, A 95401

(707) S26~1000

- RS 88w adselv o - DS B D A A bl wnd acly e - A S . miy gy WS W W

MAZAMA I CORE HOLE M2I-11x

DAILY 8EPONT

DATE« | » DAYE SIRCEZ 8PUD:
TIME

DEDTHE:

¥OOTAUE DRILLED SIECE LAST EEPORT;

PERCERT RECIVERY:

COMMENTS: Correction: On I0/11/86 whigh was telesoplied on 10/13/686, mud temp.
was not 132°-~it was BHT that was 132°F unstabilized.

10/14/86. Currently dcilling @ 954'., last temperature was @ 890

T R

and was 98°*F unstabilized. Drilliog w/o cizculaticn. Lost cizculation

B 600’ - 8301,

JLFeRrsa

TOTAL E5TIMATED COST TQ DATE:

Bys




CALIFORNIA ENERGY COMPANY, INC.

AELECOPY TRANSHITTAL A
Bate: 10/13/8§ " This transmission 1 pages.
251 Susan Prestwich Talecopler Wos {408) 826~0%834
g, 8. baptaztment of Energy, 1B coufirmuticn Barnlos: 526«1303
TGOy Mike Wright Talecopier 8o (801) 824-34%3
University of Ugah Rezeaxch Confirmption Betht 824-3432
Ingtitute
Transmitted Byt___ Sppdia Rath Teleoopiar Hat (707) $26-0804
California Energy Cs., Inc.
3333 Mandocine Avanue, Suite 100
3anta Roea, CA 935402
{7107) 5261000
MAZAMA I CORE HDLE MDI-1lA
DAILY REPORT
DATE: DAYS SIRCE BFUD:
TIHR
PRETH ¢

POOTAGE DRILLED SIRCE LAST ESPORT:

PERCERT RECOVENY:

CowERTS,; 10/11/86 Drilliing ahead and @ 640' mud tempezratuze § 132°F.
10/12/86 ?rilzing,anead ¢ 856°,

10/13/86 @ 10:40 a.m. drilling & 870" and reseourring lost
cireulatieon.

JLFiBred2

TOTAL ESTIMATED COBT TO PATEr  g¢3 noD,00

By:__Dawp Warkman




CALIFOREIA BNERGY COMFANY, INC,

TELECORY TRABSMITTAL

Dater ip/10/86 This transmission 1 psages.
T™0: Suzan Fresatwich Telacopler HO: {208) %34-0824¢
U. 8. Dwpkacrtmdat of Energy, 1D Confirmation Barnigs:. B526-1303
T0:  mike Wright _ Telscopiar Bor  (801) 524-1453
University of Utanh Raseazch Confirmatlion Beths 524-3423
Institute ( .
Tranamitted Bye Sonia Rath Talacopier Bo: (707) S26-0504

California Easryy Co.. Ing.
- 3333 Nendooine Avsnoua, Suite 160
ganta Rosa, CA 935401

(707) S2&-100¢0

T T ey LT PR PR e PP S E R S L Y Py L R Y P Y - - -~ o - A eTay e W e o wr &y

MAZAMA I CORE HOLE MZI-1lA

DAILY REPORT

DATE: . DAYS BIRCE SPUD:
TIME:

DRITH

POOTAGE DRILLED FINCE LAST REPORT:

FERCERT RECOVERY+

COMMENTE: 10/9/86 Replaced tranamission motor assembly.
10,10/86 Stazied drilliing mbout midnight.
Drilied out cement on pottom, began goriny, -
14* cored by 2:00 p.m. T

JLFisr142
cct C&TC, HHR, 6V, RT
TOTAL BZTIHATED COST TO DATEs

By




CALIFORNIA ESNERGY COMPARY, INGC,

TELECOPY TRANSMITTAL

Dater  10/8/86 This cransnigsion 1 pages.
TO: Susen Prestwich Telaooplier No: {308) 526-0324
U. 8. Deptartmant of Energy, ID Confirmation Bernige: 324-1502
TOt - Mike Wright : Telscopier Mor  (801) 524-3433
Univarsisy of Utsh Resszzich Confirmation Beth: 524~3442
Instituts ‘ :
Transmittad By:  Sohja Rath Telecopiar Bas {707) 536-0%34

Californis Bnergy Co., Inc.

3333 Meadscing Avenus, Sulte 100
Santa Roma, CA 95401

{707) %26=1C00

AR LS DRER BB SR A LGN SEaBecCcEsm s nawsenS Tl e le S RS GE SO U SN Y NG P S .y -

MATAMA I CORE HOLE MII-11A

DAZLY REPORT

DATE: DAYS SIRCE SPUY, ' ‘
TINE: ' |
DEFTH:
POOTAGE DRILLEB‘SIﬂCB LAB?}RSPORQ:
PERCERT RECOVERI:
COMMENTS 10/7/86 Replaced valves in preparation for BOF test.
10/8/86 BCP's tested and held, WwWitnessed by Deanie Simentacchi

of BLM. Waiting for new transmgsioo Por rig and
ahould be drilling abhead on 107/9/86.,

JLEFiBr 42

gct  CIC, HNR, GY, RT

| TOTAL BSTIMATED COST T0 DATE:

- Hy:




CALYPORNRIA ENERGY COMPANY, INC. .

TO: Susan Prastwich

TELECOFY TEANSMITTAL

‘U, 8, Deptartmant of Enargy, ID

POt Mike Wright

University cf Utah Regearah

Institute

Transmitted By:

Bonie Rath

California Enargy Co., Ine.

This trensmission 1 peges.

Telecopier Mor  (208) 8260524
Confirmation Rarnicer 824-1543

Taleacoplar Hot {801) 3343482
Confirmation Bathy 834-3432

tTeiscopler Kot (707} 516-0504

3331 Mandacino Avenus, 3uite 104
2ant= Rogx, CA $5401

(707} 336-14Q0C

MAZAMA ] CORE HOLE MEI-11A

DAILY RERQET

DAYB BINCE BPUDS

FOOTAGE DRILLED SINCE LAST REPORT:

PRRCENT RECOVERY:

COMMENTS ¢
10/5/86

10/6/86

on bottom.

JLF:sx: 42

TOTAL ESTIMATED COET TO DATE¢

By Pave Workman

Hole sill did not held pressuze.
weg Bgaln prasent.

§50,000

10/4/86 Hole pressurs bled off slowly and aid not psss BOP test.
Deanis Davis and Dennis Simontacohi of ELM wers both prasant

Drilling out plug on hottom and satting new cement piug
Will possibly tun BOP test again tomozzow.

Deanis Simontmooni



CALIPORNIA ENERGY COMPANY, INC.

TELECOFY TEANGIITTAL
TO: Susan Frasatwiph Teleoopier Wos (208) BI&-0824
U. 8. Dsptartment of Ensrgy, ID Confirmation Bernice:r 356-1%03
TU: Miks Wright Talesopisr Bos (BO1) 524-3452
University of Utah Ressarch Confirmation Beth: 524-3422
Inatitute
TZansmitted By: Sonia Rath Telacopiar Rar (707} 32¢-D304
Caiifornia Energy Ca., Inso.
3333 Mandocino RAvsncs, Suire 100
Santa Rosa, CA 95401
{707} S26=-100Q
MAZAMA T CORE HOLE MZI-11A
DAILY REPORT
PATR: : DAYS SIKCE SFUD:
TIME:
DEPTH

FOOTAGE DRILLED SINCE LAST REFORT:
PERCEINT RECOVERY:

COMMERTS 5 i0/2 /66 Completed rigging up. Tried to taat BOP's carly aftarnoon.
Did not hold pressuze. Dennis Davis and Dennis Simcutacehi of
LM were DOth witnessen.

10/3/86 Butering into hole o put drill string dows. Push plug on botton
and put ancther camest plug on top of thakt. waie €411 it sete ur.
" and test BOP's on 10/4/B6, midday. BLM will again bs preament.

JLPwak 42

TOTAL ESTIMATED COST TG DATE: #45,000.00

By: Dsve Workman

€0t £oc. HHR. GV, ®T



CALIPORNIA BNERGY COMPANY, IEC.

TELZCORY TRANSMITTAL

Daces 10/1/86 This transmimsion 1 pages.
. TQs Busan Prasrwigh ’ Telegopiear Ko:  {(208) %26-0514
U. §. Deptartment of Energy, ID Confirmation Berplce: S5246-1%03
TOry Mike H;ight Telscopier Nor {801) 524-3482
University of Otah Begearch Confirmation Beths 324-3433
Igltitutl :
Transmitesd By Sonia Rath Telucopier Bo: (707) $536-0504

California Brnergy Co., Inc.

3333 Handocine Avenus, Suits 100
ganta Roaa, CA §8%40)

{707) %26~1000 '

MAZAMA I COKRE HOLE MEI-11A

DAILY REPORT

DATE: DAYS SINCE SPUDs

TIME.

DEFTH: A
POOTAGE DRILLED S8INCK LAST REPORT:

PERCENT RECOVERY.

CoMMENTEs BOP'3 instelled %/30/86, will be moving rig on today 10/1/86,

JLEPrar42

TOTAL ESTIMATED CDST TO DATE:

By

ams CTC. RHR. GV, R?



CALIFORRIA B¥ERGY COMPANY, INC.

TELECOPY TRANIMITTAL

Dates 9/30/86 This transmission 1 pages.

T0v Susano Prestwich Telscopler 8o+  (I08) 5I§-083¢
U. 8. Deptartrant of Enargy, 1D Confirmation Bernices 53¢-1503

TO: Mike Weight . ' Teledopier Not {801) %24~3433
Universixy of Utah Redeazah Confirmatios Beth: 524-3433
Instrituts

Txanzmittld Bys Sonis Rath Telesopier Bos (707) 526-050¢

Celifornia Basxzgy Co., Inc.

33313 Mgndooino Avanus, Suite 100
Sasta Rosa, CA 95401

{707) 526~-3000
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MAZAMA I CORE HOLE MTI-lIA

DARILY XEPORT
DATE: DAYS SINCE BFUDs
TIME:
DEPFTH:

POOTAGE DRILLED SINCE LABT REPORT:
PRRCENT RECOVERY:
CINBMENTS: $/29/86 complaeted cellar, walded on £langs, maved doghouws Oh 8ite

w/installed radie. ®TC sent wrong spool. Will bs correated hy noon
today $/30/86. : .

TOTAL ESTIMATED COST TO DATE: §35,000.00

By:__ Dave Worlkmaa




CALIFORNIA EHRERGY COMPANY, ING,

TELECOFY TBANSHMITTAL

Putes 9/23/8% - This tr&fgeideicon 1 pages.

T0¢ Busan PrLestwich Teletaopiar Ko (208) 526~-0524
U, 8, Daptartment of Energy. ID Confirmasion Barnices %24-1203

TOs Mike Wzight ' Talecopiar Boc {801) 534,3453
University of Utah Resesrch Confirmation Baths 52434232
Inntituts

Tranamitted Byt Epnig BALD Talscopler Hos (707) $26«0%504

Cailliforniz Brergy Co., Ing.

3333 Mpndocino Avenyas, Buita 100
Santa Rosa, CA 93401

(707) 3526-~100Q0
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MRZAMA I CORE HOLE WEI~-1la

DAILY REPORT
DATE: 9/29/86 DAYE SIRCE 5RUD:
TIdBEc
DERTH

FOOTAGE DRILLED SIHCE LAST RRPORT:
FPERCENT RECOVERY:

COMMENT S Dug out osllar and offloaded BOR‘s on $/28/86.
. Moving rig in and rigging up todsy and tomorraw, 9/29/85 aud 3/30/86,

JLF g4l i

ce: QTQ, HHR, GV, RT

TOTAL ESTIMATED CDST TO DATE.

By




CALIPORNIA ENERGY CONPASY, INC,

SEGECOPY IRAREMITTAL

Dutet §/23/86

™

TO:

Transmittedd By

DATEH:s

TINE:

Sunman Pzastviuﬁ
U. 8. Daptartment of Enargy, II

Hiks Wright
Univarsity of Dtah Keseazrch
Institute

Sonja Rath

California Enmszgy Co.,, Insc.

This trensmission 1 pages.

Telecopier Mot (208) 526«0534
Confirmation Barnicse: 526~1%6)

Talecopiar 8o:  (801) 534-3453
Confirmation Beth: 534-3422

Telecapier Hot (707) 326-0804

3333 Mandooino Avenue, Buiés 100

Santa Ross, CA 9%401
(707) 526-1000

MAZAMR 1 COBE HOLE MGI-1lA

DAILY REPORTY

9/23/86

DEFTH:

FOUTAGE DRILLED 818CE LAST REFORT:

PERCENT RECOVERY:

DAYE BINCE EPUD:

COMMEWTE: mamporarily suspendsd £ill mcre rig mvoea on as of 9/168/86.

RAPI&r 142

coe CTC, HHR, GV, RT

TOTAL ESTIMATED COST TO DATB:

Bys




- CALIPOBRIA ENERGY COMPANY, 18C.

TELECOPY fEANSEgQT&L

Dates g,18/88 o ‘ Thie tranemissics ; pages.

TOs Bugsn Prestwioh | o ‘ Teleoopier Wos  (208) Ba8-083¢
U, 3, Dgptarcment of Bnergy, I Canfirmatioa_ieznicob 826-134G3
TO: Mike Weight | - Telecopler No: (801} 524-3453
© Universaity of Utah Resaadsch Confirymation Bathi $24-3422
Institute '
Transmitted By:_jonis Rath Telscopier No: (707) 526-D504

Caiifernis Enargy Co., Ina.

3323 Mendooing Avenus, Sults 180
Bapta Roga, CA 95401

(707 336=10QQ
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MAZAMA I CORE HOLB H2I-11A

DAILY EBPOE;
DATE: 5/18/86 - DRAYS BIRGCE SPUDs. &
TIME:
. DERPTH:

FOOTAGE DRILLED SINCE LAST REPORT: o : A
PERCENT RECOVERY:

~

COMMERTR 1 Bagk filled w/l8 feet cement. Put in from surfmse.
Witnessed by Dennis Simontaccnd.

 JLFiszid2

TOTAL ESTIMATED COSBT TO DATE:

By




CALIFOUNIA ZNERGY COMPANY, INC.

“

TRLECORY TRANSMETTAL

Date:r 3/19/86 TRis transmismsion ] pages.

TOs Buman Prestwisoh ' . Talecopisr Ko {208) %38208524
U. 8, Deptariment of Boergy, ID Confirmation Bernice: 31&-1343

TO: Mike Wright Telecopiezr So:  (801) 324-3453
Univearaity of ltah Ragsarah Confirmaticon Ssrh $34-3433
Inscituta

Trangmitted By: Eonis Rath Teslecopier Ros (707) 326-0504

California Bpergy Co., Ing.

3333 Mendocino Avenue, Suits 100
BEanta Reosa, CA 95401

{707} %26-1000
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MAZAMA I CORE HOLE MZI-1lA

REEO
DATE: §/17/86 (Revised) DAYS BIACE SPUD: 5
TIME«
DEPTH:

~ POOTAGEZ DHILLED SINCE LAST REPORT:
PERCENT RECOVERY(

COMMENTS8:  Rig up and run 18 3t8. 575', 4-1/2° 11.6¢ KBO, B Rd. LT & ©

‘ casing. Landed @ 575! and circulete with mud, Cemeat with
Halliburton 3 bbla. H,D aheagd of 275 ¢u. £t. Class G Cement w/l:l
Ferlies, 3% Gel, Displaced top plug to 545' w/B.4 bbla H,0.
Plug in pleove 3:00 p.m. 9/17/86. Good cement raturns. Approximataly
109 au, ft. Witnessed by Steve Henderzon and Denniz Simontacend
ef BLM,

RAT:B8x:42

TOTAL ERTIMATED COST TO DATE.

Bys




CALIPORNIA ENERGY COMPANY, INC.

LELBGOFY TRANSMITTAL

Date: .- 9/18/86 (REVISED)-9/17/8¢ This transmiesion | pages.
TOt Sudsn Prestwich Telecopier fics {208]) 526=0%24
U. 8. Deptartment of Ensrgy, ID Confizmation Bernicer 526«1%503
s  Mika Wright Telecopisr Bos - {801) $24-34%2
Univerelty of Utah Ressazch Confirmation Beths 524-3422
~ Iastitute
Transmitted By:__ _sopds Rath Telegopler Roe (707) 526-0504

California Enargy Co., InG,

3333 Mandooine Avenus, Suite 100
gants Ross, CA §5401

{707) B1€=100Q

—————————————— o - o o o o Ay Y ot

HASAMA I CORE HOLE MZI-llA

DAILY BOAT
DATE: 9/17/86 REVISED! DAYS SINCE 3PURc S
TINE,
pPEPTH:

POOTAGE DRILLED SINCE LAST REFPORT:

PERCENT RECOVERY:
| COMMBHTS:  Ran 18 jts. casing to 376 11.6§ 4-1/2" LIC N-80 landad ¢ 578,

Cemented w/275 £t.3 Claes G 1:1 Periite and 3% Gel, good cetuzas,
over 100 ft.3, finishad 3:00 p.m.

TOTAL ESTIMATED LOST TO DATE

Bys




CALIPORNIA ENERGY COMFANY, IWG,

TRLECORPY THANGMITTAL

Detac¢ 3/17/86 ' . This trunsmissica 1 pages.

TO: Susan Prastwich Telegopiar Hor  (208) 316-032¢
Y, %. Deaptartment of Energy, ID confirmatien Barpicer $26-1302

TOt Mike Wright ' ‘ Talecopier HNO (801) 324-343%
Univeraity of Otah RBegearch . Confirmation Bath: $24-34212
Institute ‘

Transmitted By:___Sonja Rath Telacopier Ro: (707) 526-0504

California Bosryy Co., Inc.

3333 Mendocino Avenue, Suits 100
Ssuta Resa, CA 95401

{7907} 5261000

MAZAMA I CORE HOLZ M2I-13A

BAILY REFORT

DATE: 9/17/86 ‘ : DAYB GINCE BPUD: 5

TINE: |

DRFTH:

FOOTAGR DRILLED SISNCE LAST REPORT:

PERCENT RECOVERS: | g

COMMBNTS: Ran 4-1/2° surface casing cemented v/Halliburion w/lod% eRCSan.
Fuil returns.

Daily reposrts suapended until arrival of core rigL

TOTAL ESTIMATED CORT? TOQ DATE:

Byx




CALIPORNIA EHERGY COMPANY, IBC. S
- ZELECOFY TRARIVITIAL
-Dater §/15/5§ - ¢ - This trrgnémiseion 1 gagss.
70: BSussn Frestwish Talodopier Hox {308} 836-8834
. . 8. Deptacimant of Easray, 1D fenfirmation Barnisss 338-1303
i . EQr Hike Yrighs : Teiecopisr For .. {(HGL1} 534-3483 o
o o University of Utah Resaazsh © Cenfigmation Bathi 823-3422 i
- Institute
Transmitiad By: Senia Bath Teleoopiar Hoe  (707) 526-0504
Califoraia Energy Co., Ing.
3333 Haudosino Avsaue, Bults 140
Bentes Rosz, CA 95401
{707} %2€=-1G00
! . B
, HAZAMR I CORE HOLE HZI-113
/
DAILY RESQORY
DATE; 9/36/88 DAYS SIHCE SPUD: 4
TIM& .
LEPTH: 354!

FOOTAGE DRILLED BIRCE LAST REPORT: o Cfpﬁ
PEROENT RECOVERY:

COMMENTE: Drill 7-7/8° hols to 88C7. Conditioning hole preaparatory to
zunning 4-1/2° surZacs osSBing.

- PBegZ 42

to+ CTC, HHR, GV, BT

TOTaL BATIMATED COST TC DATE:

Bysr
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January 7, 1987

Mrs. Elizabeth M. Bowhan
Chairman’ I
Source Evaluation Board
Department of Ehergy
Idaho Operations Office
785 DOE Place

Idaho Falls, Idaho 83402

Dear Elizabeth:

As per our earlier telephone conversations, it became necessary to suspend
operatlons on ocur cost shared Mazama Deep Temperature Core Hole MZI- 11A located
.in Klamath County Oregon. This action was necessitated by drllllng conditions
which precluded the Company from complying with stipulations mandated under our
drilling permits. A more detailed explanation of the technical situation is
contained within the attached. relevant correspondence between California Energy
Company and the Bureau of Land Management.

We intend to resume work on MZI-11lA in the summer of 1987 and request your
concurrence with that as well as already accomplished actions.

In view of the fact that California Energy Company has spent a substantial
amount' of funds in addition to those submitted to DOE for cost share at
‘milestone one and because we have.not yvet reached milestone two because of
factors beyond our control (1500 feet depth) and-will be unable to proceed to
reach that milestone until the summer field season, we respectfully reguest that
California Energy Company, Inc. will be permitted to submit to DOE all well
costs incurred to date that were not submitted under milestone one.

In regardsa secord matter, you may be aware that ‘we have already drilled
hole and cemented approximately 450 feet of surface casing for our MZII-1 Deep"
.Temperature Core Hole located within the Klamath graben and ‘immediately
adjacent to Mt. Mazama. As we discussed earlier, we would be interested in cost
sharing the remainder of that operatlon (i.e., core to #4000 feet) with DOE if
you are so interested.

uVery truly yours,

£77)

James L. Moore
Senior.Vice President

.Exploratién
JLM:sr:42
Encs.
cc:‘mSUSEpvg£¢§;Qich1¢
S S . N ‘ 8 N O N T
NDOCING AVENUE SANTA ROSA. C& 95104 (707)525-1000 TEiZv i 540-744.2
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12, 1986

Mz. Bob Fujimoto )
Division of Mineral Resources
Oregon State Office

Bureau of Land Management.
825 N.E. Multnomah St.

_qutland, OR 97201

Re: Sundry Notice Request for Modification of Drilling Stipulations

Dear Bob:

California Energy Company, Inc. (CECI) submits the attached Sundry Notice for

BLM approval and requests the following chahges be incorporated into our Mazama

‘I and Mazama II exploration permits:

1) ‘Maximum éllowed'hole depths be extended from 4000 feet to 5500 feet.

2)‘ Drilling (cdring) be'alloyed without £luid returns (circulation).

to surface.

We feel these changes are necessary in order for us.:to proceed with a prudent
and scientifically valid exploration and data recovery program. The following

discussion exp;ains'ou: req@est in further detail.

“Background

The following quotation is taken from California Energv Companv: Geothermal .

‘Exploration’ Briefing Paper attached to modified Plan of Explcration dated

Februafy 21, 1985.

' b R -~ -~ N -~ - s
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Drilling Concerns

he potential for water flowing within a hole between aguifers with
fferent pressure heads; and the potential for a blowout (uncontrolled
emissions of fluids-and/or gases from a.well). :
There are .no guarantees that either event would not occur; however,
standard design features that would be incorporated into any drilling
permit minimizes the potential for either of these two occurrences. In
addition, it would be prudent to incorporate the mitigation measure
regarding intermingling of ground water (see discussion in the
environmental uncertainties section above) as contained in the letter
from the Director, USGS, to the State Director, even though this measure
is a standard design feature. Reiteration of the USGS mitigation measure
would: acknowledge the consultation and cooperation of the USGS; notify
those parties concerned about the hvdrology of Crater Lake that the BLM
has treated those concerns with high regard; and single out this standard
design feature as being more important than some other standard design
features. ’ : ' :
CECI believes the stated concerns of preserving-ground and surface water
quality, as contained within the modified POE and its attendant EA is of
critical concern to all parties. Howeﬁer,ACECI'believes“that the GRO's more
than amply address drilling/coring/abandonment procedures which_adequately
achieve those objectives. We are_not aware of any exploratory core holes within

the Cascades which have even remotely presented any substantive pollution threat

to either ground or surface waters.

In the MZA»I—llA core hole,.4<l/2 inch surf%ce casing was run_;o‘approximately
550 feet and‘ce@ehted'bé;k to surface. The shoe of this surface casing was se£
well below the contact between the Mazama ash ‘and the unde?lying fractured
crystallic basement. In tﬁe process of coring out f;oﬁ beneé;h the 4-1/2 inch
i§urface casigg[ circulétion was lost within the first 100 feétJ(drilled dépth of
650 feet). 'Thé sténdard.definition of loss of circulation i% ihat drilling
£luids do né; reﬁg:n back to the surface through ghe annulus. Under typical

coring operating conditions, the drilling fluids instead of returning to the



surface flow into the formation because the hydrostaticAheadrof the annular
column of drilling fluid exerts a greater pressure on the formation then it is

able to contain. In the Mazama I-1l13 hole, the process of pumping drilling

twélve gailons per minute resulged in the eétablfshment of a "false fluid level“
at aﬁproximately.GOO ﬁeeﬁ. it»was at that levél where the hydrostatic head of
the dri;ling fluid column exceeded the conﬁainment ability of the formation. At
that approximaté depth,'the fluid level rema;ned essentially static regardless
of whether:fluid waé being pumred. into thé hole at the normal circulation rate
of ten to twelve galions‘per minute or ;efﬁ to étand without pﬁmping. The
:d;illing records show there is ﬂo indication of formation'flgid ente%ing the
hole énd hence‘we haye not.yét.epcountered anyvwater-bearing.po;tion of an
aquifg; system. Our evaluation'of fhe fecgvered core'shows ne evidence phat3

distinct horizontal or subhorizontal lithological or structural features ( i.e.,

inter flow boundaries or the like) -are present in the immediate area.

It is our consideféd oéinion that.the:g are ho:sgbstantiVe.techniéal réasons to
;gquire:cirCulatiqn of drillingvﬁluids aéua-condition-preéedent'tq contiﬁued
cofiﬁg Qpération at.Mazéma. In fact one of the prima:y reasons we eleqted'the
;inng proéeSs as a means of gatﬁeriﬁg'subsurface data in the Cascades is that
we exée;ted'to loséicirculation iﬁ»fhe fractured c:ystélline rocks postuiatédAtp
be,qund fhefe} Co;ing Qas‘selec;ed over drilling because evég-with_a éohtinued
vloss of driil flu;ds during ghe coriné proéess kwhich is é standard operating
condiﬁion fé:-coring operations) less drillin§ fluid wouldAbe int:oduce¢'intq
tﬁe formationiby thé total qoring process than could be lost in a singlé los£
circulation ep;sode_utilizingvco%tainment cementingrwhich‘is.a standard

procedure with a conventional drilling rig.



We are awaﬁe of the political sensitivity to any geothermal operations proximate
tq thé Park beoundary. Hcpeiully, such poli:ié&l pfoblems'cén be answeﬁed
through a reasonable technical analysis of the potential aquifer svstems ana
Qhat constitutes a "real” potential pollution threat to theﬁ.' Since no
substantive dataAhave‘yet been collected aefining parameters of potehtial
aquifer systeﬁs,‘CEéI recommends that until data has been collected establish;pg
existence of any aduife: systems and some kquledge-ﬁas been gained regarding
"the subsurface geometry,'CECI be allowed to continue to gather subsurfaée data
through coring. We Se;ieve th;t-the CZCI coring program wiil be of'infinite
value to the scientific community as it seeks to further under;tand the geology

of the Cascades in general and Mazama in paiticular.

If it is'neéessary to establish a geological/hydrological technical review team
to evaluate this matter, we requested the oéportunity to provide at least'one
outside expert member for that group.  Please contact me if you have any

comments concerning this request and its attendant issues.

Very truly. yours,

James L. Moore
Senior Vice President Exploration

‘JLM:sr:42

Encs. o . .

cc: Steve Hendefson, BLM Portland
Dennis Simontacchi, BLM Lakeview

‘Art Dufault, Winema NF.
Marv Stump, Winema, NF

Dennis Olmstead, DOGAMI .

Susan Prestwich, DOE



Gegcthermal Drilling

No. CR 920-33-WN-001
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a) Change pe*mlt ed total deoth from. 4000' to 5500+

b) Modify stipulations of Geothermal Drilling Permit to allow temperature
gradient core hole drilling to proceed without fluid returns (circulation), as
is standard safe and prudent procedure for coring operations.

Core hole MZI-1lA is cur eﬁtly comoleted with 575 feet of 4- 1/2' casing cemented
"back tc sirface and HQ (3-3/4") open hole to 1354 feet There have been
indications of no groundwater produced into the hole- and an artificial fluid

level of approximately 600 feet has been establlsned through use of circulating
pumps.

We reguest these'modifications_be made applicable to all deep temperature gradient
core holes defined within CECI's Mazama I and Mazama 1I exploration permits.
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December 16, 1986

Mr. Robert Fujimoto

Division of Mineral Resources
U.S. Dept. of the Interior
Bureau of Land Management

825 N.E. Multnomah St.

P.O. Box 29635

Portland, OR 97232

Dear Bob:

The rather long winded explanation that accompanied my written request of
12 November 1986 to allow us to continue coring operations at Mazama without
circulation could be simply summarized by the statement:

.Maintaining circulation of drillihg fluids in the drilling environment
encountered at Mazama-(i.e., intensely fractured crystalline rocks) is
_technically infeasible for a core type of operation.

Ve:y truly yours;

E)Ww

ames L. Moore
Senior Vice- President
Exploration

JLM:sr:42

ct: Steve Henderson, BLM Portland
Dennis Simontacchi, BLM . Lakeview

Art DuFault, Winema NF
Marv Stump, Winema NF

Dennis Olmstead, DOGAMI -

Susan Prestwich, DOE



January_9; 1987

Ms. Susan Prestwich
Project Office

U.S. Department of Energy
Idaho Operations Office
785 DOE Place

Idaho Falls, ID 94302

Re: M2ZI-11A Interim Data - Resubmitted

Dear Susan:

In accordance with your request, we are resubmitting the interim data. Our
previous submittals on December 30, 1986 were inadvertently marked
"Proprietary”. '

Also enclosed are temperature data, not previously submitted as follows:

'.Temperature Gradient Survey, Data and Profile (Al Waibel/
Dave Blackwell)

Temperaﬁure Gradient Survey, Data and Profile (LaFleur, CECI)
Please feel free to cali'me or Jim Moore should you need anything further.

Very truly yours

@WAW

Anna K. Carter
Administrative Manager

Compliance
' . : i ) . oy B AT N ~
AKC:sr:42 : - . .:}ug(&:-s Yy :L}’
. [ ~
cc: Elizabeth Bowhan, Contracts Spec1allst DOE CANr 4T raaT
Robert Fujimoto, BLM JAN 13188)

C A L ILF O R N | A E N E R B Y T O M P A N ¥
3333 MENDOCINO AVENUE, SANTA ROSA, CA 95404 (707)526-1000 TELEX Il: 510-744-2033



MZI-11A

WELL HISTORY/DRILLER'S LOG SUMMARY



MAZAMA I-11A
-Crater Lake, Oregon

9/12/86 Move in and rig up Buckner Drilling rotary rig. Drill 8" hole
to 24' with air foam.

9/13/86 Drilling 8" hole from 24' to 370' with air and foam.

9/14/86 Drill 8" hole from 370' to 575' with air and foam.
9/15/86 Mix mud and condition hole.
9/16/86 Circulate and condition mud for casing job.

9/17/86 to Run in hole to 575' and circulate--pull out of hole. Rig up and
9/28/86 run 18 joints (575') 4-1/2" - 11.6# N-80 casing with 8 round
LF & C threads. Land casing at 575' and circulated with mud.
Cemented with Halliburton, ran 3 bbls. of H;0 ahead of ,
272 cubic feet Class G cement with 1l:1 Perlite, 3% gel.
Displaced top plug to 545' with 8 bbls. of H;0. Plug in place
at 1500 hours 9/17/86. Good returns (1l00+ cubic feet). Job
witnessed by Steve Henderson and Dennis Simontacchi.

9/29/86 to Weld 6" - 90C series slip on casing head to 4-1/2" casing.
10/7/86 Install hydraulic operated annular and blind rams BOP's with
dual controls. Install Hydrogen Sulfide detectors and alarm

system. Rig up Longyear core rig and work -on BOP's.

10/8/86 . Tested BOP's 1/2 hr. each at 700 psi, test ok. Witnessed by
Dennis Simontacchi.

10/9/86 Drilled cement from 545' to 575°'.

10/10/86 to Coring HQ size (3.50" OD) hole F/575' to 1354';v Fighting
10/24/86 lost circulation.

10/25/86 Run temperature survey.

10/26/86 to Rig down and move off Longyear.
10/29/86 . :

GG:sr:20
Z6132:A5



POSSIBLE LOST CIRCULATION ZONES AND/OR WATER ENTRIES

MZI-1lla

It is very difficult to determine exact locations of fluid loss or water entries
in the hole during drilling operations. There was no fluid loss reported during

the drilling of the surface (0'-375'); however, this was drilled with an air
hammer using water and foam mix. 'There were no water entries in the surface
hole which was dry to bottom prior to running casing. There was no observable

loss of cement to formation during cementing of the surface casing.

During core drilling (575’-1354"') with light mud, a lost circulation zone was
reported by the driller at approximately 640'. Upon review of the core, it
appears more likely that the fluid loss was between 690' and 693' depth and the
standing fluid level while drilling was about 640°'. ' '

The attached temperature gradient profile shows a linear gradient in the top
550' of the hole and the bottom 100' or so of the surveyed hole. The thermally
. perturbed portion of the profile (approximately 550' to 1230') does not suggest
cold water entries because the temperature reversals are too minor. These minor
reversals probably are reflective of zones where cold drilling fluid was lost to
the formation. Since this temperature profile was recorded after only about 20
hours of stabilization, the minor reversals may be the best means of trying to
determine where fluid loss actually occurred. - Inspection of the core suggests
fluid loss zones may occur at the following intervals: significant 690'-693"';
major 966'-971'; diffuse 966'-971'; minor 1149'-1152'; minor 1160'-1162'; minor
1263'-1266"'; minor 1308'-1314'. These observations on the core do not
correspond well to the minor reversals on the temperature log.

There is no evidence to suggest that there were any water entries at all in the
hole. The regional water table was not encountered but lies within 200' below
the bottom of the hole. The bottom hole elevation is approximately 4700' above
sea level and Klamath Marsh is about 4500' above sea level. A cold regional
groundwater table, as normally conceptualized, may not be present beneath the
site as evidenced by the high heat flow observed in the lower portion of the
hole.

Attachment

JLF:sm:42:12:19:86:6138
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" Hole MZI-1llA

Cuttings Review.

0-10 ft.
75% Beige, varlably devitrified, pumice.
25% Subrounded to rounded mixed lithic igneocus fragments.
Tr. sub-mm fragments of feldspar, hornblende and pyroxene are present.

10-20 ft.
a/a.

20-30 f¢t.
100% Light brown volcanic pebble congleromate. Matrix consists of
devitrified pumice, sand size lithic fragments, and feldspar,
hornblende, and pyroxene crystal fragments. The coarser fraction
consists of angular to subrounded volcanic lithic fragments (rhyo-
dacite?) and rounded devitrified pumice fragments. Note: Traces of
dark red to orange red in matrix maybe cinnabar or hematite. o

30-40 f«t.
a/a

40-50 ft.

100% Mixed volcanlc f*agments, including angular to subrounded gray
rhyodacite (?) and red to orange-brown tuff. :

50-60 ft.
90% Gray to dark gray, scoriaceous to dense, hypocrystalline basaltic
andesite. The more dense fragments show loss of orignal texture due
to metasomatic alteration. The pyroxene crystals are generally fresh
with minor hematite alteration around the edges.
10% Mixed tuffaceous fragments.

60-70 ft. _
a/a with minor light colored clay alteration and black hydrous Fe
.oxide precipitation along occassional fracture surfaces.

L

70-80 ft. Unwashed Sample

This sample consists of abundant red and gray clay and sand size
crystal and lithic fragments. Coarser pebble sized fragments consist
of lava and pumice clasts. It is difficult to determine how much of

‘the coarser fracticn is slough from up hole or how much of the clay

~and sand fraction is recycled drilling £luid.

80—90,ft. "Flne mud, driller couldn't catch sample "
Predominantly reddish clay and silt, sand size crystal and lithic
fragments, and pebble size mixed volcanic fragments.

-1-. . ’ . Columcia
Gaoscienc



90-100 f«r.
2% Dark gray scoriaceous basaltxc andesite.
98% Red to gray, st'ongly hematite stained, locally vesicular
andesite. Mafic minerals are strongly oxidized, with much of the
orignal crystal morphology lost. The feldspar phenocrysts are

variably altered to clay and possibly zeolite, and are often stained
red from secondary hematite.

100-110 ft.
20% a/a.

80% Poorly lithified and strongly clay-altered scoriaceous to
tuffaceocus fragments with abundant secondary reddish hematite.

110-120 ft.
a/a

120-130 f«t.
a/a
130-140 ft. .
a/a. Note: Possible pipe dope in sample.

140-150 f*t.
a/a

150-160 ft.
55% Brown to red devitrified basaltic tephra.

45% Red to gray strongly hematite and clay- altered basaltic llthlc
fragments.

160-170 ft.

60% red to gray strongly hematite-~ and clay—alte*ed basaltic lithic
fragments.

40% Brown to red devitrified basaltic tephra.

170-180 f«t.

100% Redqd, locally gray, strongly hematite- and clay-altered basaltlc
lithic fragments.

130-190 f«t.

100% Red-brown to gray strongly hematite- and clay-altered basaltic
lithic fragments. ’

190-200 ft.
a/a_

200 210 ft. : '
100% Red to dark gray, locally light green-gray, strongly clay
altered basalt(’). Reddish color is due to secondary hematite

staining. The green color is due to reduced Fe- bearxng secondary clay
(smectite?).

-2- o Columbia
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210-220 ft.
100% Light green-gray to dark green-gray clay altered dacite(?) with
minor local red to orange hematite staining. Fresh sub-mm secondary
pvrite crvsrals are common throughout the green-gray clay altered

rock.

220-230 ft. .
100% Light green gray, locally dark gray, strongly clay-altered
dacite(?). Clear to milky precipitated cryptocrystalline silicia is

common throughout the fragments. Sub-mm black magnetite crystals are
present, possibly as a surviving relic of the host rock. Sub-mm
secondary pyrite is irregularly distributed through rock fractures,
occasionally occurring as mm-size clusters. Minor clear tabular
zeolite clusters are present in occasional vesicles and open

fractures. Locally fine-crystalline veins of secondary calcite are
opserved.

230-240 f¢t.
a/a

240-250 ft. A
Similar to above, though the degree of c¢lay alteration in the rock is
decreasing. Relict hematite alteration has been preserved in many
fragments which have subsequently undergone silicification. Secondary

alteration of mafic minerals to pyrite is common. ©No secondary
calcite is observed.

250-260 ft.
a/a

260-270 ft.

a/a with rare traces of white acicular zeolite (natrolite series ?).

A marked reduction in secondary silicification is observed in this
sample.

270-280 ft.

a/a with a continued decrease in the amount of silicification and
secondary pyrite. No acicular zeolite observed.

280~-290 ft.

40% Gray to very dark gray, locally red-gray dacite.

60% Very light gray, locally red-gray, strongly altered dacite.
Mafic minerals are occasionally altered to magnetite, though more
commonly to hematite. Alteration of plagioclase to clay ranges from
moderate to extreme, occasionally with only casts of plagioclase
crystals surviving. The groundmass is altered to white clay, clear
tabular zeolite and rare traces of secondary sub-mm pyrite.

290-300 f«t.

a/a with a vary few soft light green-gray fragments. The texture and

degree of alteration is characteristic of a strongly sheared or
faulted rock.

-3- ' ' _  Columbia
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300-310 f£t.
Similar to above with a general decr=zase in the degree of alteration.
The mafic minerals continue to be strongly altered to hematite.
Occasinal fracture surfaces contain a light coatlng of green clay and
sub-mm pyrite crystals.

310-320 ft. . ‘ '
a/a with a slight increase in the whHite clay-zeolite alteration. A

few light green-gray fragments have a texture suggesting proto-
mylonite. .

320-330 ft.
S% Very dark gray fresh glassy dacite.
85% Gray to light green-gray, locally red-gray, strongly altezed
dacite.
10% Green-gray cataclastized dacite with many fragments hav1ng a

- mylonite to protomylcnite texture.

Vein filling quartz and botryoidal cryotocrystalllne 5111ca are
. present in some of the dacite fragments. A few of the dacite
fragments have been indurated with silica, often associated with
secondary precipipated sub-mm pyrite crystals. Secondary zeolite
alteration is associated with the more strongly altered and
brecciated dacite fragments.
This sample consists of fresh glassy subvolcanic dacite,
cataclastized rock associated with subvolcanic emplacement, contact
metamorphosed rock and hydrothermally altered rcck.

330-340 f«t.
a/a

340-350 ft.
a/a with only rare traces of fresh glass.

1 350-360 ft.

30% Light green to green-gray brecciated and sheared dacite. The
brecciated fragments contain cryptocrystalline silica and minor
pyrite.

70% Gray to light gray altered dacite with variable amounts of
secondary hematite. :

Tr. dark gray fresh glassy dacite.

360-370 f£t.
a/a

370-380 ft. :
a/a with a decrease in brecciated fragments to 10%

380-390 f£t.
-a/a

390-400 ft.

80% Gray to red-gray variably altered glassy dacite with secondary
green-gray c<lay and pyrite along fracture surfaces. ’

-4~ . Lo ) Columbia
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400 fr. (cont.)

20% Light gray to.green-gray, strongly sheared, brecciated and clay
altered dacite with secondary sub-mm pyrite crystals.
orange oxidized mylonite fragments..

410 ft.

a/a with a marked increase in secondary clear tabular zeoclite
occurring along fracture surfaces. :

420
a/a

ft.
with 5% orange oxidized mylonite.

430
a/a

ft.

440 ft.’

a/a with 20s% oraﬁge oxidized mylonite. WNote, all Fe appears to occur
as hydrous Fe oxides in orange fragments.

450 ft.

90% Gray fresh to slighty altered dacite. Very locallized reddish
zones in the groundmass are the result of hematite alteration.. Rare
traces of secondary pyrite occur along f£racture surfaces has formed
subsquent to the hematite alteration.

5% Light green to light green-gray mylonite with secondary sub-mm
pyrite and minor clear tabular zeolites.

5% Orange hydrous Fe oxide bearing mylonite. Hydrous oxidation of Fe

appears to be the most recent alteration event.

-460 ft.

a/a

470 ft.

a/a with an increase in the amount of clear tabular zeolite along
fracture surfaces; continued tr. of orange mylonite.

480 ft.
10% Crange mylonite,

the result of Fe oxidation in the light green-
gray mylonite. :

10% Light green-gray mylonzte as/a.

80% Gray tc dark gray variably altered dacite a/a.
-490 ft.

a/a with only a trace of the orange oxidized mylonite.
500 ft.

a/a

with occaSLOnal calcite crystals occurrlng w1th clear taoular
zeolite crystals in f*acbures. -

Columbia
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S00-510 f£*t. ‘ ‘
100% Gray to light red-gray hematite altered dacite with up to 5% of

rock fragments showing the effect of shearing. Minor sub-mm crystals
of pyrite occur along fracture surfaces and disseminated in the
dacite, in part forming at the expense of hematite. Minor vein
filling quartz and calcite are observed.

510-520 f«¢.

85% Gray to light gray clay and zeolite altered dacite with variable
hematite alteration. Occasional sub-mm fractures are observed to be
filled with calcite and zeolite. _

15% Light green-gray, rarely orange, protomylonite and brecciated
dacite. Secondary fine grained pyrite is observed to be present in
unoxidized cataclastic fragments.

520-530 ft.

a/a

530-540 ft.

60% Dacite a/a.

30% Light gray to light green-gray protomylonite and fine breccia
10% Orange oxidized protomylonite.

540-550 f«t.

a/a with 10% very dark gray fresh glassy dacite and 1% orange
oxidized protomylonlte.

550-560 ft.

60% Gray to light gray clay and zeolite altered dacite with variable
amounts of hematite alteration. Occasional fractures are observed to
be filled with calcite and zeolite.

30% Light green-gray pyrite-bearing protomylonite and brecciated
dacite with zeolite and calcite veining.

10% Orange oxidize protomylonite.

'560-570 ft.

Note: Many fragments are in excess of 2 cm; this sample may contain
slough from up hole.
95% Dark gray to gray altered dacite with local secondary hematite.

White secondary clay and pyrite occur along occasional fracture
surfaces.

5% Light green-gray, locally orange, protomylonite and brecciated
dacite a/a. ' ) (

~ End of Rotary Drilled Section.
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pan - P— ~ ) - . o RECOVERY % FRACTURE ANGCl& :
€ LITHOLOGIC  DESCRIPTION ) - "RACTURE 5 ‘ ~ NTS
. 90 @ TD 60 30 FRACTURE DENSITY ) o COMMENTS
: O S U | z
L)
"‘V“
. LIS
r
#i4 | Rhyodacite: Gray, locally purple-gray, rhyodacite with a macro-texture < 1“’+
)
resembling a very dense welded autobreccia. The rock shows no flow ,.‘,, » P é?a
vanding, fractures, or vesiculation features that would suggest T80 N ,")‘ i ¢ _’<1
surface flow dynamics. Occasional irreqularly shaped cm-slzed vugs T . )
. . >r :
are present, lined with a clear tabular zeolite (sub-mm sized > A =
J “ - .
crystals, possibly chabazite), Occasional larger irregular cdavities ‘r-, v ] 3 §77-579 ft. Fractured and broken
and associated fractures are partially to completely filled with Lh:‘ —= rock.
calcite ond quartz (l.e. at 675 ft.). Calcite also fills SR ol
irregularly shaped vugy associated with a few of the |50 V,":" <l )
autobreccia-like fragwents. Rarely sub-cm size lrregular vugs are PR /Zla 585-%86 frv. a/a
observed to be filled with cryptocrystalline silicla. Note that in "‘14‘ E.—‘- E ) o 5&6-?60 tv. Autobreccia-like texture
some vugs & clear plyable materjal (silicon-1ike cemant 2?) has been F " : |<‘ : with qenera:ly subxuu:lnd-‘:;l Lo .
) N . ' - C@m 1N
added; clearly a drilling artifact. . r"‘« “_‘f"“"““;‘:rii‘:“::";:d Mm:‘ e
The degree and type of rock alteration is somewhat variable. The I o0 | 2 slze. ‘ '. q )
9 Yp ¢c0 » A € i } . made up of the same compostiun.
Fe-bearing minerals are moderataly to completely altered to <. A< e . Fractures occasionally follow
N &
hematite. The groundmass i8 generally altered to a light green-gray _JA,‘ *‘ fragment boundaries, thaugh more
clay, probably smectite. Local hematite alteration has also taken "_‘ v . often they cut across such
place in the groundmass. L .. T, bLoundaries.
A, .
o4 ~c, o <\
1"_' uﬂ : /w
av‘( ) i !
- <« L}
!"‘ vt
. v €3
vy A |
410 A A4 A
Ives 3 <\
. Y
629 ft. The fractures are largely filled with calcite. Fracture :":
surfaces show the same patterns of secondary minerals as observed in €y At . ¢ domi ‘1 led
- e
the overall rock alteration (mafic minerals altered to reddish g la2¢ 1 627-628 ft. p'e, on 'f‘_n_ y sea R
9 taT fractures with occaslonal open
hematite, groundmase altered to green-gray clay and trace calcite, . . . cavitivs
clear feldspar [sandine ?) appears to be fresh). - ,"::r ' ’
L( “‘1
C A9
L
ATE M
by v
‘A dr
S, 4
tas e
:‘L'“
8 A b
4 + 1
6so4 2 4L \
<
el
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r
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666 ft. Green-gray sheared and brecciated zone approximately 8 [ 3 '

: ) v < p— i d fractures
inches thick. Platy fracture surfaces show dark green slickensides e Ay A =5 ':i 658 f:h z“:'z::?:::le ractu
- € 1" it .

and precipitated calcite. The host rock has a strongly welded : JVA: /w. \ ¥
crystal-lithic gilicic tuff microtexture that grades into a more ‘,.:,
typical rhyodacitu subvolcanic texture within S ft. above and below A et
. S A
the noted depth. ¢ 3
¢ note epth v.*-;‘5 4,‘ . Poqo_lol.__g




GEPTH . FT » . : RECOVERY % [ FRACTURL ANGLE :
LITH IC SCR FRACT CnE - . COMHENTS
OLOGIC  DESCRIPTION 50 & 0 60 50 HACTURE DENS1TY : H
. A A1 i 1 p—— -
T" vy | .
‘e ’r" Pl 675 ft. Calcite lines vesicles and
{" "l o 1 fractures,
L)
rv .
Law }
¢80 > ry
. < r‘ ?‘o 662-684 ft. Broken and fractured
[ P2 N .
s 5 ,/’M A rock.
[ Y W
$ € T :
v /
»
- A J ¥ ]

: " — 692-694 fr. Brecclated with poor
691-69) ft. Brecciated rhyodacite with calcite partially filling ‘”Jr‘ v’,. 9 >3 fracture cementing. " i
fractures. Both the pervasive rock alteration and k_)recclatéd ">';<, AAVAVV K !
surfaces show fresh clear feldspar (sandine ?) and mottled red I o r"‘ RAYNAY
hematite alteration in a greenish groundmass. The groundmass i@ . "‘_h: 4
generally harder than the metal probe point and shows no clear LY,
texture with the hand lens. Local small cavities of calcite are 100.1'\ "v" ‘ y )
present in varying dengity throughout this section of rock. "h"_' et

: M -5

T3« 3
Nb,\l 1
~
e '
To L vv
L
SRR . / )
va's y’/u! 2
X o
+ Vv
e st
710 4> ~ 4 ¢
b v vy wi . 3
<Lt £
B ‘.‘v ’ b
' > a
v or«
LK IS p—
7”—{ Yroa 5 1
v )
>av
F A A}
3
1Y
v, e .
IS
Mo .arv?, /')0. [
7“&“ w ’i-
> <+
. :, N 756-764 ft. The texture suggests
756-764 ft. Fractured purple-gray to green-gray rhyodacite. The "'v"‘_"1 ’ 3 silica mﬁlnﬁOllml.iZdUon. The .
Tock contains variable amounts of red hematite alteration mottled L > g : il fractures are filled with calcite
ith the = 4 small irregular vesicles are {TR {1 r ¥ —Ze : and pyrite. Occasional fracture
with the a green-gray groundmags. Sma rregular [ ' [ < surtsces have o red-orange
tilled with calcite and silica. The clear feldspar crystals appear v:."' ) staining, associated with partial
to be fresh. Near fracture surfaces the groundmass and feldspar N ",," oxidation of secondary pycite.
show clay alteration. A . 1 Secondary pyrite is present
. . :_';‘ ’ locally in the rock, usually away
7(‘,_‘ 850 Rhyodacite to Dacite: Gray to purple gray, massive. The groundmass 7@04,:«4 < ”R‘J‘ 7 ’ ) fn.;)m fractures,
: conatalns variable hematite alteration., Sub-mm feldspars and h":: N —— )W . 758-770 fu. M“"““:” to strongly
hornblende crystals are recongnizable, Ve /,; Y fractured, Including some
. A vertical fracturing.
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OEFTH Y . RECOVERY Y% FRACTURYE ANCLE
LITHOLOGIC  DESCRIPTION - SNACTURE DE COMMENTS
50 B 10 60 30 FRACTURE DENBITY . COMMERTS )
v A A2 a1 pa
A 474- <l.4.
. - v A " 770-784 fr. Fractures lined with
2 3 o - N
775-780 ft. Broken or crushed zone poorly cemented with a soft white ::(i /. thu‘t f3lm ot calcite and trace
clay, contains many open cavities. ';.' o 8 8 pyrite.
i s AN B A B
180, vy
-
ok / 3
g€ ’,/
v A \4 oot
R Lh NS
, P TAYL
Fofa W4 2
<5 : w03 .
‘1L A 792-843 fr. Fractures filled with
‘\rq‘ calcite and varying amounts ot
v)'; pyrite. Pyrite precipitation
N Loth preceded and ly coyenctic
'B: v 1y with calcite. Reddish stained
."«‘ y ’ fractures both cross-cut and are
v P o cross-cut by some calcite
:":t / veinlets.
1o g
4
A.""‘(
3\0“:‘\' ? 1
v
4 vV P
v W
817-821 ft. Strongly fractured and sheared rock. A"“ 4
T
K,
AP /erf >0
Ce 9 4/{‘;
) . ) 810 A i“‘vq £ "
‘827-6828 ft.Strongly fractured and sheared rock. < »h pS
. . v
,~ g ~
?» b <
A A y
Te s
taa £ >‘°
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A
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Tey N
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648-850 ft. Cataclastized zone which is poorly cemented. fl‘ho <4 ¢v 843.5-844 ft. Single vein of quartz
fracture surfaces are coated with a white clay-like mineral while "‘74r | with sub-mn calcite lining.
the center of the tractures are partially filled with coarse calcite v <y lvXv]v] >\0 848-650 fu. Brecciated and poorly
crystals. 3504 W —AN cemented.
_ el wll 850-903 ft. Calcite seams and \;uins
B50 [io%c Rhyodacite-Dacite: gray, locally purple gray, massive. The texture ':6: :l; ::‘,)—,Zﬂ'kf.‘,gf,} d:lj‘:c::.ru:;m:::
. A A
vartes from a welded autobreccla to a welded crystal-lithic tuff. L 0;4(). away from fractures, has been
No tlow features or vesiculation are observed. The autobreccia 4:.“ pervasively altered to a
frayments are sub-angular to rounded and range from 1-20 cm. "o _1”_‘ < . gray-yreen clay with local small
Bo2-875 tt., Fractures, horjzontal to high angle, with no v, VAN >V’ areas of orange hematite and
slickensides. No secondary precipitation or alteration minerals are r‘,,’r rs' k secondary calcite.
. ~ .
observed. '4:"‘- ,...—-/'h d 7
gt Poqciol.&
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LITHOWOGIC 'DESCRIPTION -~~~ = -+ = - -

RECOVERY %
90 80 70 60 30
VR S . |

FRACTU

RE_ANGLE
FRACTURE DENSITY

COMMENTS

875-882 ft. Predominately vertical fractures coated with thin dark
green shearcd clay. The fractures cross-cut calcite veins,

'890-892.5 ft. Fractured and brecciated zone containing minor white

clay, calcite, and clear tabular zeolite (chabazite ?). These
fractures cross-cut earlier formed velns of calcite and pyrite. The
rock surrounding this brecciated zone is strongly altered to clay.

900-967 ft. Calcite bearing fractures, A few fractire eurfaces
contain a very thin zone of elickenside-like sheared rock.
Occasional calcite bearing fracturus show a dark green clay
alteration adjacent to the rock.

967-971 ft, Brecciated rone with a pervasive light 'qroan;qray clay
alteration of the rock, Minor white clay and traces of a clear
tabular zeolite (chabazite ?) have formed on some of the fracture

surtaces.

BT F
H ¢ 3‘“ ¢4 871 fu. The core contains an b
3 inch thick vection ot soft duek
-1:~‘__4 ¢ gray clay-like material with
": v sharp upper and Jower boundsries.
p s
“0”(,‘4 This n‘sppuals to be an artifact ot
Ay deilling. When viewed through o
AT i microscupe it dppears Lo by nade
~oer up of tinely gruund rock ’
.7‘._7 contafning fine fresh teldspar
TP - fragments.
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v 897 ft. Probable drilling artiface,
,4.")4 see comment at 871 te.
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X Y 910-1002 ft. General increase in
n:,‘ : < pervasive alteration of dacite to
aw f, ;‘ light green-gray clay and dark
A " .
[ .\: . s green clay, chlorite, and
v < calcite.
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DEPTH FT - RECOVERY % | FRACTURE ANCLE
LITHOLOGIC  DESCRIPTION - : FRACTURE DE CUMME
' 30 @ ™ 6030 FRACTURE DENSITY NTS
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971-983 ft. Generally unfractured rock with only occasional « At N /
A . A »®
les d wit lcite. ? )
vesicles tilled with calcite %0 J: 1:4 984 ft. Fracturés and vesicles are
e filled with calcite. ’
Aa b 966 ft. a/a
e 94y L. a/a
p 4 ¢
N
e
MNO4>at - .
vt 995-1039 ft. Vein and vesicle
v‘v“ filling calcite is comnon.
<> e
Lol
a7
,mﬂ)»vu: 1004 ft. Probable drilling artitact,
P /u'". 2 Be@ comment at 871 ft.
. . -
1003-1039 ft. Dacite autobreccia showing variable secondary A e
hematite alteration in the groundmass. Often the variations in the P v 'V‘ <\
intensity of sucondary hematite accent the autobreccia-like r,":_‘
trayoents. 10\0 -1 M.
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10104 ¢ +a 1024 ft. Probable dril)ling artiface,
. Ay see comnent at 871 ft.
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1015-1086 ft. The rock is strongly brecciated and variably, but ve¥, / L) 1039-1042 ft. Secondary pyrite is
yenerally strongly, altered to clay. Many of the breccia fragment x 7‘ ‘“5°Ci°l‘fd Loth "“." dark green
surtaces have a sheared ¢lickenside texture. No obvious secondary b, i ullcl»wuulduu and with traces of
1ecipitatfon minerafs are observed in this zone 14014 4 o catcite and clay.
precip ‘ . o0 \non ;D 1042-1059 ft. Rare traces of pyrite
v or >
PR AVAT are present.
e 14t AV/a\ 75N
Cpv oa9nv
v A3/
W, L ¢ ALY
il Unva - 1059-1062 ft. An older fracture
P "‘,‘ l"./ ) - event has resulted in a fracture
A, __x'“‘ and breccia zone with veins of a
AT e soft clear mineral wi
L v« eral with boxwork
“‘ IS W\VVA >0 morphology. Replacemént pyrite is
1000 ~ ‘,‘ V*J A (V\V present §n the the brecciated
\ b L2 ?l& {\ frayments.
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CEPTH FY RECOVERY % | FHACTURE ANGLE
LITHOLOGIC  DESCRIPTION ° e T . N
) 90 B 70 60 30 HACTURE DENSITY COMMENTS
A4 1 3 T =75 <
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A lse—=| ¢ 10741079 ft. Minof to trace of
. SNIA >0 pyrite occurs. HNoute that the
~ V“‘_, Sy N pyrite occurrence may predate thw
LIS e x| B intense brecciation of this zune.
L \V/A\VZAN >0 !
g0 ,.I rv.a , AVAZ
YA (V477N
cY e WA
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o1t fuas Dacite: Gray to purple-gray dacite with pronounced sutobreccia-like )h‘,’ q
featurcs. The secondary hematite alteration aqcountlnq for the « v" ”—a—.- 3
purple color is most pronouced in the matrix of the autobreccia. 10 , ~ -,"'_ o /i:‘
1.
The stable Fe mineral in much of the rock is secondary clay/ A ‘*‘1 ?
chlorite. Minor veins and veslcles of secondary quartz and white Ay
clay are usually under 5 mm thick. Near .vertical fractures with a1 1‘ 2L
>
pronounced sheared faces postdate the mineral filled fractures and "‘ 3 4‘ I
vesicles. ’ v’
noo-ft , A
SECh
>
R )1: 1106 ft. Probable drilling artifact,
'mm&jj see comment .at 671 ft.
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Dacite: Gradual decrease in the autobreccia-like features. 1 J:
112§ juso . F v o 1128 ft. Probable drilling artifact,
ats, see comment at 671 ft. )
[l el
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1131-1135 ft. Coarsely brecciated dacite with minor ma-thick veins “01*,"“4‘ VavAaY >0
of calcite. The brecclation appeare to postdate the calcite seams. AR avy oy
Co : : 4V // =
vow ) /u' 2
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1141-1151 ft, Breccjated dacite with abundant vertical fractures. ," r1:
No pronounced secondary alteration is observed. No precipitation A
X e X SN v : ° o ‘“ NN (': v i SO 1149 ft. Probable drilling artitact,
n ne‘n § appear to be associated with the brecciation. nor S sew comment at 871 ft.
calcite velns appear to predate the brecciation. 4 i‘r
: ’ ) e
uso-{ KR vavasl 1
: "o a0 doa 1164 ft. Local sub-mm zones of
M <\ hematite which may be pussible
a : <J s pseudomorphs of matic minerals.
v . X L
1159.5-1162 fr. A/a, with éome of the fractures following earlier 4 ? -’,. Secundfry s.alcxfe is common,
calcite veins L P1v ' occurring both in vesicles and
) . ) lagioclase sites. Green clay
. Wwopcy ayval e P
1164 ft. The dacnvta containe abundant microcrystalline vesicles. A AVAN alteration appears to be
Background alteration appears to jnclude green clay or chlorite, Ay ? <i subsequent 1o hematite
prefercatially Jocated around vesiclew. Secondary hematite occurs in LR " /" Y4 alteration.
the groundmass away from the vesicles. The only recoynizable privary : Y l = Q B
minerals are wm to sub-mm bized plagioclaswu laths. ":.,* .°' | Foqn_&_ol.ﬁ*_




DEPTH FT.

LITHOLOGIC  DESCRIPTION

RECOVERY

90 H#O TU 60 30
VS S . |

FUACTURE ANGLE
FRACTUHE NENSLTY

<

COMHENTS

1263-1266 ft. A brecciated zone.

1169-1178 ft. Only minor vesicle and fracture filling minerals are
present, mainly calcite. Background rock alteration suggests a

partial oxidation of iron minerals followed by secondary green clay

“or ¢hlorite. The rock contains abundant microvesicles in a

crystal-rich g!ouhdmann. Minor secondary calcite is ubiguitous
throughout the rock.

Dacite; Gray to light gray, pervasive though varlable clay altered

dacite. A few sub-mm clear feldspar cryustals appear to be fresh.

‘Many feldspar phenocrysts appear to be altered to clay and calcite.

The groundmass contains variable zones of secondary dark green
clay/chlorite and minor zones of secondary purple hewmatite.

1200 ft. The rock is becoming increasingly altered to clay, cnua]ng
the rock to ‘become softer.

1208 ft. The rock is more brittle due to a decrease In clay
altvration. Many of the fractuie surfaces show slickenside effects
suggesting vertical to obligue high angle movement. Vein filling
minerals laclude calcite and unidentified soft white mineral which
does not effervesce in HCl. Traces of mordenite needles may be
present as a vein filling mineral. )

f211-12l7 ft. Highly fractured rock with veins a/é. The background
alteration of early stage hematite followed by subsequent green clay
or chlorite continues.

1229-1232 ft. Fractures and vesicles show lininys of green clay or
chlorite followed by massive calcite. At a hand lens acale no
phenocrysts are readily jdentifiable in the rxock. The rock appears
to have undergone a mild but pervasive hematite alteration followed
by a clay or chlorite alteration. The latter is5 preferentially
lucated near vesicles and plagioclase sites. Minor secondary
caleite commonly occurs in feldspar sites.

The rock shows a pervasive background
clay alteration. A clear zeolite with a tabular morphology
{chabazite 7) and- pervasive purple to orange hematite alteration of
the rock is present.
fracture surfaces.

Very minior secondacry calcite is present along
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1174 tt. vcecasiunal vesicles show
green clay or chilurite alteration
along the edyes, followed Ly
calcite, and rarely with quartz
following calcite. Mure commonly
vesicles and fractures are tilled
with calcite, and occasiovnally .
with calcite and mordenite. A
few of the thy vesicles contain
only an acicular zeolite
(murdenite ?). One vesicle
containg massive calcite,
followed by movdenite, which in
turn is tollowed by bladed
calcite, Pervasive rock
alteration jncludes green clay or
chlorite and secondary calcite.
Plagloclase laths have altered to
clay, possible zeolite, and
calcite.

1187 £t. Rock alteration shows an
early eplsode ot hematite
alteration of Fe minerals, both
phenocrysts and groundmass, to
hematite, followed by a later
ttagye green clay or chlorite,
pruferentially occurring neor
vesicles and tractures. lLarger
veslclus and fractures contain
secondary caluite and mordenlte.

1217-1218 tv. Only minor amounts uf
calcite in fractures and
vegicles.

1232-1254 ft. The intensity of
fracture and vesicle filling is
variable.

1259 ft. Late stage calcite is
present in a few of the vesicles.
Mordenite also occurs with the
calcite. The latest stage of
calcite, formed subsequent to the
mordenite, has a bladed
motphology.
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DEFTH FT

LITHOLOGIC  DESCRIPTION

RECOVERY %
90 ® 70 60 30
A1t L 1

FRAUTURE ANCLE

FRACTUKE DENSITY

COMHENTS

1267-1276 ft. Dacite with secondary hematite occurring in the

groundmass, followed by subsequent seconddry green clay or chlorite.

‘Vesicle-tilling minerals include green clay followed by massive

calcite.

1294 £t. A strongly fractured zone. The fractures are partially
tilled with chlorite (or greun clay), wminor calcite, mordenite, and
sub-mm Fe sulfide (pyrite ?). Soft white areas probably include
other unidentificd secondary minerals. Mordenite appears to make up
the bulk ot secondary mineralization in these fractures.

1296 ft. Occasional fractures containing minor secondary quarte,
followed by calcite and mordenite. The rock shows somewhat less
alteration than up-hole, with only minor early stage .hematite
alteration. Small sub-mm fractures are predominately filled with
Minor Jocalized secondary .calcite is limited to the
groundimass. . .

By 1298 tt. The secondary mineralization associated with fractures
appudrs Lo be limited to calcite and a zeolite., Sealed fractures
Open fracture surfaces have a tine coating
Rare sub-mm eillca veins

silica.

arte fi)led with calcite.
ut a crystalline zeolite (mordunite ?).
may be the result of nothing more than localized metasomatic

alteration.

1301-TD (1354 ft.) The dominant fracture filling minerals are
calcite and mordenite with the most recent morpholoyy consisting of
calcite blades torming on mordenite needles. The most intensely
tractuted zones occur at 1331 £t., 1334-1340 fr., and 1347-TD ft.
Many of thuse fractures show a lining of green clay or chlorite.
Much of the more recent alteration is dominated by light green clay
or chlorite which tends to obscure earlisr hematite alteration. The
earlier hematite alturation is best preserved in those areas away

trom intense tracturing. Micruscoplc sized Fo sulfide occurs as a

tssce vein mineral and as an alteration mineral below 1319 ftt. It

occurs most commonly in the intensely fractured areae.
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1276-1277 ft.Fractures show both
massive calcite and quartz
filling, |

1278-1280 fr. The fracture surfaces
show very minor calcite mainly in
opun fractures. No secondary
quartz is oLserved, )

1280-1294 tt. Generally unfractured
rock with minor calcite tilled
Vuaiéleﬁ.

A clear to white zeolite with a
tablet-like morphology occurs in
fractures, associated with a rarc
trace of pycite (?), 1319 tu,
(Bee 1322 to. away from main
fracture vueiaing). The deyree ot
secondary green clay-chlogite
increases below 1315 tt.,
especially in arcas ot
fracturing., la addition to an
increase of clay-chlorite, a tate
trace of drusy quartz occurs,
cogenetic with mordenite. Migor
secondary pyrite also occurs as a
vein-filling mineral. The
precipitation ot quarte appears
Lo represent the mout xecent,
perhaps ongoing, activity.

1350 ft. Thick calcite-mordenite
veins observed.

1351 fe. A very tine clear white
cvein tiltling zeolite, possibly
mordenite with a more tabular
morphology is observed.
1352 tu., Veining of calcite-
mordenite-quartz-pyrite.

Poqe&nlf_'_




MZI-11A
. CORE RECOVERY

Depth Interval Cut Recovered $ Recovered .
575'-579" 4 4 100%
579'-585" 6 6 "
585'-589" 4 4 "
589'-594" 5 5 .
594'-596"' 2 2 -
596'-604" » ' 8 8 "
604'-614" 10 10 ' .
614'-624" 10 10 , .
624'-634" - 10 10 ' "
634'-644" . © 10 - 10 -
644'-654" 10 10 : -
654'-663" ' 9 9 "
663'-673" 10 10 ¢ .
673'-683" 10 10 ‘ "
683'-693" , 10 10 ..
693'-694" 1 -1 : o
694'-704" 10 10 o
704'-714" 10 10 n
714'-724" 10 10 "
724'-734" - 10 10 ' .
734'-744" 10 10 : : o
744'-754" ‘ 10 10 ' -
754'-764" 10 10 "
764'-772" _ 8 8 . oo
772'-782" 10 _ 10 ‘ -
7821-792" ' 10 10 ' : "
7921'-801" : 9 9 .
801'-811" 10 10 oo
811'-820" : 9 9 : .
820'-830" 10 ' 10 ' "
' 830'-840" 10 10 ’ ' "
840'-850" 10 10 om
850'-856" . .6 .6 . .
856'-861" ' 5 A 5 "
861'-871" 10 10 ' . "
871'-873" 3 2 _ - 67%
873'-882" : 9 : 9 1003
882'-892" 10 ’ 10 "
892'-897" 5 .5 "
897'-907" 10 o 10 "
907'-914" ' 7 7 : .
914'-924" ' 10 10 C : "
924'-934" 10 © 10 ‘ "
934'-944" : 10 © 10 ..
944'-954" . 10 10 "

954'-964' 10 .10 "



Depth Interval

964'-974"
974'-984"
984'-994"
994'-1004"
1004'-1006"
1006'-1014"
1014'-1024"
1024'-1032"
1032'-1042"
1042'-1052"
1052'-1058"
1058'-1061"
1061'-1069"
1069'-1079"
1079'-1084"
1084'-1086"
1086'-1096"
1096'-1106"
1106'-1108"
1108'~1118"
1118'-1128"
1128'-1138"
1138'-1147
1147'-1150"
1150'-1154"
1154'-1162"
1162'-1164
1164'-1174"
1174'-1184"
1184'-1194"
1194'-1204"
1204'-1209
1209'-1219"
1219'-1225"
1225'-1234"
1234'-1244"
1244'-1250"
1250'-1259"
1259'-1263"
1263'-1268"
1268'-1278".
1278'-1287"
1287'-1297"
1297'-1307
1307'-1315"
1315'-1324"
1324'-1334"
1334'-1344"
1344'-1354"

Cut

JLF:s5r:42:12-19-86:6232/B2

Recovered

10
10
10
10
2
8
10
8
10
10
6
3
8
10
5
2
10

% Recovered

100%



DEFTH

METERS
2S50.0
253.0
250.0
263.0
270.0
275.0
280.0
283.0
2920.0
228.0
J00.0
303.0
310.0
31S.0

320.0

IS.0 .

Dl e

3I30.0
I35.0
340.0

34S.0

IS0

335.0
J&0. 0
3&S.0
I70.0
375.0
330.0
383.0
3F0.0
393.0
400, Q
40S.0

12486,

LOCATIOM: kKL

T/R-3:
HCOLE MNAME:

DATE MEASURED

DEFTH TEMF

FEZ DEG C
320.2 75,100
87&5.6 73.3500
8SIZ.0 73.700
867.4 74,200
835.3 734.T00
FOZ.2 TS.700
?13.8 T7 700
3.0 80.Z0Q0

951.
9&7.
984,

81.400Q
81.&00
81.100

4
8
1000.7 82. 300
1017.1 84.200
1033.5 80. 500
1049.9 81.100
1066. 3 83. 400
1082.7 84. 300
1095.1 - 80. 500
1115.5 83. 500
1131.7 3.500
1143.3 82. 900

1184,
1181.
1137.

T
-~ Ll et

12T0.

et b

84.700
83.Z00

36,4060
0. 000
@7 .300
100, 400
102, 000
104,200
1Q3. &00
107,100

1263.
1277.5
12395.9

1312.3

1323.7,

LN R UR S

83,200

MZI-11A

™ e VI
-

HO\ -—— ,UW

LA T

ZEATURE GEOTHZE=MAL
DEZ F DEG C/kM
1538. 783 _ Q.0
TI.3T0 420.0
174.02 30.0
163.56 -240.0
&S.73 20,0
1638.25 230.0Q
171.386 400, 0
7&68.53 S20.0
173.52 220.0
178.883 40.C
177.53 -1Q0.90
130.13% 2940.0
1833.54 380.0
177.08 =720.0
177.783 100.0Q
182.12 450.0
184,543 280.0
77.08 -340.0
182.43 SO0, 0
182,43 Q.0

181.22 =-140.0
134.32 400.0
131.724 =320.0
181.7& =20.D
187.22 &30,
F4.,00 720,90

208. Qa4 1340.0 \
212,72 S20.0

213,80

212.58

320.0

440.0

222,28 230.0
22484.7% JO0.0

- 4 e

Data from Dave Blackwell's Computer Program.
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DEPTH N FEET

- TEMPERATURE  DEG. F

90 IllO IS.O l|50 lIO . 190 2ll0 230

$00 —
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1100 —

1300 —
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NOTE: SURVEYED BY AL WAIBEL °
COLUMBIA GEOSCIENCE . '
DATE 10/25/86 ° ~— 2 °F/100

(AFTER 20HRS STABILIZATION )

N



This data was recorded by Al Waibel,
about 20 hours of stabilization.

MZI-11A Temperature Gradient Data

| ' Depth in Feet

98
131
164
197
230
262
295
328
361
394
426
459
492
i 525
541
558
574
59)
607
623
640
656
! 673
689
705
722
738
755
, 771
f : 787
804
820
837
853
869
886
902
919
935
951
968
984
1001
1017

1033.

1050
1066
1083
1099
1115

1148
1165
1181
1197

R NV

1214

1230
1247

1263 .

1279

1295.

1312
1329

JLF:8r:42
- =

Columbia Geoscience,

Temperature °F

53.5
61.5
68.25
79.75
86.4
94.8
99.95
102.5 -
114.3
121.15
125.7
130.3
137.8
134.8
141.9
142.9
141.2
140.25
142.8
143.1
146.7
152.1
152.85
148.2
153
152.5
150.5
154.5
157.5
156.4
162.7
169.0
173.0
174.0
165.6
165.7
168.3
i71.9
176.5
178.6
178.9
178.0
180.1
183.6
177.1
178.0
182.1
184.6
177.1
182.5
i82.3
181.2
184.8
181.9
181.8
187.5
194.0
208.0
212.7
215.6
219.6
222.1
224.8

on 10/25/86,

after




IN FEET

DEPTH

. TEMPERATURE  DEG. F

‘90
I

1o
[

130
1

1%0 70

190

2|l0 230

200 -

300

400

$00 —

600 —

700

800

1100 —

1200

1300 —

20 °F/100"

NOTE: SURVEYED BY AL WAIBEL
COLUMBIA GEOSCIENCE

DATE 10/25/86

{AFTER 20HRS STABILIZATION )

MZI[ - 1la
TEMPERATURE GRADIENT

" PROFILE

NG °F/100"




MZI-11A Temperature Gradient Data

This data was recorded by Al Waibel, Columbia Geoscience, on 10/25/86, after
about 20 hours of stabilization.

Depth in Feet Temperature °F
98 53.5
131 61.5
164 68.25
197 79.75
230 . 86.4
262.5 94.8
295 ' 99.95
328 4 102.5
361 114.3
394 ‘ 121.15
426.5 125.7
459 : 130.3
492 137.8
525 134.8
541 141.9
558 : 142.9
574 141.2
591 140.25
607 142.8
623 143.1
640 146.7
656 : 152.1
673 152.85
689 148.2
705 153
722 152.5
738 150.5
755 154.5
771 ' 157.5
787 156.4
804 162.7
820 169.0
837 . 173.0
853 174.0
869 165.6
886 165.7
902 168.3
919 171.9
935 176.5
951 178.6
968 178.9
984 178.0
1001 180.1
1017 183.6
1033.5 177.1
1050 ' 178.0
1066 182.1
1083 184.6
1099 177.1
1115.5 182.5
1132 182.5
1148 181.2
1165 184.8
1181 181.9
1197.5 . 181.8
1214 187.5
1230 194.0
1247 208.0
1263 212.7
1279.5 215.6
1295.9 219.6
1312 222.1
1329 224.8

JLF:sr:42




DEFTH
METERS
230,60
2335.0
2E0.0
265.0
Q70,0
275.0
280.0
285.0
290.0
2935.0
I03.0
I10.0
313.0
JI20.0
325.90
JIZ0.0
335.0
340.0
T435.0
I30.0
33S.0
3650.0
36T.0
370.0Q
373.0
380.0
385.0
370.0
Z93.0

400, O

405.0 .

LOCATIONM:

T/R-51
HCOLLE MNAME:
DATE MEASURED: 10/25/

DEFTH
FEET
820.2
836.6
8535.0
86%. 4
885.8
FO2.2
?18.6
FIS.0
9351.4
257.8
?84.73

1Q00.7

1017.1
1033.5
1049.9
1066.3
1082.7
1099.1
1115.3
1171.%
1148. 3

1164.7

1181.1
1177.5
1213.9
1230.3
1246.7
1263.1
1279.3

 1295.9

1312.3

15328.7

MZI-11A

TEMPERATURE

DEG C
TéH. 100
78. 300
73. 700
74,200
T4, 300
735,700
77700
80 . 300
81.400
81.600
81,100
282. 300
84. 200
80 . 500
81.1Q0
835. 400
84.80Q0
80. 600
385, &00
83. 600

- 82.900

84. 900
g3. 300
83.200
84. 400
PO O00
7. 3010
100, 400
102, 000
104, 200
1035, 600
107.100

DEG F
14£8.98
173.30
174.02
165.36
165.74
168.26
171.86
176.34
178.32
178.88

177.98°

180.14
183.586
177.68
177.93
182.12
184. 464
177.68
182.48
132.48
181.22
. 184.822
131.%4
181.7&
187.352
124,00
203,04
212.72
213. 60
219.56
222,08

e o
224.7&

GEQTHERMAL GRADIENT

DEG C/EmM
Q.0
480.10
30,0
—-240.,0
20,0
280.0
450, 0
S20.0
220.0
40.0
—-100, 0
240.0
380.0
=720.0
100, 0
45650.0
230..0
—3840.0
LEO0 . O
Q.0
-140.0
400, 0
—-320.0
=20G.0
&40, 0
TF20.10
135560.0
S20.0
320.0
440.0
280.0
RENIS IS

Data from Dave Blackwell's Computer Program.
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MAZAMA I-11A
Crater Lake, Oregon

9/12/86 Move in and rig up Buckner Drilling rotary rig. Drill 8" hole
to 24' with air foam.

.9/13/86 Drilling 8" hole from 24' to 370' with air and foam.
9/14/86 Drill 8°® hole from 370' to 575' with air and.foam.
9/15/86 Mix mud and condition hole.

5/16/86 Circulate and‘condition mud fpr casing job.

9/17/86 to Run in hole to 575' and circulate--pull out of hole. Rig up and
9/28/86 run 18 joints (575') 4-1/2" - 11.6#% N-80 casing with 8 round
LF & C threads. Land casing at 57S' . and circulated with mud.
-Cemented with Halliburton, ran 3 bbls. of Hy0 ahead of
272 cubic feet Class G cement with 1l:1 Perlite, 3% gel.
Displaced top plug to 545' with 8 bbls. of H;0. Plug in place
at 1500 hours 9/17/86. Good returns (100+ cubic feet). Job
witnessed by Steve Henderson and Dennis Simontacchi.

9/29/86 to Weld 6" - 900 series slip on casing head to 4-1/2" casing.

10/7/86 Install hydraulic operated annular and blind rams BOP's with
dual controls. Install Hydrogen Sulfide detectors and alarm
system. Rig up Longyear core rig and work omn BOP's.

10/8/86 Tested BOP's 1/2 hr. each at 700 psi, test ok. Witnessed by
Dennis Simontacchi. : :

‘10/9/86 Drilled cement from 545' to 575°'.

10/10/86 to Coring HQ size (3.50" OD) hole F/575' to 1354'. Fighting
10/24/86 lost circulation.

10/25/86 Run temperature survey.

10/26/86 to Rig down and move off Longye&;.
10/29/86. . )

GG:sr:20
26132:A5

DRNADRICTARY



| United StateSDepartrhént of the Iiiterior -

GEOLOGICAL SURVEY

Branch of Igneous and Geothermal Processes, M5-910
345 Middlefield Road, Menlo Park, California 94025

‘March 10, 1987
Mr. Joe LaFleur
California Energy Co., Inc.
3333 Mendocino Avenue #100
Santa Rosa, CA 95401

Dear Joe:

I have looked at the thin sections from the core samples that you sent
me. The sample from 579 feet looks to be rhyodacite of the general sort

that makes up most of the hills east of the park. All of the samples from

-deeper in the hole appear to once have been hornblende andesites or dacites
more akin to Dry Butte rock, but possibly more silicic. So, the major
contact is somewhere between about 580 and 680 feet. From my notes on the

- photos, I can't pinpoint the lithologic break more precisely. I'm no
alteration expert, so I hesitate to comment at this timeé on what secondary
minerals are in the sections.

Thanks again for the rocks. The information from the hole certainly
does provide a new perspective on what's down there. I admit surprise at
finding all those hornblende-bearing rocks.

The Portland meeting was a stimulating exercise. At the very least, it
gave all of us an opportunity to hear what's being studied.’

Sincerely,
t/ WC/&‘

Charles R. Bacon
Geologist

JR U
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3333 MENDOCINC AVENUE SANTA ROSA CA 9340 (7€73325-1G3C TILZIK itr 310-744-2033

March 14, 1987

Director, NPS

Attn: Energy, Mining and Minerals Division
(WASQO 480, Room 3223

Main Interior Building)

National Park Service

P. O. Box 37127

Washington, DC 20013-7127

RE: Comment on Criteria in Support of Listing of Crater Lake National Park
as a Significant Thermal Feature and Request to Delete From List
Public Law 99-591, Sec. 115 ("The Act")

Dear Sir:

We submit that the “thermal features® of Crater Lake National Park are not of a.
nature requiring additional protection under this Act and therefore should be
deleted from the Final List. The analyses of the significant thermal features
of the Park, as prepared by the National Park Service and summarized in. the
2-13~87 Federal Register, is erroneous and misleading.

There is no evidence for “hot spring” activity existing on the f£loor of Crater
Lake. The identified thermal features on the lake floor are two areas of
moderately anomalous heat £low. These areas of slightly warmer rock. (albeit
still quite cold at 39°F) cannot be affected by the activities of man.

The identified temperature ahomalies are five miles distant from the nearest
possible geothermal development.

Crater Lake and Crater Lake National Park in its entirety, is protected from
adverse affects under a myriad of existing laws, including the Geothermal Steam
Act, the National Envirommental Policy Act, and legislation specific to the
Park. -

Attached for your consideration are the following:

Exhibit l: Critical review and Response to criteria data relied on by the
National Park Service in support of listing Crater Lake as a significant thermal
feature. By Joseph LaFleur, Senior Exploration Geologist, California Energy
Company, Inc.

Exhibit 2: Notice of Conference and tapes of proceedings of a scientific
conference on the geochemistry and hydrology of Crater Lake, held on February
24-25, 1987 in Portland, Oregon to "provide a forum for avaluation and
discussion of relevant research and its implications.® Representatives of the
U.S. Geological Survey, Azmy Corp of Engineers, Oregon State University, other
researchers and industry reviewed the data.
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Director, NPS Page Two March 14, 1987

A conclusion of the conference was that there was insufficient evidence to

conclude that thermal springs exist on the bottom of Crater Lake . A major
conclusion of the conference was that any thermal features which may exist would
be unaffected by geothermal development outside of the Park on National Forest

lands. -

We would appreciate notice of any opportunities to participate further in any
congressional hearings or other opportunities to comment.

Y
‘:_J. v.ij

Respectfully submitted, -

T
o

Yo k17

James L. Moore o .
Senior Vice President Exploration .~
. . . b

California Registered Geélogist
4980

JLF/PE/AKC:42

Enclosures



EXHIBIT 1

Feature: Crater Lake
Significance Criteria: 1.
®*Size~-48 square kilometers"®

Response--This is the approximate surface area of the lake and is not the size
of the thermal features. The thermal features identified were two areas of

slightly warmer lake floor. (Williams, D.L. and Von Herzen, 1983 P. 1097).
These two areas of warmer rock have a combined area of approximately 2.5 sq.
kilometers (See Attachment 1). The anomalous heat emanating from these slightly

warmer areas would not be discernible to the touch. These heat flow anomalies
are over five miles from the nearest possible geothermal development.

"Extent--Hydrothermal vents are located on the south central
floor of the basin of Crater Lake at approximately 1500
feet depth - 30-150 liters per second inflow of thermal
water is estimated to enter Crater Lake."

Response--This statement is misleading. Hydrothermal vents were never

identified or "located." The highest temperature measured in 62 soundings was
3.64 C (38.6 F), which is less than 0.15 C (0.27 F) above normal lake floor '
temperatures (Williams, D.L. and Von Herzen, 1983). (Note that water freezes at

0°C). The basis for the 30-150 L/sec "estimate" was never published but it is
based on the erroneous assumptions that all the chloride in the lake comes from
currently active hot springs and that the chloride level remains constant at
this time. There is no data to support these contentions. In fact, the scant
available data suggests the contrary. The published literature suggests a
declining chloride concentration. Phillips and Van Denburgh, 1968 reported
chloride concentrations of 1l ppm in 1912, 10 ppm in 1961 and 9.5 in 1964
(Phillips, K.N. and Van Denburgh 1968, Table 13, Page E57). The average of 14
samples taken in 1984 was ‘about 9.1 mg/L (approximately 9.1 ppm). (Salinas,
White, and Thompson, 1984). This apparent decline rate is in good agreement
with what the decline rate would be if no chloride were entering the lake (see
attached Calculation Sheet 1). Therefore, the 30-150 L/sec rate is not a valid
estimate but an unfounded guess. This guess also ignores the highly probable
and logical conclusion that other sources of chloride would also contribute to
the chloride concentration of the lake. Salts deposited on the original caldera
floor may well contribute to the current lake chemistry. Salts left from
evaporation would also contribute. Crater Lake evaporates about 2 ft. per year
(Phillips & Van Denburgh, 1968). A continuing source of chloride may be
hydrogen chloride gas. Hydrogen chloride (HCl) gas is a volatile common to
degassing volcanic edifices such as Mount Mazama. Stoiber and Williams recorded
830 tons per day of HCl emanating from a volcanic crater in Nicaragua (Stoiber,
‘R.E. and Williams, S.N., 1984). To ignore this highly probable source of
chloride is highly inappropriate, especially since other noncondensable gases
such as helium and radon have been recorded in the lake. 1Isotopes of helium and
radon are common to degassing volcanic edifices and provide no evidence for a
hydrothermal system.




EXHIBIT 1 Con't.

The “"estimate" of 30-150 L/sec was obtained by comparing the chloride content of
a lake situated above a degassing major volcanic edifice (6,800 years old), with
hot springs issuing from convection cells in 5-40 million year old volcanic
rocks of the western Cascades. There is no reasonable geological basis for this
comparison. If the author of the "estimate" had compared the chloride content
of the lake with the chloride content of cold mineral springs, common throughout
the Cascades, similar flow rates would probably have been "estimated.” Chloride
is not an element necessarily indicative of heat and is not unique to hot spring
activity. :

Even if one were to accept the totally unfounded and illogical guess that all
the chloride in the lake comes from currently active “"hot springs," the
resulting "guesstimated" flowrate of 30-150 L/sec would be infinitesimal
compared to the total lake volume. Annually, the flow rate 30-150 L/sec would
constitute a volume equivalent to 0.000055 to 0.00027 of the total lake volume
(see attached Calculation Sheet 2). Compared to the volume of the lake, the
midpoint of this 30-150 L/sec is equivalent to putting one and a half drops per
day of thermal water into a 44 gallon bath tub of ice water (see attached
Calculation Sheet 3). Although there is no evidence that this 1-1/2 drops per
day is being added, it would have undetectable affect on the physical properties
of the total volume. The two areas of slightly warmer rock identified by
Williams and Von Herzen could generate local convection cells that could
facilitiate vertical mixing to the mid depth range. These two areas of warmer
rock are the significant thermal features on the lake floor and cannot be
affected by the activites of man. Therefore, additional legislation to protect
them is unnecessary.

*Uniqueness--Crater Lake is among the highest, largest and
deepest caldera lakes in the world. It is known for its
blue color nearly pure optical properties'and extreme water
clarity."”

Response--These statements address the lake not the thermal features. The deep
blue color is a result of the clarity. The apparent 25-30% loss of clarity in a
15 year period réported by Dr. Larson (Larson, Douglas W., 1984) will cause a
change in color if allowed to continue. Any thermal vents, if they were
present, would add to that loss of clarity by providing nutrients to the lake.

Significance Criteria: 2.

"Scientific and geologic significance--Studies indicate that
thermal springs feed the lake from the vents located on the
floor of the basin. Bathymetric and temperature surveys
are needed to characterize the contribution of these vents
to the lake's water quality. Crater Lake resembles the
primitive ocean. It is ideal for limnological studies and
is a prime example of a caldera lake. It is an isolated
system which approximates a closed system and provides a
laboratory to investigate environmental disturbances from
outside influences such as atmospheric fallout."®



EXHIBIT 1 Con't.

Response--The statement that thermal springs feed the lake is misleading. The
only data that may suggest the ascension of thermal waters is the 0.15°C above
ambient lake floor temperatures that Dr. Williams recorded. This slightly
thermal (3.64°C) water was interpreted to be lake water convecting downward and
back upward within the lake subfloor (Williams, D.L., 1983). Therefore, the
term "feed the lake" is incorrect, since no extraneous water source was
suggested by Dr. Williams. That is why Dr. Williams has repeatedly stated that
activity outside of the lake cannot effect the thermal features in the lake.
The less than 0.15 C anomalous temperature could have been just as reasonably
interpreted to be conductive heating of lake water from warmer rocks below the
lake floor, without convection of lake water in the subfloor.

Crater Lake bears no resemblance to a primitive ocean. The lake had initially
higher salinity due to fumarolic activity at the time of caldera collapse and
has become fresher with time. The lake is now fresher than any primitive ocean
could have been. The oceans became saltier with time and, therefore, the
comparison is unfounded and illogical.

Thermal vents occur on the ocean floors where the oceanic crust is being rifted
away from the spreading centers at about 1l0cm/yr and active faulting is
commonplace. The floor of Crater Lake Caldera is tectonically quiescent. Hot
springs are relatively short-lived features due to self sealing by mineral
precipitation. The cold lake temperatures and tectonic quiescence of Crater
Lake make it an unlikely place for hot springs to persist.

Although Crater Lake is definitely not appropriate for comparison to oceanic
settings, it does lend itself to interesting limnological studies. However, the
purpose of the Crater Lake National Park unit was not to provide a laboratory
for research, it was intended to protect the quality of the lake water.

Research vessels with outboard motors and water cooled engines do not enhance
the lake's water quality.

Significance Criteria: 3.

“The extent to which the feature remains in a natural,
undisturbed condition - The feature is in a natural,
undisturbed condition."

Response--The thermal features, two areas of warmer rock on the lake floor are
in natural undisturbed condition. This legislation, however, contends that the
whole lake is a thermal feature. The lake is not in a natural undisturbed
condition. Fish have been planted in the lake and there are current research
results that strongly suggest sewage infiltration from Rim Village may be
affecting the apparent loss of clarity. (Dahm, Dr. Clifford, 1986).



EXHIBIT 1 Con't.

Significance Criteria: 4.

"Significance of the feature to the authorized purposes for
which the unit was created - Crater Lake National Park was
established in 1902 to preserve the caldera lake and to
‘assure the retention of the lake's superb water quality (16
U.s.c. 121)."

Response--Any thermal vents in the lake would have to be deleterious to the
quality of the pure lake water. Why is legislation being proposed to protect
hypothetical thermal vents which, if present, would have effects on water
quality contrary to the purpose for which the park was established?
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EXHIBIT 1 Con't.

CALCULATION SHEET 1

Reported Chloride Concentrations, Crater Lake, Oregon
Data Points: Date Concentration Source
1912 11 ppm Phillips & Van Denburgh, 1968
l 9 6 l l 0 ppm L] . " n " L] "
19 64 9 . 5 ppm " n " L1} n L] "
1984 9.13 ppm Salinas, White, & Thompson, 1984

(Average of ;4 determinations)

Matrix for Comparison of Apparent Decline Rates

1912 1961 1964

11 ppm 10 ppm 9.5 ppm
1961 10 ppm 1 ppm/

49 Y¥Yrs. X X
1964 9.5 ppm| 1.5 ppm/ .5 ppm/

52 Yrs. 3 ¥rs. X
1984 9.13 ppm| 1.87 ppm/ .87 ppm/ .37 ppm/

72 Y¥rs. 23 ¥rs. 20 Yrs.

The Average Rate of Apparent Decline between any Two Data Points

1912 1961 1964
1961 .020 ppm/Yr. X X
1964 .029 ppm/Yr.|.167 ppm/Yr. X
1984 .026 ppm/¥Yr.|.038 ppm/¥r.| .0185
ppm/Yr.

The average of these six calculated rates
decline is .04975 ppm/Yr.

of apparent




EXHIBIT 1 Con't.

If no additional chloride were entering the lake, the chloride decline rate
could be estimated by determining what the rate of change would be (assuming the
lake to be thoroughly mixed annually).

Annual Seepage Loss: 64,400 Acre Ft.
’ Phillips & Van Denburgh, 1968
Total Lake Volume: 14,000,000 Acre Ft.

6.44 X 104 Acre Ft.
14 X 10° Acre Ft. = .0046

This ratio would be the rate of decline
for any given year if no chloride were
being added.

.0046/¥r. X 9.13 ppm* = .042 ppm/Y¥Yr.

*Averaged 1984 chloride concentration
(Salinas, White & Thompson, 1984)

This would be the rate at which the chloride content would currently be
declining if no chloride were being added. This agrees well with the .04975
ppm/Yr. calculated for the apparent decline rate from data reported in the
published literature.

NOTE: Because the accuracy of analysis for chloride determinations is about
plus or minus 1 ppm, it is acéually impossible to say whether the
chloride content of the lake is or is not really changing. The apparent
decline since 1912 is just that - apparent. However, it is illogical to
ignore this apparent decline and assume no decline.




CALCULATION SHEET NO. 2

The "estimated" flow rate of 30-150 L/sec:

EXHIBIT 1 Con't.

1 L/sec = 15.85 gal/min. = 8.33 X 10® gal/vr.

30 L/sec = .25 X 109 gal/yr.

150 L/sec = 1.25 X 102 gal/yr.
Total lake volume = 14,600,000 Acre Ft. (Phillips & Van Denburgh, 1968)
1 Acre Ft. = 325851.40764 gallon liquid U.S.
14,000,000 Acre Ft.. = 4.57 x 1012 gallons = Total Lake Volume -

The "estimated" annual flow rate compared to the total lake volume would be:

.25 x 102 gal.

)

0.000055
4.57 x 1012 ga1.

1.25 x 102 gal.

0.00027

1)

4.57 x 1012 gai.

Thus the "estimated” annual flow rates would amount to .0055 to .027 percent of

the total lake volume.



EXHIBIT 1 Con't.

CALCULATION SHEET NO. 3

From Calculation Sheet No. 2: the "estimated”" flow rate of 30-150 L/sec can be
expressed as an annual flow rate of .25 X 102 to 1.25 X 102 gallons per year,
the midpoint of this range is .75 X 102 gal/yr.

The total lake volume of 14,000,000 Acre Ft. can be expressed as 4.57 X 1012
gallons

The ratio of the midpoint "estimated" annual flow rate to the total lake volume
is: '

. .75 X 102 gal.

= .000164
4.57 x 1012 gal.

——— . = " R = — — —— — T ——— " S " > = = — - — — —— - — —— . D =D D S D D W . D b D S D > -

1 gallon = 256 tablespoons

1 tablespoon ~~ .50 0z. ~~ 14.8 mililiters

1 mililiter ~ 20 drops
The ratio of .000164 is the same as 2 tablespoons per year in a 47.64 gallon
bath tub

2 Tablespoons
256 Tbl/gal X 47.64 gal. = .000164

2 Tablespoons per year =—~ 592 drops per year = 1.62 drops per day

1.62 drops per day into a 47.64 gallon bath fub is equivalent to = 1.5 drops per
day in a 44.1 gallon bath tub.

[NOTE; You guys sure have me doing some gopfy things!




EXHIBIT 1 Con't.
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EXHIBIT 1 Con't.

I Joseph G. LaFluer, do hereby testify to the following:

I am a profaessional geologist of 20 years aexperience and have been a registered
geologist in the state of Oregon since 1977, when registration requirements were
implemented. I have been working in geothermal exploration for 12 years and
have been employed as the Senior Exploration Geologist for California Energy
Company, Inc. for 6 1/2 years. I grew up in the waestaern Cascadas of Oregon and
have beaen conducting geothermal axploration in Oregon for the past five years.
Much of the last f£ive year's work has focusad on Mt. Mazama and Crater Lake. My
background includes a working knowledge of heat f£low, hydrology, geochemistry,
and volcanology. I have been investigating hydrothermal systems around the
world for 12 years and claim a professional overview perspective.

I have carefully reviewed most of the data on Crater Lake available to the
public and have discussed this matter with all the researchers involved. I
believe the attached rasponse to be accurate and scientifically unbiased to the
best of my ability.

Dated this 13th day of March, 1987

M,{,G—. A/%«/

Joseph G. LaFleur,
Senior Exploration Geologist

No. G 51
X

Stoioast
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March 20, 1987

Director, NPS

Attn: Energy, Mining and Minerals Division
(WASO 480, Room 3223

Main Interior Building)

National Park Service

P.0O. Box 37127

Washington, DC 20013-7127

Attn: Pamela A. Matthes
Environmental Protection Specialist
Land Resources Division

Dear Sirs:

The statements California Energy Company submitted to the National Park Service
on March 14, 1987 in response to the February 13, 1987 Federal Register listing
of "thermal features®” focused exclusively on Crater Lake. We would like now to
provide further comment on the broader issue of what the Section 115 bill
addresses. We regret that this letter was not forwarded during the brief two
week response period designated by the National Park Service, but we hope its
content will be evaluated in the final decision making process.

In point-of-fact all features within the National Parks are already protected by
a myriad of legislation. The intent of Section 115 was to identify significant
thermal features which are "likely® to be affected by geothermal development
outside of the parks. It is unfortunate that the objective of Section 115 is
lost in the ambiguous and expansive National Park Service definition of "thermal
feature.” The NPS listing of "thermal features” includes a variety of volcanic
landforms such as craters, calderas, ash deposits and volcances. To suggest
that these landforms could benefit from additional bureaucracy boarders strongly
on the absurd. It appears equally unnecessary for the NPS to list parks in
places that are of no geothermal interest or development potential. To suggest
that remote springs in Gates of the Arctic National Park or huge volcanoes in
the Wrangell Range of Alaska require added legislative "protection” is grossly
incorrect. ,

If Section 115 is to have any relevant credibility, it should focus on
hydrothermal surface manifestations that are viewed by the tourists and that are
"likely® to be affected by geothermal development. Surface manifestations
including geysers, hot springs, mud pots and fumaroles are of public interest
and could be affected if tapped directly. Few, if any, of these types of
features in the Parks could be affected by any "worst case" development
scenario. The hydrothermal features of Yellowstone and Mt. Lassen are the only
ones that may be applicable to such worst case consideration. Under the
consideration of "likely" to be affected, there are no such features in the
National Parks that are being threatened by geothermal development. The ’
geothermal lease applications in Island Park Caldera, southwest of Yellowstone,
are highly unlikely to be in hydraulic communication with the Yellowstone
features.

C A LI F O R N I A E N E R G
3333 MENDOCING AVENUE, SANTA ROSA. CA 95401 (707)526-1000 TELEX i} 540-744-?‘&
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Director, NFS Page 2 March 20, 1987

If the USGS interpretation of the Lassen system is correct, geothermal
development outside the southern park boundary would have to rely on limited
outflow from the park. This would make commercial exploitation for power
development impractical and, therefore, unlikely to transpire. The data from
the Walker “0" well, 8 miles south of Lassen Peak, supports the proposed USGS
model.

The objectives of Section 115 can best be administered through existing BLM
leasing and permitting procedures.

Very truly yoﬁrs,
6. ool

Joseph G. LaFleur
Senior Exploration Geologist

JLF:sr:42



