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RESEARCH CORING IN THE CASCADES
A STATUS REPORT

?

“MicheleiM: Lemiedx

(1) and Philtlip #. Wright{1) and Joseph N. Moore(l)

(1) University of Utah Research Institute, Earth Science Laboratory, 391 Chipeta

Way, Suite C; Salt Lake City, UT 84108

ABSTRACT

The High Cascades volcanic province

has Tong been suspected to contain

considerable geothermal potential.
However, few deep wells have been
drilled, and much of the data that have
been accumulated are proprietary. In
response to the need to obtain a better
understanding of the Cascades region, the
U.S. Department of Energy, Geothermal
Technology Division, sponsored a coopera-

. tive research program with industry based

around obtaining data from research
coreholes. This paper is a progress
report on the three coreholes completed
to date, including a summary of drilling
histories and a description of the scien-
tific studies underway and of the open
file data available.

INTRODUCTION

The Cascades 1is an area with high
geothermal potential, but with few
surface manifestations. The Tack of
widespread surface geothermal activity is
generally believed to result from the
masking of systems by downward and
lateral movement of cold meteoric-water.
In 1986, the U.S. Department of Energy,
Geothermal Technology Division, initiated
the Caldera Reservoir Investigation
Program to evaluate the effects of the
near-surface hydrologic regime and to
obtain lithologic, hydrologic, and
structural data on the Cascades.

. The DOE program has four main
elements: . 1) cost sharing with industry

in coring research holes; 2) acquisition

of lithologic, geophysical, and hydrolo-
gic data within and below the shallow
hydrotogic regime; 3) data interpretation
and integration; and, 4) open file
release of data and core, as well ‘as
publication of technical reports and case
histories.

Summaries of drilling histories and
descriptions of the available data and
scientific studies are presented in this
paper for ‘three holes drilled under the
DOE program: Clackamas Thermal Gradient
Hole #1 (CTGH-1), drilled by Thermal
Power Co.; and GeoNewberry holes # 1 and
# 3 (GEQO N-1 and GEO N-3), drilted by GEO
Operator Corporation. CTGH-1 is located
approximately 10 miles north of Mt.
Jefferson, while GEO N-1 and GEO N-3 are
located on the southern and northern
flanks, respectively, of the Newberry
volcano. Figure 1 shows the location of
these holes.

Marion Co.
tion Co. {

!
Lina Co. | )
H 5
4 {
Jefferson Co. }
4 MIEE}
N b
| 1 7
10 om, 1 i
— ) £

Figure 1. Location map of core holes.

CORING SUMMARY
CTGH-1
CTGH-1 was rotary drilled to a depth

of 527 feet, and then diamond cored to a
total depth of 4,800 feet. The hole
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required 93 days to complete; however,
only 58 days were spent drilling. CTGH-1
has not been plugged and abandoned at”
this point. The hole condition is
believed to be good so that deepening may
be possible.

There were several unanticipated
delays during the dritling of CTGH-1.
First, the attempt to run a conductor
into the top 40 feet of glacial boulders
and till was not initially successful.
Later, during the change-over from rotary
drilling to wireline coring, there were
problems setting the casing to the bottom
of the hole. In addition, the initial
test of the BOP detected a leak, requir-,
ing a new flange. Another significant
delay occurred during coring at a depth,
of 4,203 feet, when the HX rods parted at
823 feet. After unsuccessful attempts at
retrieval, coring was continued with 'NX
rods, and the HX rods were left in the

hole as casing. This precluded the ,

collection of,a full suite of geophysical

logs, since some lo0gs can not be run in a

cased hole. Finally, at a depth of 4,800

feet, the U.S., Forest Service shut down

rig operations because of a Class E fire

risk. The results of a temperature survey -
run nine days -after the shutdown, in

which the bottom-hole temperature was

found to be 999C (2100F), led to a

decision not to4dr11]\¥¢a_

tonnnwne
GEO N-1

GEO N-1 was rotary drilled to a
depth of 487 feet, and then diamond cored
to a total depth of 4,550 feet (Swanberg
and Combs, 1986). Data and core obtained
to a depth of 4,000 feet are in the
public domain. Drilling progressed
smoothly; out of the 59 days required to
reach a depth of 4,000 feet, 54 days were
spent drilling. GEO N-1 has been schedu-
led to be plugged and permanently
abandoned before September of 1988.

There were only a few minor problems
in the drilling of GEO N-1, During rotary
drilling, the rods parted, leaving the
rods, sub and bit in the hole, and
requiring removal with a tap. An addi-
tional delay occurred during the change-
over from rotary drilling to wireline
coring, when leaks were detected in the
BOP.

GEO N-3 \

GEO N-3 was rotary drilled 'to a depth
of 454 feet and then diamond cored to the
total depth of 4,002 feet. Of the 60\days
on site, 46 were speant drilling. GEQ N-3
is scheduled to be plugged and abandoned
before September, 1988,

-

There were several technical problems
encountered in the drilling of GEQO N-3.
Durinmg the change-over from rotary
drilling to wireline coring, the initial
attempts at cementing the casing were not
successful, In addition, the 80P tested
negative due to faulty equipment. One
significant problem the other two holes
did not have was copsistent caving in the
cinder/ash units. This was particularly a
problem when pulling out of the hole to
change bits, In one instance, the caving
caused the HQ rods to.stick. After futile
attempts at retrieval, as well as a loss
of 138 feet of previousiy drilled hole,
the HQ rods were cemented in place and
the hole was reentered with NQ rods. Once
again, this limited geophysical logging.

Comparison of Drilling Histories

Depth penetration profiles are shown
in Figure 2 for the three holes. The
overall daily penetration rate for CTGH-1
was 88 feet/day. For GEO N-1, the overall
daily penetration rate to 4,000 feet was
69 feet/day. Finally, for GEO N-3, the
overall penetration rate was 68 feet/day.
According to Thermal Power Co. {1987), no
systematic relationship between penetra-

tion rate, rock type and/or degree of’

fracturing was discerned. This seems to

apply to the Newberry volcano holes as

well. :

Core recovery was excellent in CTGH-1
and GEO N-1, averaging nearly 100%. In
GED N-3, core recovery was equally good
in the basaltic-andesite flows. However,
GEO N-3 had several thick sections of
cinders and ash where core recovery was
significantly lower., During rotary
drilling of the upper portions of the
hole, cuttings were collected only in
CTGH-1. There was continual loss of

circulation during rotary drilling of the

Newberry holes, with no returns.

A detailed itemization of project
expenditures for CTGH-1 is given in Table
la. Approximate expenditures for GEO N-1

and GEO N-3 are given in Table lb. The -

overall unit cost for CTGH-1 was
$95/foot; for GEO N~-1 the overall cost
was $72/foot (not including logging and
demobilization); and for GEO N-3 the cost
was $90/foot.

DATA ACQUISITION AND AVAILABILITY

A significant amount of data has been
obtained on the lithologies, temperature
gradients, and hydrologic regimes of the
areas penetrated by the coreholes. Sim-
plified lithologic columns for CTGH-1,
GEO N-1 and GEO N-3 are given in Figure
3. For more detailed information, refer
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CTGH - 1 ' GEO N-{ . GEO N-3
Drilling Time (Days) Drilling Time (Days) Drilling Time (Days)
" 50 100 50 100 50 100

)

1000 1000

2000 2000 2000
N 2 2
N ! <
< < <
= 8 2
& 3000 & 3000 < 3000
v
4000 4000 4000
. 5000 5000 5000

Figure 2. Depth penetration profile§for CTGH-1, GEO N-1, and GEO N-3. Information
-based on daily drilling reports in open file data.

TABLE 1la.
TABLE 1b.
Detailed Itemization of Expenditures for : /
CTGH-1 (based on CTGH-1 Final Technical Estimate of Expenditure for GEO N-1. and
Report by Thermal Power Co., 1987). GEO N-3 (based on daily drilling reports

) by GEO Operator Corp.)
ROAD, SITE AND LOCATION'.$11,544.00

RIG MOB/DEMOB $10,000.00 GEQ N-1 - GEO N-3
RIG $296,807.00
TRUCKING & HAULING $£3,890.00 RIG MOBILIZATION $3,000 $8,723
DRILL SITE GEOQLOGISTS $26,560.00 ROTARY DRILLING $31,953 $24,957
MUD & CHEMICALS $24,618.00 CEMENTING CASINGg~ ,
CEMENT MATERIALS $9,141.00 INSTALLING BOP $17,830 v 33 500
GEOPHYSICAL LOGGING $10,032.00 WIRELINE CORING  $233,776  $255+46% .9(5,64\
DRILL BITS & TOOLS $23,493.00 LOGGING AND
QUTSIDE LABOR $1,424.00 DEMOBILIZATION ? $37,619
OTHER EVALUTATION $6,958.00 e mm e e e ae e m
OTHER $14,125.00 TOTAL COST $286,559 $360,443
CONDUCTOR CASING $419.00 (to 4000") ’
SURFACE CASING $10,589.00
WELLHEAD EQUIPMENT $2,589,00 OVERALL COST/FT $72/FT $90/FT
CAMP & CATERING $4,271.00 :
TOTAL: $456%100 to the open file reports. In general, the
QVERALL COST/FT = ' S456¢§ﬁ74,800ft lithologies are similar, consisting of
= $95/ft ¢ ! basalt/basaltic-andesite flows. All of

the holes have interbedded pyroclastic
and volcaniclastic units. In GEO N-3,
these units are thicker than in the other
holes, and since they are poorly con-
solidated as well, caving occury, sefore

) N .

A

e e



. ges~ ws wecuciairceu 11LH0OI0GIC columns and temperature-depth profiles for CTGH-_
N-1, and GEO N-3. Temperature-depth curves based on Blackwell and Steele (1987); MRT

data, shown by "x"s, from open file reports. CTGH-1 and  GEQ N-1 1lithologic columns
modified from Sibbett, unpublished data.

_,5 : cep ’ gradients increase and higher temperature
the drilling of AN-3 that was not present are recorded. We suggest, based on these
in GEO N-1 and CTGH-1. measurements, that the lower boundary of

the cold water regime is located at

Figure 3 also compares the tempera- =~ depths of about 3,600 feet in-GEQ N-1 <

tures measured by Blackwell and Steele GEO N-3, and at 1,600 feet in CTGH-1. )
(1987), with those recorded using a h .

maximum recording thermometer (MRT) Comparison of the thermal profiles

during drilling. The temperature with the lithologic logs demonstrates

profiles for GEO N-1 and GED N-3, after .that fluid movement may be influenced by

v allowing the wells to stabilize, appears rock type. For example, in GEO N-3, flow

& to reflect intra-hole fluid flow (Black- out of the wellbore occurs:-around 1,800

é}g well and Stegle 1987). In GEO N-3, they to 1,900 feet in an unconsolidated cinder

w suggest that the temperature distribution and ash unit. The water appears to enter

results from upward movement of water -in- this well in interbedded pyroclastics and

-—) . the wellbore. Similarlyfthe thermal basalts. Additicenal information on GEQ N-
profile of GEO N-1 could be produced by 1 and GEQO N-3 is given by Blackwell and
downward flow of water within the Steele (1987). GEO N-1 has also been
wellbore. summarized by Swanberg and Combs (1986).

Since temperatures measured during Geophysical well logs were run in all
drilling may be recorded before any sig- three holes shortly after hole comple-
nificant intra-hole fluid flow had begun, tion. In both CTGH-1 and GEO N-3, it was

.} MRT date should provide a&®‘indication of not possible to obtain complete logs due
the depth to the base of' the cold-water to the casing. Table 2 lists the logs
hydrologic regime. Figure 3 shows that ~ available, and the corresponding depth
the MRT temperatures are nearly constant intervals.

with depth in the upper portions of all
three holes. Below this zone, the
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TABLE 2.

Geophysical Well Logs.Available., For copiés contact: Rocky Mountain Well Log Service;

P.0. Box 3150; Denver, Colorado 80201.

CTGH-1 GEQ N-1 GEO N - 3
TEMPERATURE 16 ! 516.5.ft; O - 4785 ft 0 - 4000 ft 50 - 4002 ft
CALIPER 10 - 514 ft; 4100 - 4800 ft <0 - 4000 ft ~1690 - 3999 ft
GAMMA RAY - 4800 ft 0 - 4000 ft 50 - 1692 ft
SPONTANEOUS 35 - 516 ft; 4200 - 4798 ft 0 - 4000 ft --
POTENTIAL .

RESISTIVITY 5 - 515.5 ft; 4200 - 4799 ft 0 - 4000 ft -

16" - 64"

INDUCTION -- 0 - 4000 ft --
ACOUSTIC 225 - 4425 ft 0 - 4000 ft --
ACOUSTIC FRACLOG C - 0 - 4000 ft 1700 - 4001 ft

NEUTRON 0 - 4800 ft

GAMMA - GAMMA

DENSITY
INDUCED

POLARIZATION 4200 - 4799 ft
LATERALOG / 4200 - 4798 ft

DENSILOG, NEUTRON ‘ --

GUARD RESISTIVITY 20 - 514 ft

Analysis of the well logs is present-
ly being conducted. There are several
other scientific studies underway on the
three coreholes. Table 3 1ists these
‘studies as well as the entities that are
conducting the studies. In addition, an
attempt will be made to obtain a fluid
sample from GEO N-3 before the hole is
plugged and abandoned. .

A summary of open-file data is given
in Table 4. Core from the three holes is
also available for inspection at the
University of Utah Research Institute
sample library by appointment,

An additional core hole 'has been
drilled along the east- side of.Crater
Lake National Park, Oregon by California
Energy as part of the DOE/Industry cost-
share program (located south of area
shown in Figure 1). The hole has been

-- 50 - 4000 ft

0 - 510 ft; 775 - 900 ft. - -

- 50 - 1692 ft

§1C, £25.9°7)
' {400

drilled to approximatel} 55807 feet, with

a temperature at TD of (Blackwell

and Steele, 1987). However, drilling has

been halted while possible effects of

geothermal development on Crater Lake are

evaluated. Some of the issues surrounding

this evaluation are discussed by La Fleur

(1987) and Sammel and Benson (1987)., If

continued dri]]1"gvii—iﬂﬂgﬂfﬂﬁﬁigﬁ%ﬁi—’/

and dataysimilar to¥icquired ogq e other

holesprunder the  DUE cost-share program”
(—ﬁﬁ’?

hole.

ecome available for the Crater Lake

dnile d

SUMMARY -

As part of a DOE-industry cooperative
research program, three deep holes were
cored in the Cascades to depths of 4,000
- 5,000 feet. The main objective of the
program was to penetrate the near-surface
hydrologic regime and obtain lithologic,

;

N
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hydrologic and structural_ data on the
CascadeS that would be available to the
public. The near-surface hydrologic
regime was penetrated by all three holes,
and the appropriate data collected., At
the present, studies on these three holes
are still underway.

Table 3.

Scientific Studies Underway 2} Reported

NS
O S
o
eagv e
CTGH= GEOQ GEQ
-1 N-1 N-3
HEAT FLOW SMU SMU SMU
: GEO GEO
DOWNHOLE Hg -- GEQ GEQ
ALTERATION USGS UsGs USGS
GEQ GEO
VOLCANIC DOGAMI Univ. Univ.
STRATIGRAPHY of Wyo Qf Wyo
CORRELATION OF UURI UURI UURI

ELECTRIC LOGS WITH
ALTERATIONFANALYSIS
OF WELL LOGS

GEOCHEMISTRY OF -- GEOQ GEO
FLUIDS AND ROCKS .

AGE DATA .- GEO GEO
PETROGRAPHIC -- GED GED
ANALYSIS

SYNTHESIS OF DATA DOGAMI  -- --
TO DEVELOP MODEL

CORE STUDIES UURI UURI UURI

SMU - Southern Methodist University
GEQ - GEO Operator Corp.

"USGS - United States Geological Survey

:Lh, DOGAMI - Oregon Dept. of Geology and

and Mineral Industries

60?1 “JUniv of WYD - University of Wyoming

Dept. of Geology

UURI - University of Utah Research
Institute - Earth Science Laboratory

Table 4.

Opéh File data available. For copies
contact the authors. .

CTGH GEO GEOQ
~1 N-1 N-3

DAILY DRILLING X X X

REPORT

CDRILLING AND ' X
COMPLETION HISTORY

LITHOLOGIC L0G X X X
CORE RECOVERY L0G X X X
CORE PHOTOS X X
TEMPERATURE DURING X X X
DRILLING
STANDING FLUID LEVEL X X X
TEMPERATURE LOG X X

GRAPHIC DRILLING LOG X
(lithology, temp.
from MRT, penetration
rate, water level,
tost circulation

zones)
SECONDARY MINERALOGY X X X
DESCRIPTION

HOLE COMPLETION X X X
SCHEMATIC
TABLE OF MEASURED . X
THERMAL CONDUCTIVITY

FINAL REPORTS X X

ACKNOWLEDGEMENTS

This program has been supported by the
U. S. Department of Energy, Geothermal
Technology DBivision and Idaho Operations
Office. Marshall Reed and Susan
Prestwich of DOE have managed the
program. UURI has been supported under
Contract No. DE-AC07-851D12489.

REFERENCES'

Blackwell, D.D., and Steele, J.L., 1987,
Geothermal data from deep holes in the
Oregon Cascade range: Geothermal
Resources Council, Trans., v. 11, p.
317-322.




La7Fleur, J,G., 1987, Legend of the

. Crater Lake hot springs; a product of
model mania: Geothermal Resources
Council, Trans., v. 11, p. 267-279,

Sammel, E.A,, and Benson, S., 1987, An
analysis of the hydrologic effects of
proposed test drilling in the Winema
National Forest near Crater Lake,
Oregon: Geotherma) Resources Council,
Trans., v. 11, p. 293~303

Swanberg, C.A., and Combs, J., 1986,
Geothermal drilling in the Cascade
Range: Preliminary results from a
1,387 m core hole, Newberry Volcano,
Oregon, EQS, Trans. Amer. Geophys,
Union, v. 67, p. 578-580. -

Swanberg, C.A., Walkey, W.C., Woodruff,
M.S., and Combs, J. 1987, GEO Core
Hole N - 1, DOE Phase Il Submittal-
Cooperative Agreement No., DE-FCO7-
851D12612: open file report submitted
on 12 May 1987 to Idaho Operation
Office, U.S. Department of Energy.

Thermal Power Company, 1987, Cascades
geothermal drilling, Clackamas 4,800~
foot thermal gradient hole, final
technical report: open file report
submitted on 30 September 1987 to

~Idaho Operation Office, U.S. Depart-
ment of Energy.

LEMIEUX, . WRIGHT .AND MOORE




B do i3\
_©0OveraW\, thre “tre progranc

@3 e hoLe_s_we,ce_.

A

_Buacess S’m.h_mack‘euwx%_éds_mg_\mob&&n\)&_,_

4 m Hagt eon ! . i3
__and estauned Sulentfe dotaan Tey), |t w re,
Tthat- s aw%u,_-tb_ 2 poblC oSt
@ Hopefullay tas_in Form: aﬁ wd__encmcc_«%@(rcsca@amiaap loratrom.
_ inthe (gs caa(as_re%cm




ISERe

_ 0 _ﬁ&\:_a_\x_\_eéé_sgmmag_oﬁ_m_oes@_gmd:mmat_es_am Al Lﬁuble ondhe
3 s, ' |

___@_Copla.s_é:o._ an S\ beccan e obtraon Crana LORT .
__ @®Tnoadh _\.g %le_eor_'\\%‘ms.p crna =Y VUEE
cample _hbva iy | |

_®__MAEA_E€<<O.Q‘$_<€OL.&_%MS_ W 90d summarics
o_&d_fuakt\%kbe%md_ap_ lo A Zhicaned |

e
_G)_@u;{-.;%\hp;nﬁ.\_mﬁhw_ﬁdmmébogzﬁmti& hoﬁ Crater loke
_ Paronal Yarle by (SCT  underthe 00/ et 8h3re prgEm.
__&u 'Lc\i(z.\,a_(;.HIO%E.IO]EC_Q:I:_L‘EOO_;_CLERLQ. M&ah&&h&iéﬁg_ e,
- nokonlu A0 erhs e _%mchg_. dEBAZ U oioh B researl.,
@ HowsJer, Ndtvidg s begn' Tigpende ossrhlo effects
__OFCGeothamal dovelopimant-em. (rater (3. [~
@D Severa) studies_have been compleled Haat mdicale drulling s
. Ol _hawe_no effecton Ueatec | ake, ~ '

- BTk 15 3ko aur assessment—that s veseachcoeide | nokdamage the.

oSNNI, o chroversy-remaing and-the fudure of-Hha Grter Leka ke le-15 Una st




T

_®_Tbe,_h\qb_(asc.a.de§_hg_vem o since. been  SUSPECTED 4o condaun
Cons hd&(é\)lf._G&)Wma\ POTENTIA L,

(@) _Tn_response, toxa tMWA@BML&@e&MQ@M,@F_MCmmd&_

_Teqom it Dot 0. Teclan, Oiision_sponsored @ COORERATY VE._researd:
—_ Rogca am.@gf_\f_\._m&ue.g,,_&%ﬁbmos\ abtaiqing dad d ke oo RESEARCH (OREHOLES,

O_mxipmsmhm’jfz_& \zﬁ‘_@;@*ﬁf«% 3 torlanlos_completed Yodal

_©_Alhougla ¥nece \‘sﬁ mbc\rou\zzma‘ IHGT 1AC \“mcgscade% Mercave o)
F_suckace Manleshe bons 7
@ Tus s _velewed to cesott Cro ;\Z the maslcing of SYSTEMS by downw) aqg_.

anc&.a_l.e(a_LmovemfA__‘(z&_@l_d_BLT&o Ry uoad-e,r ‘
,,_®~O&§.th,m~ an,_ ORFE(T . o
__ & ‘\’O Q.Ua\bkcdﬁ Mf\t -y HALARH YD OROL (C . __(,O__ @o(#&% req?em

B B Rg PN cORTAN™ ' el cmci .—eseasrdr\w mang

@Ik\o,_o e NG OBIECTING .« s_iﬂ_m\ Led-_.c.eahg *C«._noj-_mh onthe
méaro_ o REGIMES b _anmﬁsmo A and LITHoL0 /c;&? o#mc@.scaohs as__.
et ThS pro m..«q_ w9 -2 NN e, DOE Spated gb D&E&S’u
oot inoared s Adetng Lo%eg»fﬁ-m addon—+to-50 -
Ose\g_mLXNmm > o€ LOOreANg O m’se,r@eﬁ,\w\w#n@ 0 \QG Q;?—POQTS

NPT | o loatod an DUEAY G e ~sele il







suoe3] '
@JMLm_MMegQ_B_L&%_CDMQL&TtD o date

_ @ CTer=| pdihivdas deitied ty Feemal Bowee Co.., toceded apprex 10 miles norta__

__ELMQ%?& whule G &o M-l and GEON-3. boﬂrs_&_n_ecl by GEO OPERATOR.

__ 5 areloxoted oh the "\\6 ﬁ%&ﬁf \C

@ creh4 _hes | %@u} "?—L\ Haat wndlcdbe M&LL@M \
%fad,;e_m_\dm 5\5 i
¢ o lioudy GEO N also_has ot Qlow_thek wndicaltes Geotharmol Bl
GDGED N-3 ontha othar hand, Loncans \ecoted more. DISTAMT S the wnlcanic
nkte than GEON-, does not INDLCATE. presence df _CA_GQ.OM_\&_MCJ&C&LQTFF

s roebypeal ofgeon gesthereal s%taluvs..\r\_(n.smdps




{s\nde ) - ,
_®_Gar:..tccoge¢c%.uxub_€x¢e_\Lm;\f_\ A\ theee oles . The \OWER walug on GEON-d s
due 46 thhe SMGA_QMLMQLLQM_QMQM_»LL“&S_W%&, wWhich Wm&

—— s Cucan {_dore [retovex . sadie Ond Howrs
__,\ 2 OV T—DeNX Y 3 U F _&%k‘b oD _m.\(a_\as_of—_\aow_dm\hn%ﬁ_&%%gﬁ
—andTUOSTR AT &

ro 2 Feck Op&ﬁs oot spent dalling due to technical

deddents, dee o WA QY 4\ )

@) Acordung o Thaa Ricrer G Ghal Refort on_CTEit=l_as SRSTEM fric

el sap R PENETRATION rate, rock, dype andor degrer of fimcurng.

Was dusemoad, Thus ceems 4o apply to the Neudbrmy Wdlcano BdleS as well

B GO\ TIONAL_walocmahan_on tae Dlling lustories ofthose 3 holes
_refectdo the open Ble_reports.




[suoe d) '
__ 0 QW et were ROM Arled 3o_app . 500 andthen diamond CORE D 4o ool Depth .
__©_f-¥us ponk, CTeH-| has ot yek been plugged and abondomad . Hole condidzon

5 B L\EVE0Ck by poud fothat-deen be possible.,

BGe0 M=l and G3 b Toe Boeddled SoeEepgeb aed briodanad <ous gaar,
| | Y com ble
_G;Q&&L\._ic\lhma_vm%fm_SMQtzﬁi:L\f_ Mo oaon del\ng_proble s gre
____summarized ::jg\r_\k (: % Lj .
) o Mung condub :L@EC(_@ o o’/GEON-Land CEQN=3 (unthe
— regyonal_uxder tebla_was @AUCOONT \&_éﬂrmmnhﬁ be a2 \NCOMPETANTT

As nsSom&leA wWith, the wxder dable .

_® Coviy me%oC ny :
__._dee&_xlp .
NHONE
A Lg-.k,\ \ZEo(
-_®.__G_€_QJLJ_:L,_
L (M@Mgﬁ&mfw LA

@) TN Gniasuiahr- - f,_Qam&Mch_v\szf_OtG \:F—&ula_g

R eSO dong st Crd e Lo e el




The Rivernowse - 03RRI ase

o ﬁﬁ&wx>
3015 N, Hw\@qT
Bend , Oregor
770 |



——
e

Euoea)
— O T CTer= b e . \recu‘dc&&m_\f\g‘_a_\gbhac& bkégg_u&t(jhgm_la%_XS \(\gm,>
—_as wel asthe T=D prfale_cecordad 6+ Blackwell indiceke e

—ofthe cdd yrler regume \6 anomw \eno‘ '

O Ths 15 ahHud *_ﬁ res
W shau _cu_% al pr (l\ Leﬁ_o.u.o_ 3
.@‘“\o— o b le shows_a. conduchive. ree,

@ e \’vc—W\Qx?ma A recame 150, 00od . indicahon. o@ ow dﬂﬂﬁ -tﬂw, G
 eold_medennc wder exlends. 4o R
@ NOTE et thare ﬁ::_;\:g__som.g,_u‘n:\m,ob_c wﬁt@&a&#m’\)

ik the_end of o ¢ %&Q ater — this partuler (FORAZH N
s fadtuscd and_un@iEslid_and pechaps couses tha. cold WARTERS
—_begin to Hows (aierallg,’_cm_,ag d@@nwcxr‘d .




—Quoea)
_®M.an&uogwdmlo%;;&%m_&g4&_m&m&m_zm RO
veluane heoles 660 N-l, o GEON=-3
@ Foc o._parhwlgi&‘_qood AiscusSion_ oL the “rain_curtoin' e_EP_ec:‘r x_
wge._you. 3 Yo _cead ' core boledvilling gnd the Yrain_curtas n_"_____
———prenomenon. 81 Ned beony Vokano, oy Oj__b‘a,ﬁoan berg, Walkey andlombs_
A In_GEON-3 , thopost_ mple:boo.__sg__r‘ve«.’_ma% re-£s ed— it _hole
£1ow, most—like) ()Pu)a macrRmMen h Y ”"“)f’v audus
of Lo hole - 7 IR D
Itap_pearsmm_b—ww The Fale_Bround 5300_1, uad]
exitng tne hole. ot 1900 i a thude £hon o incompetant ode,
__ (B Inthis amse, the MRT data_ace_perhaps_a.more accuratl
ncdicahion o f the_exleat oFthe:coldwwalter o ey M, SINCE NESE
were maasuree]durin dnth am!?.um_momte&_ee{?oﬁ_w____
LAANAL v\,-l-_m-ha_bp__ A < -Qouph&cg —
. _ae{z@&_&@o_-d:\gﬁm@.&aiu__@eq_an__n m%_élgm_(ay_&l(.?
verty sothormal readings = tnis 1s | |1:€.Lg_:dm€._&c:ler_\i'_o@:d@
van curteun Lo s hole.




(‘5\\0& \\)

__G),.Geopme\oou\_gx/&\_\oqs oere QUN ol 5 mb:s_sm r:\:&*&(_q%gv;ws\o_cwu@(d'\m\
In_CTor=\ Z_ logo! \M_WM&M_&QL
DThe Fweet oan was PAOC Muh._. i ’1:~ég._c_kewe

_@)_ On_the S5SCON0 vun G mﬁlc}tﬁg_ck,_if’ ngfao_a)&s lim AQJ) erthor Au ‘Hhe
00666 S ob dr |l ks thatioere (e in the hole or by, HHEH BT

de B).. : \ A
— O TocezoN-\, the pi e 0 nd »‘K‘-ohc\?g___ Jpoke Gereed -
o%%mq_}; '_’5‘_(3_ D Oi\ﬁ ( c_o%c e
C)ﬂm WS o IR " otraiis tsgonbided it Do and the

oo of \coswag an 1066006 TO0L and. gerhaesthe enlve COQEHOLEWES
__Too oreat 4o loa, over thus_inderual. T
@JW\Q_@Q%_\»Q& puMad 4o Hao base of s INCoMPETHIT SECTIOV; cmco- _
___the cmaundec of bele lefd-pen., 1065 dorre thon un FEoNERE A5 gRFE
,,__O D Theloys were ain sqain From the. buse_of The surtacs Qsing: o
5 {M he TOP of tha (. ompetant sechimo
EErER (03 qud st had b ecemented n place wH. b&.d_(Lﬂz, and \H\\S’ -
~_,@\Or‘cﬁ wih o reduced corehole 512 | i logqing Hatcould e done

LUQ%DLP qouare interested]_(n copies of Hsse legs, thay. can be obtamadl Pom—__




@07 15)

@ There_ore. sevemh Sienhlc ¢ éhm‘_&»gﬂd.em%gnihase_&mmm\m, :

@ R‘QEC.‘(-’:\O\D_Mbes_\\o»ug_bem_concﬁmw.é%&n_bmmdme\\ of SMU_on.alh
e hdus - and by G20 OPER ATOR._(ORL for- GE0 N and €e0 M=

_®_Urecohon aas ! been_axdensively sudied s\am VS6S., Tin EACT.
— A paper_uus pr resented atthis (onLrencd on MONRAN hu_.

~)

—keadds Bager on e SEONOKRR el cof core Lo, CTém—l

HCI&S7eN oP@rﬁ_@_ms ‘ |_asdetau r%_{gof. ofalleration
—_ iiblag, of G0N oS St

B.lo6 analiy st 5. betrg s eaL%‘;‘dU - e@mm;@\ouhméi\&ps__
_bekween physical poperhies of mcts 3 _logs

®x0 6c0, M‘Lano(,f\)_i,_éio oferrmR studied wlabonships of the

__Reei00A nudologie reoumes tisttatae log.s, A geod discussion
_and. vesem_\uhon_o:&ala s tuw_iﬁe%_ﬁ_&__h__lg_ﬂ_t_r_qai‘ss___

@ O%QA’YDQ has alse comp @M@é.mi&é&%&ﬁﬂ{_aéd
Auds e roc_lcb_czé_l\lgl_%éﬁ:i_m_aﬂlhm ae. iaﬁ_n@_anﬂ d Q_,__
_Petoguapnic omslyss

ctaslel £ l
,@5—@& \{r\brttssbs\e%gmierfah odl Pola, n%oa—% . meé (Caamdpmm —jquwéﬂ—

Dvc\rrvcmam @uh%ﬁﬁ’fﬂebq Pﬂr\ eriAda T A HATS 7rbi [ostnes




