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ABSTRACT

The High Cascades volcanic orovihce:"
contain -

has long been suspected to
considerable geothermal potential.
However, few deep wells have
drilled, and much of ‘the data that have
‘been accumu]ated are propr1etary “In

response to the need to obtain a better

understanding of the Cascades region, the
.Geothermal:

U.S. Department of Energy,
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-
including a summary of dr1]11ng*

to date,

" histories,awd a description of the scien-

A

~

'gic data within and below the

~tific studies. underwa% and <~ the open
f11e data available. _ :

INTRODUCTION

The Cascades 1is an
geothermal potential, but:  with few
surface manifestations. The lack 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.
Geothermal Technology Division, initiated
the Caldera Reservoir Investigation
Program to evaluate the effects of the
near~-surface hydrologic regime and to
obtain l1ithologic, hydrologic,
structural data on the Cascades

The DOE four main
elements: 1)
in coring research holes; 2)

of Tithologic, geophysical,

progranm has
cost sharing with
acquisition

shallow
hydrologic regime; 3) data interpretation
and integration; and, 4) open
release of data and core, as well as
publication of techn1ca1
histories.
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.descriptions
scientific studies are presented

"Power Co.;
# 3 (GEO N=1'and GEO N-3), drilled by GEO
Operator Corporation.

been

Jefferson.,

area with high-

Department of Energy, -

~and,
industry
and hydroelo- -

file .

reports and case

“Summaries of - dr1111ng h1stor1es and..
of the .available data and

in this

paper for three holes drilled under -the
DOE program:. Clackamas Thermal Gradient
Hole #1 (CTGH-1), drilled by Thermal

and- GeoNewberry holes # 1 ‘and

CTGH-1 is located
approximately 10 miles north of Mt. .
while GEO N-1.and GEO 'N-3 are

qd -

. located on. the southern and northern
. flanks, respect1ve1y, of the Newberry
_ vo]cano Figure 1 shows the location of
~ these holes. '
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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,tompleﬁe;.h0wevér,
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 deepen1ng may
be possible. .

There were several"’ unant1c1pated

delays during the drilling 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 geophy51ca1
logs, since some logs. 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 990¢C (210°F) ‘led - to a
decision not to dr111 ' -

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, -Teaving 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 spent drilling. GEO N-3
is. scheduled to be plugged and abandoned
before ‘September, 1988,

69 feet/day.

fracturing was discerned.

"GEO N-3,

There were several technical problems
encountered in the drilling of GEO N-3.
During the change-over from rotary
drilling to wireline coring, the initial
attempts at cementing the casing were not
successful. In addition, the BOP - tested
negative due to faulty ‘equipment. One
significant problem the .other two holes
did not have was consistent 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 prev1ous]y drilled hole,

the HQ rods were cemented in place and
the ho]e was reentered with NQ rods. ‘Once
aga1n, th1s limited geophysical logging.
Compar1son of Dr11]1ng 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

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
This seems to
apply to the Newberry vo]cano ho]es as
well. : :

Core recovery was excellent in CTGH-1
and GEO N-1, averaging nearly 100%.
core recovery was equally good
in-the basaltic-andesite flows. However,
GED 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

-'c1rcu1at1on during rotary drilling of the,

Newberry ho]es, with no returns.

‘A detailed itemization of pPOJeCt
expenditures for CTGH-1 is given in TabTe
la. Approximate expenditures for GEO N-1
and GEO N-3 are given in Table 1b. The

'overa]] 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 1ithologic columns for CTGH-1,
-GEO N-1 and.GEO N-3. are given in Figure
3. For more detailed information, refered
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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. o

TABLE la.

Detailed Itemization'of Expenditures for .

CTGH-1 (based on CTGH-1 Final

Report by Thermal Power Co.,

1987).

RCAD, SITE AND LOCATION $11,544.00

Technical

RIG MOB/DEMOB - . $10,000.00
RIG \ $296,807.00
TRUCKING & HAULING $3,890.00
CDRILL SITE GEOLOGISTS $26,560.00
MUD & CHEMICALS $24,618.00
CEMENT MATERIALS $9,141,00
GEOPHYSICAL LOGGING  $10,032.00
DRILL BITS & TOOLS - $23,493,00
OUTSIDE LABOR ©$1,424.00
OTHER EVALUTATION "'$6,954.00
OTHER  .$14,125.00
CONDUCTOR CASING - $419.00
SURFACE CASING. ©$10,589..00
WELLHEAD EQUIPMENT . - $2,589.00
CAMP & CATERING $4,271.00

—_—_-_....—.-_-—_—__-.--—-.______——_—_—_

TOTAL: " $456,456. ow/,

OVERALL COST/FT

e

$95/ft

$456,456/4,d

]

N\~

- TABLE 1b.

Estimate of Expenditure for GEO N-1 'and

_GEO N-3 (based on daily dr1111ng reports

by GEO Operator Corp.)

GEQ N-1 GEO N-3

CRIG MOBILIZATION  $3,000 $8,723
"ROTARY DRILLING  $31.953 $24.957

CEMENTING CASING®

INSTALLING BOP $17,830 $33,682
WIRELINE CORING $233,776 $255,462
LOGGING AND

DEMOBILIZATION = 7 ©$37,619
TOTAL COST ~ $286,559 . $360,443
. (to 4000"')
- OVERALL COST/FT ° $72/FT - $9Q/FT

to the open file reperts. In general, the
lithologies are similar, consisting of

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-

'so]1dated as. well, cav1ng occurr before
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Figure 3. Generalized Tithologic columns and temperature-depth profiles for CTGH-1, GEO
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 GEO N-1 lithologic columns
~modified from Sibbett, unpublished-data: _ o o

gradientslincreaég and higher temperature

the drilling of N-3 that was not present-

in GEO N-1 and CTGH-1.

Figure 3 also compares the tempera- -
and Steele:

tures measured by Blackwell
(1987), with -those recorded using a
maximum recording thermometer
during drilling. The temperature
profiles for GEO N-1 and GEO N-3, after

allowing the wells to stabilize, appears
to reflect intra-hole fluid flow
well and Stead, 1987).

results from upward movement of water in
Similarly,the thermal

the wellbore.
profile of GEO N-1®could be produced by
downward flow of water
wellbore. ‘

ured during

Since temperatures \\ ed dur
ore any sig-

drilling may be record
nificant intra-hole f1&{d)
MRT data should provide _

the depth to the base of- the cold-water
hydrologic regime. Figure 3 shows that

the MRT temperatures are nearly c¢onstant-
in the upper portions of all .-

with depth

three holes. . Below this zone, the

(MRT)

(Black-"
In GEO N-3, they .

within the .

the

are recorded. We suggest, based on these
measurements, that the lower boundary of
cold water regime "is
of. about 3,600 feet

depths in GEO N-1,

GEO N-=3, and at71,600 feet in CTGH-1.

~ Comparison of the thermaT profiles
with the 1ithologic logs demonstrates
that fluid movement may -be influenced by

* rock type. For example, in GEO N-3, flow

out of the wellbore.occurs around 1,800

gi to 1,900 feet in an unconsolidated cinder
suggest that the temperature distribution.:

Grp) indication of )
” - to the casing.

three holes
~not possible to obtain complete Togs due

intervals.

and ash unit;a The water appears to enter

this well in interbedded pyroclastics and

basalts. Additional information on GEO “N-

+1 and GEO N-3 +is given by Blackwell and
Steele .
~summarized by Swanberg andAQombs¢(1986).'

(1987). GEO N-1 has also

Geophysical well.logs were -run_in all
shortly.after hole comple-
In both CTGH=1 .and GEO N-3, it was

Table 2 1ists the logs

available, and the corresponding depth

located at

been.
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TABLE 2

3Geophyéica1‘We1] Ldgs'Ava11ab1e. For cop1es o
P.0. Box 3150;'Denyer, Colorado 80201
CTGH-1

TEMPERATURE . 16 - 516.5 ft; 0 - 4785 f
CALIPER- 10 - 514 ft; 4100 - 4800
GAMMA RAY 0 - 4800 ft
SPONTANEOUS .~ 35 -.516 ft; 4200 - 4798
POTENTIAL S

RESISTIVITY = 35 - 515.5 ft; 4200 - 479
16" - 64" | 3 | ’
INDUCTION -~

ACOUSTIC 4225 - 4425 ft

ACOUSTIC FRACLOG ,
0 - 4800 ft

.NEUTRON
GAMMA - GAMMA S o
DENSITY 0 - 510 ft; 775 - 900 ft
INDUCED ’, T
POLARIZATION - . 4200 - 4799, ft
" LATERALOG o 4200 - 4798 ft.
.'DENSILOG,'NEUIRON‘ | o
GUARD RESlSTfVITY 20 -,514_f£
Ahé]yeis7of the well 1ogshis phesent-<

1y being conducted. There are several
other scientific studies underway on the
three coreho]es 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-fi]e 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 appo1ntment. ' -

- An add1t1ona] 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 (Vocated south of area
shown in Figure 1). The hole has been

“..a- temperature at TD of 107°C

(1987)
‘ continued drilling’
- and data similar to- acqu1red on the other:

“."SUMMARY

‘,nesearch program,
" cored ‘in
{55;000 feet.
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ontact Rotky Mountain Well -Log Service;

]

L GEO N-1 GEO N -

3
t 0'< 4000 ft 50 - 4002 ft
ft 0 - 4000 ft- 1690 - 3999 ft
0 - 4000, ft" 50 - 1692 ft
ft 0~ 4000 ft --
9 ft ~0 - 4000 ft --
0 - 4000 ft --
-0 - 4000 ft --
0 - 4000 ft 1700 - 4001 ft
-- 50 - 4000 ft
- T 50 - 1692 ft

drilled to approximately 1,500 feet, with
(Blackwell
dritling has
of -

and Steele, 1987). However,
been. halted while possije effects

~geothermal development on Crater Lake are
- evaluated.

Some of the issues surrounding
this evaluation are discussed by La Fleur
and Sammel and Benson (1987). If
is approved, studies

,?h01es ‘under the DOE cost-share program’
will become ava1]ab1e for the Crater Lake
-kho1e -

™~
As part of a DOE 1ndustry cooperat]ve
three deep holes were.
in the Cascades to depths.of 4,000
The main objective of the
program was to penetrate the near-surface

. hydrologic regime and obtain 11th01ogi;,i”

e
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hydro]og1c ‘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.

‘Tab]e'3y

Scientific Studies Underway or Reported

CTGH - GEO.  GEO
-1 CN-1 N-3

HEAT FLOW ' SMU - SMU - SMU -

| . GEO © GEO
DOWNHOLE Hg - -- GEO  GEO
ALTERATION - USGS  USGS - USGS

‘ - GEO GEO
VOLCANIC DOGAMI Univ. Univ.
STRATIGRAPRHY . ~~ of Wyo of Wyo
CORRELATION OF " UURI  UURI UURT
ELECTRIC LOGS WITH
ALTERATION®ANALYSIS
OF WELL LOGS o |
GEOCHEMISTRY OF  --¢  GEO  :GEO -
FLUIDS AND ROCKS A
AGE DATA S --. GEO . GEO
PETROGRAPHIC - -~ GEO - GEO
ANALYSTS | o SR
SYNTHESIS OF DATA  DOGAMI -- -
TO DEVELOP MODEL |
CORE STUDIES UURT  UURT UURT

SMU f’Soothern'Methodist University
GEO - GEO Operator Corp. :

USGS - United States Geo1ogica13$urvey

DOGAMI - Oregon Dept. of Geology"and

and Mineral Industries” ,

Univ of WY0 - Un1vers1ty of Wyomlng }

- Dept. of Geology S >

UURI - Un1vers1ty of Utah Research =
Inst1tute - Earth Sc1ence Laboratory

Table 4.

Open File data available.

For copies
contact the authors. : o

© ~ CTGH GEO GEO
N-3

a1 Nl
DAILY DRILLING X X X
REPORT | |
DRILLING AND - - X
COMPLETION HISTORY
*LITHOLOGIC LOG . XX X
' CORE RECOVERY-L0OG = X XX
CORE PHOTOS X x
TEMPERATURE. DURING - X - X X
DRILLING T
STANDING FLUID LEVEL X . X X

TEMPERATURE L0G. o X X

" GRAPHIC DRILLING LOG X

(lithology, temp.
from MRT, penetration
‘rate, water level,

~lost circulation

zones).

" SECONDARY MINERALOGY X X X

'DESCRIPTION SR

HOLE COMPLETION f'x X x
SCHEMATIC o S

. TABLE OF MEASURED - X
THERMAL CONDUCTIVITY |
FINAL REPORTS X X
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RESEARCH CORING IN THE CASCADES
. A STATUS REPORT

Michele M. Lemieux(l) and Phillip M. Nr1ght(1) and Joseph N. Moore(1)

(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 long been suspected to contain
considerable geothermal potential.
However, few deep wells have
driltled, 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 is an area with high
geothermal potential, but with few
surface manifestations. The lack 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
hydrologic 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.
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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 (GEO N-1 and GEO N-3), drilled by GEOD
Operator Corporation. CTGH-1 is located
approximately 10 miles north of Mt.
Jefferson, while GEQ N-1 and GEOQ N-3 are
located on the southern and northern
flanks, respectively, of the Newberry
volcano, Figure 1 shows the location of
these holes.

e
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Figure 1. Location map of core holes.
CORING SUMMARY
CTGH-1

CTGH-I-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 drilling 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 logs 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 (210°9F), led to a
decision not to continue drilling.

GEQ 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. .

GEQO 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 spent drilling. GEQO N-3
is scheduled to be plugged and abandoned
before September, 1988,

There were several technical problems
encountered in the drilling of GEO N-3.
During the change-over from rotary
drilling to wireline coring, the initial
attempts at cementing the casing were not
successful. In addition, the BOP tested
negative due to faulty equipment, One
significant problem the other two holes
did not have was consistent 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 previously 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 ghe,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
GEO N-3, core recovery was equally good
in the basaltic-andesite flows., However,
GEQ 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 1lb. The
overall wunit cost for CTGH-1 was
$95/foot; for GED 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,
GEDO N-1 and GED N-3 are given in Figure
3. For more detailed information, refer
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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 la.

Detailed Itemization of Expenditures for
CTGH-1 (based on CTGH-1 Final Technical
Report by Thermal Power Co., 1987).

ROAD, SITE AND LOCATION $11,544.00
RIG MOB/DEMOB $10,000.00
RIG $296,807.00

TRUCKING & HAULING $3,890.00
DRILL SITE GEOLOGISTS $26,560.00
MUD & CHEMICALS $24,618.00
CEMENT MATERIALS $9,141.00
GEOPHYSICAL LOGGING $10,032.00
DRILL BITS & TOOLS $23,493.00
OUTSIDE LABOR $1,424.00
OTHER EVALUTATION $6,954.00

OTHER $14,125.00

CONDUCTOR CASING $419.00
SURFACE CASING $10,589.00
WELLHEAD EQUIPMENT $2,589.00
CAMP & CATERING $4,271.00

TOTAL: $456,456.00
OVERALL COST/FT = $456,456/4,800 ft
= $95/ft

TABLE 1b.

Estimate of Expenditure for GEO N-1 and
GEDO N-3 (based on daily drilling reports
by GEO Operator Corp.)

GEO N-1 GEO N-3 .
RIG MOBILIZATION $3,000 $8,723
ROTARY DRILLING $31,953 $24,957
CEMENTING CASING
INSTALLING BOP $17,830 $23,500
WIRELINE CORING  $233,776 $265,644
LOGGING AND ,
DEMOBILIZATION 7 $37,619
TOTAL COST $286,559 $360,443
, (to 4000*)
OVERALL COST/FT  §72/FT $90/FT

to the open file reports. In general, the

-lithologies are similar, consisting of

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 occurred in
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Figure 3. Generalized lithologic columns and temperature-depth profiles for CTGH-1, GEQ
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 GEO N-1 tithologic columns
modified from Sibbett, unpublished data.

‘gradients increase and higher temperature

the drilling of GEO N-3 that was not are recorded. We suggest, based on these
present 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 GEO N-1,
tures measured by Blackwell and Steele GEQO N-3, and at 1,600 feet in CTGH-1.
(1987), with those recorded using a
maximum recording thermometer (MRT) ’ Comparison of the thermal profiies
during drilling. The temperature with the lithologic logs demonstrates
profiles for GEQO N-1 and GEO N-3, after that fluid movement may be influenced by
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
well and Steele, 1987). In GEQ N-3, they to 1,900 feet in an unconspolidated cinder
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. Similarly, the thermal basalts. Additional information on GEO N-
profile of GEQ N-1 could be produced by 1 and GEO 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 data should provide an indication of not possible to obtain complete logs due
the depth to the base of the cold-water to the casing. Table 2 1lists 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 copies contact: Rocky Mountain Well Log Service;

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

CTGH-1
TEMPERATURE 16 - 516.5 ft; 0
CALIPER 10 - 514  ft; 4100
GAMMA RAY 0 - 480b ft
SPONTANEOUS 35.- 516  ft; 4200
POTENTIAL
RESTSTIVITY 35 - 515.5 ft; 4200
16" - 64" ~
INDUCTION --

ACOUSTIC 4225 - 4425 f
ACOUSTIC FRACLOG ' --

NEUTRON 0 - 4800 ft

GAMMA - GAMMA

DENSITY 0 - 510 ft;

INDUCED

POLARIZATION 4200 - 4799 f
LATERALOG 4200 - 4798 f

DENSILOG, NEUTRON .

GUARD RESISTIVITY 20 - 514 ft

Analtysis of the well Tlogs is present-
1y being conducted. There are several
other scientific studies underway on the
three coreholes., Table 3 lists 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.

Acsummary 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 alaong 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

GEOQ N-1 GEQO N - 3
4785 ft 0 - 4000 ft 50 - 4002 ft
- 4800 ft 0 - 4000 ft 1690 ~ 3999 ft
0 - 4000 ft 50 - 1692 ft
4798 ft 0 - 4000 ft --
4799 ft 0 - 4000 ft --
0 - 4000 ft --
0 - 4000 ft --

t

t

t

0 - 4000 ft 1700 - 4001 ft

-- 50 - 4000 ft

775 - 900 ft -- -

.- 50 - 1692 ft

dritled to approximately 1,400 feet, with
a temperature at TD of 1070C (2259F)
{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). 1f continued drilling
is approved studies and data, similar to
that acquired on the other holes drilled
under the DOE cost-share program, will
become available for the Crater Lake
hole.

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
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hydrolagic regime and obtain lithologic,
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 or Reported

CTGH GE

0 GEO

-1 N-1 N-3

HEAT FLOW SMU SMU SMU

GEOQ GEO

DOWNHOLE Hg -- . GEO GEO
ALTERATION USGS USGS USGS

GEO GEO
VOLCANIC DOGAMI Univ., Univ.

STRATIGRAPHY of Wyo of Hyo

CORRELATION OF UURI UURI UURI

ELECTRIC LOGS WITH
ALTERATION ANALYSIS
OF WELL LOGS

GEOCHEMISTRY OF -- GEO GEOQ
FLUIDS AND ROCKS

AGE DATA -~ GEO GEO

PETROGRAPHIC -- GEQ GEO
ANALYSIS

SYNTHESIS OF
DATA TO DEVELOP
MODEL

DOGAMI  -- . --

CORE STUDIES UURI UURI UURI

"SMU - Southern Methodist University
GEO - GEO Operatbr Corp.
USGS - United States Geological Survey

DOGAMI - Oregon .-Dept. of Geology and
and Mineral Industries

Univ of WY0 - University of Wyoming
Dept. of Geology

UURT - University of Utah Research
[nstitute - Earth Science Laboratory

Table 4.

Open fFile data available. For copies
contact the authors.

CTGH GEOQ GEOQ
-1 N-1 N-3

DAILY ORILLING X X X
REPORT

DRILLING AND X

COMPLETION HISTORY

LITHOLOGIC LOG X X X
CORE RECOVERY L0G X X X
CORE PHOTOS X X
TEMPERATURE DURING X XX
DRILLING

STANDING FLUID LEVEL X X X
TEMPERATURE LOG X X

GRAPHIC DRILLING LOG X
(lithology, temp.

from MRT, penetration
rate, water level,

lost circulation

zones)

SECONDARY MINERALOGY X X X

DESCRIPTION ’

HOLE COMPLETION X X X

SCHEMATIC

TABLE OF MEASURED X

THERMAL CONDUCTIVITY

FINAL REPORTS X X
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RESEARCH CORING IN THE CASCADES : ' : !
A STATUS REPORT
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(1) University of Utah Research Institute, Earth Science Laboratory, 391 Chipeta
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Summaries of drilling histories and

ABSTRACT descriptions of the available data and
scientific studies are presented in this
The High Cascades volcanic province paper for three holes drilled under the
has long been suspected to contain DOE program: Clackamas Thermal Gradient
considerable geothermal potential. Hole #1 (CTGH-1), drilied by Thermal
However, few deep wells have been Power Co.; and GeoNewberry holes # 1 and
drilled, and much of the data that have # 3 (GEO N-1 and GEO N-3), drilled by GEO
been accumulated are proprietary. In Operator Corporation. CTGH-1 is located
response to the need to obtain a better approximately 10 miles north of Mt,
understanding of the Cascades region, the Jefferson, while GEO N-1 and GEO N-3 are
U.S. Department of Energy, Geothermal located on the southern and northern
Technology Division, sponsored a coopera- flanks., respectively, of the Newberry
tive research program with industry based volcano. Figure 1 shows the location of
around obtaining data from research these holes. .

coreholes. This paper is a progress e s o s
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.

e

INTRODUCTION Lina Co.
The Cascades is an area with high \- Jellerson Co. \
geothermal potential, but with few
surface manifestations. The lack 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.

Newberry
Drater

g [ 100 : \
The DOE program has four . main iles '
elements: 1) cost sharing with industry .
in coring research holes; 2) acquisition Figure 1. Location map of core holes. ,
of lithologic, geophysical, and hydrolo-
gic data within and below the shallow CORING SUMMARY )
hydrologic regime; 3) data interpretation -
and integration; and, 4) open file CTGH-1
release of data and core, as well as
publication of technical reports and case © CTGH-1 was rotary drilled to a depth
histories. of 527 feetf\aqd then diamond cored to a

total depth -6f 4,800 feet. The hole

re subv Medd Qo@\,\/ ‘
Wih- Tupos  corrected
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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 haole condition is
believed to be good so that deepening may
be possible.

There were several unanticipated
delays during the drilling of CTGH-1.
First, the attempt to run a conductor
into the top 40 feet of glacial boulders
and till was not inftially 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 logs 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 990C (2100F), led to a
decision not to continue drilling.

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 GEQ 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

GEQ 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 spent drilling. GEO N-3
is scheduled to be plugged and. abandoned
before September, 1988.

There were several technical problems
encountered in the drilling of GEO N-3,
During the change-over from rotary
drilling to wireline coring, the initial
attempts at cementing the casing were not-
successful. In addition, the BOP tested
negative due to faulty equipment. One
significant problem the other two holes
did not have was consistent 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 previously 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 GEQ 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 GEOG N-1, averaging nearly 100%. In
GEO N-3, core recovery was equally good
in the basaltic-andesite flows. However,
GEQ 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 GEQ N-1
and GEO N-3 are given in Table 1lb. 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 GEQ N-3 the cost
was $90/foot.

l

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

TABLE 1la.

Detailed Itemization of Expeaditures for
CTGH-1 (based on CTGH-1 Final Technical
Report by Thermal Power Co., 1987).

ROAD, SITE AND LOCATION $11,544.00
RIG MOB/DEMOB $10,000.00
RIG $296,807.00

TRUCKING & HAULING $3,890.00
DRILL SITE GEOQLOGISTS $26,560.00
MUD & CHEMICALS $24,618.00
CEMENT MATERIALS $9,141.00
GEOPHYSICAL LOGGING $10,032.00
DRILL BITS & TOOLS $23,493.00
OUTSIDE LABOR $1,424.00
OTHER EVALUTATION $6,954.00
OTHER $14,125.00
CONDUCTOR CASING $419.00
SURFACE CASING $10,589.00
WELLHEAD EQUIPMENT $2,589.00
CAMP & CATERING $4,271.00

TOTAL: | $456,456.00
OVERALL COST/FT = $456,456/4,800 ft
= $95/ft

TABLE 1b.

Estimate of Expenditure for GEQO N-1 and
GEQ N-3 (based on daily drilling reports
by GEO Operator Corp.)

GEO N-1 GEO N-3
RIG MOBILIZATION $3,000 $8,723
ROTARY DRILLING $31,953 $24,957
CEMENTING CASING
INSTALLING BOP $17,830 $23,500
WIRELINE CORING $233,776 $265,644
LOGGING AND . '
DEMOBILIZATION ? $37,619
TOTAL COST $286,559 $360,443

: (to 4000')

OVERALL COST/FT $72/FT $90/FT

to the open file reports. In general, the
lithologies are similar, consisting of
basalt/basaltic-andesite flows. AI1 of
the holes have interbedded pyroclastic
and volcaniclastic units. In GEQ N-3,
these units .are thicker than in the other
holes, and since they are poorly con-
solidated as well, caving occurrved in




LEMIEUX, WRIGHT, AND MOORE %

CLACKAMAS CTGH-1 GEO NEWBERRY N-1

GEO NEWBERRY N-3
Op=x 0 0 :
o~
b No Sample No Sample
< ~=
5001~ Z A 500 == 500
—~ ~
b s o
lad® b 2
B ~
100045 = 100075 ;,1 1000
nx
24
~ 1500 I‘,« N : ~ 1500
b b3
g B3| g
. % .
£ 2000] %z * : £ 2000
A b4 * A
4
ka4 :
25001 = 2500
pall 2
I P2
T x *
30002 30001cr 3000
P o~
:’ ~ - o0 .1} x x T
35001 2 3500{ £ B 3 800{ % T
peSep = pr A4
~ T~ =30 ?J I
40004 70 A R 1 40008 , !
= R 0 0 _ 100 10 200 5 " 100 150 200
~ o~ Temperature, (°F) Temperature, (°F)
™ s A . .
450012 :»’:‘ Basalt/andesite flow ' Dacite flow @ Cinder, ash, scorea Rhyodacite flow
4800 e d T T and agglomerates
0 0 10 10 200 KXApFow breccia ™ 1] Basayandesite 11 Lappili wifs and  (AAA Lah
o 1y | Basalt/andesite flows appili tuffs an A ar
Temperature, (°F) B - intercalated with tuffs, ash flows A
agglomerates, volcaniclastics,
and ash flows

Figure 3. Generalized lithologic columns and temperature-depth profiles for CTGH-1, GEO
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 GEO N-1 lithologic columns
modified from Sibbett, unpublished data.

gradients increase and higher temperature

the drilling of GEO N-3 that was not are recorded. We suggest, based on these
present in GEQ 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 GEO 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
maximum recording thermometer (MRT) ' Comparison of the thermal profiles
during drilling. The temperature with the lithologic logs demonstrates
profiles for GEQO N-1 and GEO N-3, after that fluid movement may be influenced by
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
well and Steele, 1987). In GEO N-3, they to 1,900 feet in an unconsolidated cinder
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. Similarly, the thermal basalts. Additional information on GEQ N-
profile of GEO N-1 could be produced by 1 and GEO 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 data should provide an 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.
P.0. Box 3150; Denver, Colorado 80201,

CTGH-1 GEO N-1 "GEO N - 3
TEMPERATURE 16 - 516.5 ft; 0 - 4785 ft 0 - 4000 ft 50 - 4002 ft
CALIPER 10 - 514  ft; 4100 - 4800 ft 0 - 4000 ft 1690 - 3999 ft
GAMMA RAY 0 - 4800 ft 0 - 4000 ft 50 - 1692 ft
SPONTANEOUS 35 - 516  ft; 4200 - 4798 ft 0 - 4000 ft S -
POTENTIAL
RESTSTIVITY 35 - 515.5 ft; 4200 - 4799 ft 0 - 4000 ft --
16 - 64"
INDUCTION -- 0 - 4000 ft --
ACOUSTIC . 4225 - 4425 ft 0 - 4000 ft --
ACOUSTIC FRACLOG -- 0 - 4000 ft 1700 - 4001 ft
NEUTRON 0 - 4800 ft -- 50 - 4000 ft
GAMMA - GAMMA
DENSITY 0 - 510 ft; 175 - 900 ft -- --
INDUCED :
PQLARIZATION 4200 - 4799 ft -- --
LATERALOG 4200 - 4798 ft - -
DENSILOG, NEUTRON -- -- 50 - 1692 ft
GUARD RESISTIVITY 20 - 514 ft -- --

Analysis of the well logs is present-
1y being conducted., There are several
other scientific studies underway on the
three coreholes. Table 3 lists 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

For copies contact:

Rocky Mountain Well Log Service;

drilled to approximately 1,400 feet, with
a temperature at TD of 1079C (2259F)
(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 drilling
is approved studies and data, similar to
that acquired on the other holes drilled
under the DOE cost-share program, will
become available for the Crater Lake
hote.

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
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hydrologic regime and obtain lithotogic,
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 or Reported

CTGH GEO GEO

-1 N-1 N-3

HEAT FLOW SMY SMU SMY

GEO GEO

DOWNHOLE Kg -- GEO GEO
ALTERATION yses ¥SGS ¥sas

GEO GEO
VOLCANIC DOGAMI  Unmiv. Univ.

STRATIGRAPHY of Wyo of Wyo

CORRELATION OF UURI UURIT UURT

ELECTRIC LOGS WITH
ALTERATION ANALYSIS
OF WELL LOGS

GEQCHEMISTRY OF -- GEO GEO
FLUIDS AND ROCKS

AGE DATA -- GEO GEO

PETROGRAPHIC -- GEO GEO
ANALYSIS

SYNTHESIS OF DOGAMI -~ --

DATA TO DEVELOP
MODEL

CORE STUDIES UURI UURI UURI

SMU - Southern Methodist University
GEO - GEQ Operator Corp.
USGS - United States Geological Survey

DOGAMI - Oregon Dept. of Geology and
and Mineral Industries

Univ of WY0 - University of Wyoming
Dept. of Geology

UURT - University of Utah Research
Institute - Earth Science Laboratory

Table 4.

Open File ‘data available. For copies
contact the authors.,

CTGH GEO GEO
-1 N-1 N-3

DAILY DRILLING X X X

REPORT
DRILLING AND X
COMPLETION HISTORY
LITHOLOGIC LOG X X X
CORE RECOVERY LOG XX 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
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