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PLANNING; DRILLING AND LOGGING OF GEOTHERMAL TEST HOLE GT-2, PHASE I

by

Roland A, Petritk

ABSTRACT

Geothermal Test Hole No. 2 (GT-Z) fa a deep exploratory hole drillaed
Anto the Precambrian-age bagement’ granitic rocks of the Jemez Mountains

in dorth-central New Mexice,

The purpose of the hole is to éonfirm ‘the

suitability of the Fenton Hill Site for development of the world s first

dry hot froeck geothermal eneygy experiment,

Due to recent volcanic activ-=

ity in the area, the near-surface rocks still retain a great amount of

heat.,

The drilling of GT-2. was Tequired to obtain additional information

on the geology and the heat flow characteristics of the.area, aid to
determine. the problqns involved in drilling snd ‘taking core samples in
the granitic basement rocks aand the overlying sedimentary formationa.
Squeezing clay layers, caving shale beds, and lost-circulation zones
provided difficult drilling conditions in thé upper section of the hole,
It had been planned .to drill the Precambrian granitic ¥ocks with com-
pressed alr as the circulation medium, but higher than anticipated water
flows at depth forced abandomment of this method in favor of a fluid

ecirculation medf{um,

of 1nvaluable assistance. in determining formation characteristics,

Various diagnostic logging techniques proved to be

This

report describeas the first phase of the drilling and logging operations

in G6T-2,

T. INTRODUCTION

The earth's volume is about cne trillion cubie.
kilometers, and all but a relatively thin criist on
its outermost surfdce 1s at or above the melting
temperatures of the rocks and.metallic alloys that
compose it. The earth's interiof, then, is a tre-
mendous reservoir of thermal .emergy, which ia inher-
ently clean becduse¢ It already exists as heat. It
-1a not necegsary to burn1a:fuei or operate & reactor

to produce it, and at gufficiént depth it exists
everywhere. Ceqtherm#l energy ls- potentially cap-
‘able of contributing very significantly to the solu-
tion of many of man's most wurgent power and pollutien
problems.

However, no practical method hag yet been de-
vised to utilize the enérgy in ‘the dry solid rock
of the earth's crust that is heated by the slow
decay of-the naturdl radioactive minerals which it
contains, and by theinormal flow of heat from still

deeper in the earth's interior.

This Teport describés the work dome and the
problems encountered in drilling .the first phase of
2), a

deep exploratory hole into the Precambrian-age gra-

exploratory hole GT-2. (Geothermal Teést No.

nitic basement- rocks:

confirm the suitability of’ the Fenton Hill Site in

The purpose of the hole is. to

Hew ngigois Jemez Mountains for development of the

world's: first dry hot tock geotheérmal demgnstration.

IT, L0S ALAMOS DRY GEOTHERMAL SOURCE DEMONSTRATION
PROJECT:

A.  Primary Qbjective
The primary objective of the Los Alamos Dry

Geothermal Source Démonstration Protect is to inves—

‘tigaté and develop methods of extracting energy eco=

nomically from hot. rock in the earth's crust., This
will involve large-~scale fiéld studies and demonstra-
tions of drilling into hot rock, fracturing it by
hydraulic préssure, or by other methods, to produce
cﬁgngqted ci;cuiation‘patﬁs through the rock, and

then clrculating water or othér fluids through these


http://4epth.lt

:Ehgﬁnels to extract heat from the roék and tranapofé
1t to the: earth's surface, It will 1npiude research
‘and development in those- areas.of geéochemistry, geo-
physics, heat flow, :fluid flow, rock mechanics, seis—
mology, environmental effects, and related subjects,
which are required to make such an e€nergy extraction
. Byatem successful, ecomomical, -and environmentally
acceptable51'2
Throughout the life of the project, a‘majpr<
objective will be to make this new teclinology avail-
able to industry as;scon as ite usefulness has been.
demonatrated.
B. Goals
; The initial goal of the project is to produce
and demonstrate an,éxperimentalrgeotﬁgimal energy
gxtraction system of a type suita]l;le. for use in re=
latively dry &nd impermeable rocks, such as the
granite of the western and northeastern United States.
The second goal {is to demonstrate edergy extraction
_ at .a rate sufficlent to Supgort'initialiy a. 10-M:
{electrical) generating Flant. The third goal iz to
in@estlgate and develop such médificaticns of the
‘Beneral method as may be required to make it usefil
{n other geographical. Iocatiens and geclogical sit-

uations, ‘especially Iin more permeable rocks,
N N b

III. AREA GEOLOGY
. The gecthermal source demonstration area ia
lgcated on the Jemez Plateau; which is part of the
western arm of the»Rocky Mountains extending into
northern New Mexico (Fig. 1). Approximately a mil-
iion years ago, the Valleg Caldera wag formed when
g_huge volcaho -eruptéd great quantities of ash and
then subsided into its own eméty’magma chamber, The
Jeinez Platesu was formed aé part of-an-aptuﬁ of
volcanic ash that f£lowed out of the volcano during

" the eruptions. Since then, a series of smaller wol-
canic events has occurred ﬁnd these are now repre-
sénted by a numbér of rhyolite domes aleng the Lnmer
periphery of the caldera. As a result of this rela-
'Eively recent vulcanismf a large amount of heat is
8t111 retained .in rocks underlying the entire area.
Within a few kilometers of the surface,

The. geology of this region was first described
by Rgnich.a‘aﬁd has since been described by Woods
and No;throg,4 Smith et él,s Ross et al,v6 and Bailey
ﬂ;~31,7 A regional geologic map was published by
Smith et a1.®

Fitzsimmqn§9 describes some of the
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Fig. 1. Major structural fég;urés and area of in-
vestigation in‘northfcentrgl New Mexico.

Precambrian tocks In the area.and Hestlo

has diacuse—-
ed the geophysics of the Jemez Mauntains.

The Los Aldmos Scientific. Laboratory (LASL) is
located on the eastern £lank of the Jemez Mountains,
about®50 ¥m (30 miled) by road from the demonstration
-alte, Scilentists at the Laboratory have for some
vears beéen interested in tapping the residual heat
of this extinet volcano.

“Fn April 1972, four teést heles ranging in depth
from 150 m:te 230 m {500 to 750 £r) were drilled on
the western exterior slope of the caldera. They were

cored ‘and cased for geologic ifnvestigations and. heat

.flow measufements. A deeper test hole was drilled

in May and June of 1972 to okitain additional geolog-
teal informition.and temperature data, and to inves-

‘tigate drilling problems in the area. It-reached a

depth of 785w (2575 ft), and extended inte the
Precambrian basement rqcks,ll

The geologic: section of Geothermal Test Hole

‘Wo. 2 has been descrited in detail .by Purtymun et

1.2,

al, d is shownAop the summary sheeta, Appendix 4.

IV, SITE 'SELECTION

A.  Location
On the basis 'of previous’ studies, surveys, and
13,14

£leld experiments, a gite on the Jemez Plateau



Geothermal Source Demonstration Site before
erection of drilling rig. The location of
GT-2 is on the middle ridge, just to the
left of the center.

about 32 km (20 air miles) west of Los Alamos was

selected as an appropriate location for development
of the first dry hot rock energy experiment. This
has been officially identified as the "Fenton Hill
Site," or TA-57 (LASL Technical Area 57).

gently sloping area on top of a mesa, which was burn-

It is a

ed over in a forest fire in 1971, so that preparation
of the demonstration site involved a minimum of level-
ing and no destruction of standing timber (Fig. 2).
It i3 immediately adjacent to an all-weather state
highway and to power and telephone lines, and is
crossed by an existing forest road. Access to the
area is convenient, power is immediately available,
and communications to and from the site are good.

The Fenton Hill Site is in the Jemez District
of the Santa Fe National Fofest in Sandoval County,
New Mexico. A Memorandum of Understanding was exe-
cuted between the U. S. Atomic Energy Commission and
the Forest Service for use of the site by LASL for
drilling and experiments in a deep exploratory hole
(GT-2) and, if results from this hole are positive,
for the development;aqd operation of a two-hole
geothermal energy demonstration system.

The work area for GT-2 is 0.02 km2 (4.9 acres).

Preliminary site plans for the demonstration system

involve an additional 0.01 km2 (2.7 acres). Because
of recent geothermal leasing activity in the area, a
reqﬁest was made by the AEC to the Bureau of Land
Management that leases not be issued on 0.65 km2
(160 acres) surrounding a previous exploratory hole
(GT-1) 1in Barley Canyon and about 3.65 km2 (900 acres)
surrounding the GT-2 location, until such time as
LASL experimental work at these sites is completed.

B. Environmental Assessment

The Forest Service has agreed that the AEC, as
the responsible Federal funding agency, should be
respongible for a full assessment of the environ-
mental impact of this project. Such an assessment
has been made, and it is the conclusion of the AEC
that an environmental impact statement is not re-
quired for activities now planned at the Fenton Hill
Site, including the drilling of GT-2, the two pro-
posed energy experiment holes, and the development
and experimental operation of a water-circulation
loop. 1If, however, within about 5 years, experiments
at this site are judged to be sufficiently successful
to justify construction of a demonstration electrical
generating plant, it is anticipated that this follow-
on program would then require an environmental impact
statement.

An Environmental Analysis Feasibility Report was
prepared by the Forest Service covering the surface
impacts of the Dry Geothermal Source Demonstration
Project, and has been approved by the Acting Super-
visor of the Santa Fe National Forest. An Environ-
mental Analyses Detailed Coordination Report is
therefore now being prepared by the Forest Service
covering the several phases of the project scheduled
Sub-

ject to agreement concerning disposal of precipitates

to follow the drilling and experiments in GT-2.

from the demonstration system and to any further
stipulations that may be included in that report,

the Forest Supervisor has now approved proceeding
with all phases of the present project at Fenton Hill
(TA~57).

V. PkOJECT PLANNING

A detailed plan of the proposed drilling pro-
The
reviged version of this plan, dated March 20, 1974,

gram for GT-2 was prepared in December 1973.

is included as Appendix B of this report.
The plan outlined the drilling and testing

schedule (based on information gained from GT-1),
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Fig. 3. Site plan, Dry Geothermal Source Demonstra-
tion Project. :

and listed the various experiments and measurements
that were considered essential to the success of the
demonstration.

Because of unforeseen events, some parts of the
plan were not accomplished. These changed aspects
of the work will be discussed in the concluding sec-

tion of this report.

VI. SITE PREPARATION

A contract for the preparation of the GT-2
drilling site (TA-57, Fenton Hill Site) was let to
Law Construction Company of Espanola, New Mexico on
December 20, 1973.

and stump removal began on January 10, 1974.

Work in the form of snow, brush,

The site plan for the project is shown in Fig. 3.
Ih general, the site-preparation work included level-
ing and grading of the drilling site, excavation and
timbering of a drillimg cellar, excavation and em-
bankment work for a 570 m> (150,000 gal) settling
pond, construction of an electrical substation pad,
and erection of a secondary electrical distribution
system consisting of 120 m (400 ft) of aerial line
aﬁd two service pedestals.

By March 1, the contract work had been complet-
ed, except for regrading and reseeding the site when
work on GT-2 is finished.

‘ During this time, arrangements were made with
the Jemez Mountains Electric Cooperative for power
gt the site. Telephone lines were installed and an

emergency radio communication system was established.

VII. DRILLING HISTORY

A, Contractual Agreements

More than 30 separate contracts were let to
cover drilling and associated work at the Fenton Hill
Site. The major contracts are listed an& described
below.

1. Drilling Contract

a. Contractor Selection. An independent

estimate of drilling costs for GI-2 was requested

" from and prepared by Fenix and Scission, Inc., Las

Vegas, Nevada. Early in January, bids were solicit-
ed from drilling contractors on the specifications in
Appendix C. Three bids weté received, of which one
was for oversize equipment and was extremely high,
and a second was eventually withdrawm because of
excessively long delays in actually awarding the
contract. The drilling contract was finally awarded
on February 6 to the only remaining qualified bidder,
Calvert Western Exploration Compﬁny of Tulsa, OK.

The specifications of Drilling Rig. No. 24,
which Calvert Western proposed to use, are listed in
Appendix D.

b. Contract Items. The original contract

with Calvert Western contained four major items:
mobilization; hourly rates for work using drill pipe,
without drill pipe, and standby-secured; reimburs-
able (seller acquired) items and services; and
demobilization.

This contract provided for not more than 57 days
of drilling and 30 days of post-drilling services.
Subsequent modifications to the original contract ex-
tended the length of the contract to 176 days, and
provided increases for reimbursable items and services.
Item III. C. of
the drilling contract for reimbursable (seller ac~

c. Third-Party Contracts.

quired) items and services provided the basis for
obtaining equipment and services under a "third-
party"” agreement. Typical services which were fur-
nished to the drilling contractor under this item

included the following: cementing, fishing, logging,

welding, casing setting, trash removal, bits, ream—

. ers, s;abilizers, collars, packers, retainers, diesel

fuel, butane, water, and diamond core bits.

2. Mud Services. A contract for drilling-mud

services was let to Baroid Division, Natural Lead
Industries, Inc., Farmington, New Mexico. The orig-
inal contract provided for a mud-drilling program

to be furnished by Baroid for drilling approximately



305 m (1000 ft) through and below the Permian red
beds. Included were 18 days of continuous mud engi-
neering services, consisting of a mud engineer and
a laboratory-equipped trailer on location, a drill-
pipe-corrosion monitoring service, drill-fluid test-
ing, and recommendations for treatment. All neces-
sary mud-drilling materials, such as mud, chemical
additives, and lost-circulation materials were to be
furnished according to the effective customer price
11ist.

Modifications to the original contract changed
the length of the contract to approximately 33 days.

3. Compressed-Air Services. A contract for

compressed-air services was let to I-R Compression
Services, Ingersoll-Rand Company, Denver, Colorado.
The original contract provided for the rental of a
minimum of three primary air compressors, a booster
pump, a mist pump, and the services of an engineer
and two operators for approximately 47 days for use
in drilling from 792 m (2600 ft) to a minimum of
1372 m (4500 ft).

The specifications required heavy-duty compres-
sors, each to provide pressures up to 2.1 MPa (300
psig) in continuous service and 1.1 m3/s (2400 SCFM)
at an elevation of 2650 m (8700 ft).
pump also was required to handle 1.1 m3/s at an in-
let pressure of 1-1.6 MPa (145-235 psi)? and to be

The booster

capable of boosting discharge pressures up to 10 MPa
(1500 psig) continuously.
fied to be 0.001 m3/s (16 gpm) capacity at 10 MPa
(1500 psi).

The mist pump was speci-

The necessary chemicals and additives
were on consignment basis. Modifications to the
contract changed the length of time to approximately
86 days.

4. Road and Site Maintenance. A contract was

let to C.J.C. Inc., General Contractors, Jemez
Springs, New Mexico, to provide necessary road main-
tenance, snow removal, site modifications and earth-
work (necessary to adapt the previously prepared
site to the selected drilling contractor's equipment),
drainage and other general support operations not
provided by the drilling contract.

Included in this work was raising the height
of the dam of the original settling pond and rip-
rapping a small overflow spillway, digging two ad-
ditional settling ponds, placing gravel on the work

areas around the drilling rig, burying electrical

Fig. 4. Drilling rig on location at the Fenton Hill

Site.
caples and road drainage culverts, and leveling ad-
ditional instrumentation trailer areas.

B. Drilling Progress

1. Mobilization. On February 9, Calvert West-

ern moved Drilling Rig. No. 24 onto the location at
Fenton Hill and began erection the next day. By
February 16, the drilling rig was in operational con-
dition (Fig. 4).

. The contractor employed four drilling crews,
each consisting of a driller, a derrickman, and three
floormen. Drilling progressed 7 days/wk, 24 h/day.
Each crew worked an 8-h shift for 6 days, then had
2 days off and came back to work on the shift preced-
ing the one that they had previously worked. The
superintendent, or tool-pusher, had a trailer at the
drill site and was available on a 24-h basis.

The elevation of the top of the Kelly bushing
was 2652 m (8701.5 ft) above mean sea level, and all
depths were measured from this point.

2. Surface Conductor Casing. From February 17
through 19, the 0.63-m-diam (25~in.) hole for the

surface casing was drilled to a depth of 18 m (60 f¢t).

The 0.51-m-diam (20-in.) casing was then set in place
and concreted.

3. Volcanic Rock. At 9:00 a.m. on February 20,

drilling began in the volcanic tuff rock below the
surface pipe, using 3l-cm (12-1/4-in.) tricone rock



bits.
§
to 25 ft/h). Minor lost-circulation problems were

The average drilling rate was 7 to 8 m/h (2u

encountered at the 27- and 37-m depths (90- and 120-
ft), but these presented no serious difficulties.
The basic drilling mud consisted of a mixture of
Aquagel and Benex to produce a weight oflabout 1 kg/
liter (9 to 9.5 1lb /gal) and a viscosity of 40 to
55 s.* i

4. Sedimentary Rocks. Below the tuff, drill-

ing progressed in the Abo Formation (Permian-red
beds) at the rate of 8 to 9 m/h (25 to 30.ft/h),

and in the Madera Formation (Pennsylvanian shales
and limestones) at approximately 2 m/h (6 to 8 ft/h).
The drilling rate varied considerably in‘the‘Abo
Formation, from a maximum rate of 18 m/h (60 ft/h)
to a minimum of 3 w/h (10 ft/h).

in the Madera Formation were more uniform, but var-

Penetration rates

ied more widely in the underlying Sandia Formation,
On February 28, at a depth of 584 m (1916 ft)g
.all circulation of the drilling fluid was lost in a
highly permeable zone in the Madéra Limestone. ‘
Several lost-circulation additions were tried, fol-~
lowed by two unsuccessful cementing attempts.. After
fighting the lost-circulation problems for‘a week,
and with the condition of the hole deteriorating
rapidly from squeezing clay layers and caving shale
On March 9,
the hole was reamed with a 45-cm-diam (17-1/2-in.)
hole-opening bit to a depth of 489 m (i605,fc). A
string of 34-cm-diam (13-3/8-in.) casing was set to

beds, it was decided to case the hole.

488 m (1600 ft) in a competent limestone bed and
cemented into place (Fig. 5).

Redrilling through the cement began on March 17,
using water as the drilling fluid. At-a depth qf
576 m (1889 ft), circulatioﬂ was again lost and a
change-over to air drilling was made. . Air drilling,
continued until March 25, with many problems from
balling qf the clay layers, sticking of the drill
pipe and caving of the formation. Soap, mud, and
Gel-Foam additions were used to create emulsions to
clean and stabilize the hole while drilling contin-
ued to 680 m (2230 ft).

caving remained serious problems.

However, water inflow and
Between March 26
and 28, 2200 sacks of cement were injected into the

the hole in eight separate cementing operations.. At~

%A1l drilling mud viscosity values used in this re~
port are American Petroleum Institute funnel viscos-
ity units.-

Fig. 5. Prior to installation, racks of 34-cm-diam
(13-3/8-in.~diam) casing are stored in front
of the drill rig.

the finish of the cementing, the:tog of the cement
stood at 485 m (1590 ft)~-approximately 5 m (15 ft)
up in the casing. Air drilling was resumed through
the cement plugs. The Precambrian granite surface
was reached at a depth of 732 m (2404 £t) on March 30
but caving of the overlying sediments continued to
present serious problems. T@e hole was cemented in
‘four increments from the 751;m dépth (2463-£ft) to
about the 6l4-m depth (2105-ft). Drilling‘was.re—
sumed with air, with continuous caving of the sedi-
mentary formations above the granite.. The hole was
finall§ extended to 773 m (2535 ft)--about 40 m (130
fr) into the granite. At this point, caving was so
serious that casing was inserted as soon as possible
A 27.37cm-diam (10<3/4-

in.) casing was set from the surface to 773 m (2535

in order to save the hole.

ft) and cemented into place on April 6.,
Throughout the sédimentary beds, drill cuttings

were obtained at 3-m (10—ft)‘intervals,‘and were used



extensively to interpret the lithology of theAgeo-
logic section.

Maximum hole deviation in the sedimentary bedq
was 1-3/4 degrees from the vertical.

5. Granitic Basement. When the casing cement

had set, the hole was cleaned and, returning to air
drilling, was extended 3.7 m (12 ft) into the pink-
ish-gray granite below the casing shoe, using a
2&.4—cm—diam ©-5/8-in.) full-f#ce tricone bit. The
hole was pressure tested with air to 1.9 MPa (280
psi) and appeared to be tight.

Drilling continued with air until April 23,
when, at a depth of 1080 m (3542 ft), the amount of
water being blown from the hole threatened to over-
flow the settling pond. Because the agreement with
the Forest Service included a éommitment to not let
any drilling fluid escape, effprts were made to re-
duce the inflow of uate; to the hole.

A serles of logging tests indicated that there
- was no evidence of damage or separation of the cas-
ing itself, but that the water flow was probably
entering the hole around the bottom of the casinmg.
Prior to cementing the hole to seal off the water,
a wireline plug was set at a depth of 786 m (2580
ft) and a removable packer at 732 m (2400 ft). On
April 25, 300 sacks of cement were injected into
the space between the packers Qtth an estimated 200
sacks of that amount being squéezed out into the
formation. The cement plug was then drilled out,
but before the bottom packer was broached, increas-
ing water flows halted drilling. An additional 300
sacks of cement were injected above the lower packer
on April 29.

After drilling out the cement plug, the hole
again filled with water. As the water level was

about the same depth as the lost-circulation zone

"in the Madera Formation, it was speculated that the

water-bearing zone communicated with an aquifer
above the granite. Testing with a Lynes packer re-
vealed that the hole accepted wgter across a wide
interval below 960 m (3150 ft)." Air circulatiom
could not be maintained when the drill bit was below
823 m (2700 ft). On May 4, two injections of 150
sacks each of cement filled the hole to a depth of
951 m (3119 ft). When the plug was drilled out to
the bottom depth of 1084 m (3556 ft), the hole again
filled with water.

~

At that point, it was decided to drill ahead )
Qith drilling fluid through the water-bearing zone,
without returns if necessary. A pump was installed
in the reserve pit to supply additional water to the
hole and, at the same time, to draw down the water
level in the pit. Drilling in the granite progressed
to 1117 m (3666 ft), at which time a pressure test
was attempted with a Lynes packer set at 1102 m (3615

ft). However, the packer could not be made to hold.

- Actually, it had only partially inflated, had become

‘disengaged from the drill pipe, slipped to the bot-
tom of the hole, and was required to be fished out.
Comprehensive temperature logging indicated that the
hole was probably tight below 1097 m (3600 ft), as

‘there was no 1inflow of water below that depth.
It was planned to set a bridge plug at 1029 m

(3375 £t) and to perform a squeeze-cement operation
from there to the bottom of the hole. The bridge
plug leaked, was removed, and the cementing was domne
through open-ended pipe at 1103 m (3619 ft). A batch
of 300 sacks of cement with 3% calcium chloride, for-
mulated to set up in 1 h 45 min at 26°C, was injected.
Actual set time was 19 min, and 29 stands of drill
pipe were left full of hardened cement. The pipe was
sent to Farmington, New Mexico, to be drilled out
and additional pipe was rented.
Drilling was resumed with fluid and continued
to 1136 m (3728 ft). Additional temperature measure-
ments indicated that water was still entering the‘
hole at about 1097 m (3600 ft); caliper logs showed
an enlarged section of hole between 1082 and 1097 m
(3550 and 3600 ft), with an additional enlargement
at 981 m (3220 ft). On May 15, open-ended drill
pipe was get at 1122 m (3680 ft) and 150 sacks of
cement were injected. The cement was formulated to
give 1 h 37 min of pumping time at 110°C. Within
20 min after the cement was mixed, it had been com-
pletely placed. The drill pipe was started out of
the hole immediately, but it became stuck as it was
first being pulled. All efforts to rotate and lift
the pipe failed, and it was cemented in the hole.
Preparations began promptly to free the cement-
ed pipe. The cement within the pipe was found to be
at a depth of 985 m (3232 ft), and was drilled out
on May 18 with a 9-cm-diam (3-1/2-in.) bit. A stuck-
plpe indicator was used to locate the point at which
the pipe was cemented in externally. Attempts to

loosen the first two joints above: this point, with



Washover shoe, 20-cm-diam (8-in.) 1i.d.,
dressed with crushed boron carbide, used
in drilling out the cemented-in drill pipe.

a back off tool and Primacord string shots, were
unsuccessful. The third shot, on May 19, at the
third joint above the indicated cement level, was
successful, and all but 101 m (330 ft) of the stuck
drill pipe was removed from the hole.

Cement in the annulus, between the drill pipe
and the borehole wall, was encountered at 1084 m
(3556 ft).

pipe and a variety of mill-tooth bits, including

Drilling of this cement, using washover

diamonds, continued until May 28, when all of the
cemented drill pipe was removed (Fig. 6). A number
of pieces of drill pipe had been pushed against the
side of the hole, apparently by differential stick-
ing. This condition required milling off about half
the wall thickness of the pipe section for its entire
length (Fig. 7).

Drilling in the granite then continued at the
rate of 1.7 m/h (5 to 6 ft/h) with water still com-
ing into the hole at the rate of 0.004 m3/s (60 to
70 gal/min).

difficult to blow the water from the hole.

As the depth increased, it became more
On June 2,
the air compressors were shut down and a conversion
to water drilling was made. Records kept on the
drilling performance of two successive Smith 9JS bit
runs revealed a small, but distinct, advantage in
water drilling over air drilling on the basis of
both drill rate and bit wear.

As a result of this comparison, the Ingersoll-
Rand contract for compressed air was terminated on

June 4, and the compressor equipment was subsequently

Fig. 7. Box ends of drill pipe which were milled.

off during the washover operations.

removed from the site. Drilling with fluid continued
with the fracture zones accepting water under hydro-
static head. On June 10, small additions of bento-
nite and lost-circulation materials to the drilling
fluid were begun in an effort to seal off these water
The
average mud viscosity ranged from 30 to 35 s, with a
weight of 1.0 kg/liter (8.6 1b /gal). The loss of
drilling water was not completely checked, but it
gradually decreased from 1.7 m3/h (440 gal/h) to
about 0.6 m3/h (150 gal/h).

In the lower section of the hole, with drilling

loss zones and to aid in removing the cuttings.

progressing at a steady rate, a fairly uniform pic-
ture of bit life began to emerge. To obtain maximum
information on the characteristics of the granitic
rock, numerous core runs and temperature measurements
were interspersed in the drilling schedule at select-
ed intervals. A procedure was developed to standard-
ize the drilling-logging-coring sequence of opera-
tions, which will be described in subsequent sections
of this report.

A preliminary terminal depth of 1935 m (6350
ft) was reached at 10:25 a.m., July 12. The last
drilling had been a 2-m (6fft) core run, which yleld-
ed only about 15% recovery. During the post-drilling
diagnostic logging, a partial obstruction was en-
countered in the hole which required redrilling.
Because the previous core recovery had been poor,
and with the bit on bottom to clean the hole, an
additional 2-m (6-ft) core run was made to a total

first-phase depth of 1937 m (6356 ft).



The hole deviation at this depth was 4-1/2 de-

grees from the vertical.

VIII. CASING
A, Conductor Casing

The conductor casing congisted of 20 m (65 ft)
of 0.51-m-o.d. (20-in.) line pipe. Eight central-
izing fins were welded on the exterior, and a 0.51-
m~o.d. (20-in.) nominal pipe flange was welded on
the upper end to connect to the blowout preventer
(rig. 8).
local ready-mix supslier, and consisted of 3.8 m
(5 yd3) of 34.5-MPa (5000-psi) strength concrete

containing 9.5-mm (3/8-1in.) aggregate.

The backfill concrete was furnished by a
3

B. Surface Casing

The surface string of casing was included in
the specifications to be placed only as required.
As drilling progressed into the sedimentary beds,
it became apparent that this intermediate casing
was necessary to keep the hole open. The diagnostic
logs indicated a thick bed of solid limestone at
488-m (1600-ft) depth. The hole diameter at this
depth was very close to bit gauge.

On March 15, the intermediate surface casing
was set at 488 m (1600 ft).
o.d. (13-3/8 in.), 81 kg/m (54.5 1b /ft), Type J-55,
eight-RD thread.

The casing was 34 cm

A Baker cement shoe was installed
at the bottom of the casing, and a Baker float col-
lar at 479.5 m (1573 ft).

Prior to insertion of the casing, two drums of
Baroid Torq-Trim were mixed with the drilling mud to
increase the lubricity of the borehole walls.

Cementing of the casing was performed by the
Farmington, New Mexico, station of Dowell, a division
of Dow Chemical Company. The cementing operation be-
gan at 6:00 a.m., March 16, by pumping 1.6 m3 (10
bbl ) of water down the casing ahead of the cement,
followed by 54 m3'(341 bbl ) of cement slurry at a
pressure of 1.7 MPa (250 psi). A rubber plug was run
in the casing after the cement, which was displaced
from the casing by pumping in 39 o3 (243 bbl ) of
water. When the cement failed to circulate to the
gurface after this displacement effort, 8.7 m3 (55
bbl ) of additional cement slurry were pumped down
the annulus by means of a 3.2-cm-diam (1-1/4-1in.)
pipe placed 122 m (400 ft) down the outside of the
casing. Approximately 1.6 m3 (10 bbl ) of slurry

were circulated to the surface by this means.

Fig. 8.

Conductor casing with centralizing fins.

The total quantities of cement and admixtures

are listed below:

Cement, Ideal Class A 17.7 m3 626 ft3

Dowell Litepoz 3 9.2 m3 324 ft3

Bentonite (12.4%) 15.3 o> 540 £t

Bentonite (2%) 26.9 m> 950 £t

Dowell D-79, chemical 381 kg 840 1b
extender

Dowell D-33, CaCl 277 kg 500 1b

2
C. Deep Casing

The bottom of the deep casing string was set at
773 m (2535 ft); the top extended to the surface.
The casing was 27.3 cm o.d. (10-3/4 in.), 67.7 kg/m
(45.5 1b /ft), Type K~55, with both Hydril and but-
tress threads. A Baker cement shoe was installed
at the bottom of the casing, and a Baker float col-
lar at 733 m (2404 ftr). Both strings of casing were
installed by San Juan Casing Service, Inc., of
Farmington, New Mexico.

Cementing of the deep casing string was per-
formed by Dowell. The cementing operation began at
5:58 p.m., April 6, by pumping 40 m3 (250 bbl ) of
water into the casing, followed by 9 m3 (57 bbl )
of cement slurry at a pressure of 3.4 MPa (500 psi).
A rubber plug was run down the casing after the
cement, displaced by 56 m3 (350 bbl ) of water. An
estimated 10-m-high column (33-ft) of cement slurry
was left standing in the casing.

The total quantities of cement and mixtures are

listed as follows.
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Cement, Ideal Class A 5.9 m 210 ft
Cement, silica sand 3130 kg 6900 1b
Dowell D13R, calcium 45 kg 99 1b

lignosulfonate

IX. CEMENTING
Cementing operations to stabilize the hole and/
or reduce water inflows are described by dates of
their occurrence. The separate quantities of cement
and admixtures used in each injection are shown on
the summary sheets in Appendix A. ]
Generally; all cementing fluid (slurry) injec-
tions were accomplished under hydrostatic pressure
(except as noted) and were preceded and followed by
approximately 2 m3 (10 to 15 bbl ) of water.
A. March 3, 1974

1. Contractor.

Halliburton 011 Well Cementing
Company, Farmington, New Mexico.
2. Depth. 421 to 448 m (1380 to 1470 ft),
through open-ended drill pipe.
' 3. Total Slurry Volume.
B. March 7, 1974

1. Contractor.

7.9 m> (280 £&7).

Halliburton 0il Well Cementing
Company .

2, Depth. 411 to 549 m (1350 to 1800 ft),
through open-ended drill pipe.

3. Total Slurry Volume. 8.5 m3 (300 ft3).
C. March 25-27, 1974

1. Contractor.

Dowell Division of Dow Chemical,
Farmington, New Mexico.
2. Depth.
from 485 to 680 m (1590 to 2230 ft), through open-
ended drill pipe.

3. Total Slurry Volume. 100 m3 (3520 ft3).
D. April 3, 1974

Eight successive cementing sequences

1l. Contractor. Dowell Division.

2. Depth.
from 614 to 721 m (2015 to 2366 ft), through open-
ended drill pipe.

3. Total Slurry Volume. 36 m3 (1280 ft3).

E. April 25, 1974

1. Contractor. Dowell Division.

2. Depth. The hole had been drilled to 1080 m
(3542 ft); a wireline plug was set at 786 o (2580
ft) and a removable packer at 732 m (2400 ft). The
bottom plug leaked, weak cement was redrilled to a
depth of about 985 m (3230 ft).

3. Total Slurry Volume. 10 m3 (354 ch).

Four successive cementing sequences
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4. Pressure.
F. April 28, 1974
1. Contractor.

2. Depth.
that was set in the previous cementing operation, a

6.9 MPa (1000 psi).

Dowell Division.
Before drilling out the lower plug

drillable upper retainer was set at 746 m (2448 ft)

and the interval to 786 m (2580 ft) was recemented.
3. Total Slurry Volume. 10 m> (354 ft°).

3.4 MPa (500 psi).

4. Pressure,
G. May 4, 1974

1. Contractor.

Dowell Division. .
2. Depth. Two successive cementing sequences
from 951 to 1084 m (3119 to 3556 ft), through open-
ended drill pipe.
3. Total Slurry Volume. 11.9 m3 (420 ft3).
B, May 9, 1974

1. Contractor. Dowell Division.

2. Depth. Bottom of hole at 1113 m (3650 ft);
open-ended drill pipe at 1103 m (3619 ft); cement
set up before being displaced from drill pipe.
Cemented interval was approximately 9 m (30 ft3).

3. Total Slurry Volume. 12.7 m3 (450 ft).

I. May 15, 1974

1. Contractor. Dowell Division.

2. Depth. Bottom of hole at 1136 m (3727 ft);
open-ended drill pipe at 1122 m (3680 ft); pipe be-
came stuck in the hole before it could be pulled.
Cemented interval was 1084 to 1136 m (3556 to 3727
ft). .

3. Total Slurry Volume. 6.8 m3 (240 ft3).

J. Investigation of Cementing Operations of May 9

and 15

A comprehensive investigation was conducted to
determine the cause of the difficulties incurred
during the cementing operations of May 9 and 15.
Tests performed at Dowell Laboratories in Tulsa,
Oklahoma indicated considerable difference in stiff-
ening time between materials actually used in the
field on May 9 and laboratory samples of similar
The Tulsa
office had recommended that no calcium chloride be

materials received from manufacturers.

used in that mix; however, it was included in the
field design.
of the mix prior to pumping would have foretold the

In this instance, a laboratory test

reaction that was obtained and would have averted
the drill pipe being filled with' hardened cement.
Regarding the cementing operation of May 15,

it first appeared that contamination of the cement



from the mud-pit water. or ‘from divey drill pipe
might: have caused a premature set. It -now seems
more- likely thdt tHe pipe first became mechanically
gtuck: thraugh dehydr&tiop of the cement or beéause
of differential sticking at the water-loss .zong be-
tween 1082 and 1097 m (355¢ and 3600 ft). .The ce-
ment. slurcy, flowing down the drill pipe, up thé
annulus, and out inte the formation at- this Zoue,
efther (1) formed a filter_pacg;.through which the
water was. squeezéd, léaving the cement behind in-a
compact, gsemibard condition around the drill pipe;
or (2} pushed the pipe agaimst the side of the hole
with enough force to prévent it from being rotated
or withdrawn.

A séction of bent drilll pipe which was later
removed -from the hole at about the depth of the
vater-bearing zone;, and the presence .of cemdunt that
drilled gs i1f it might have been dehydrated, are

indications that these events could have occurred.

X. DRILLING MEDIA
A Wad
' The Permian red beds (known as the aAbo Yurmation
in.New Mexico) underly much of the Southwest, and
are rencwned for causing severe drilling problems.
The development of a suitable mud program to
facilitate drilling of future geothermal holes
through. the Abo Formation into the Pennsylvanian-age
limestones was planned as an integral -part of ‘the
studies designed for GT-Z (see Appendix B):
The services of.Barold began on :February 15,
1974,

drdll site and continucus supervision of the mud

A, laboratory traller was installed ar the

progtam waé provided by two rfepresentatives whie al-
ternated tours. The initial drilling fluid mix was

a low-solids mid, ¢ensisting of a ratio of five sacks
of Aquagel to one sack of Benex {Figf 9).. ‘This mix
had a 'solids -contént of ‘3% by volume, a weipght of

1 kg/liter (9 1b /gal) and a viscosity of approxi-
mately 40 s,

When tﬁe lost-circulation zones:were encountered
at the .27- and 37-m depths in the tuff (90- and 1Z0-
ft), the solids content wag railsed to GZ, by adding
one sack of Cellex toc each sack of Behex. Several
"pills" of lost-citculation wmdteérials (Fibertex,
Gel-Flake, and'Plug—git)»were:injected-EeforE'circu-

1lation vias regained.

Fig. 9. Mixing drilling mud in the drilling vig mud
tanks: Mud testing trailer "Is seen in the
background.

Drilling in the sédimentary beds continued,
using a wixture of five sacks of Aquagel to one of
Cellex, plus 23 kg (50 1lb ) of caustic soda éach
shift. The solids content varied from § to lbﬁ;
weight was 1 kg/liter (9.5 1b /pal) with ah. avérage
viscosity of 54 s: The Abo Formation was penetrated
suctessfully and the hole seeméd fo remdin guite
At a depth .of 584 m (1916 £t), nearly 213
m {700 ft) into the Madera Limestome, all wcirculation

stable.
wag logt. At that time,_ghe mud volumeé in the hole
was calculated to be 48 m° (300 bbl ), with 55 o°
(600 bbl ) in the mud pits. The initdal iud loss

to the formation was approximately 32 = (200 bbl ).
Lost-circilation materidls, up to 30% by volume of
the-mud mix, were‘ad&ed, but the formation took
andgther. 40 ﬁS'(ZSO_bbl ) without any return.

A highifiltrﬁte plug{gonsisting'gf QQQ sacka
of Diacdel D was mixed, pumped down the holé,. and
displaced with 8§ m3 {50 bbl ) of mud containing 30%
lést~cirzulation materials.

On Mareh 1 and 2, two high-filtrate plugs, each
conststing of- 100 sacks of Diacel D; were mixed .and
3¢50 bbL )

of mud containing 30% lost-circulation materdals.

pumped ‘down the hole, displaced with 8 m

Bridges -and caving hole conditions began to appear
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higher in the hole in the Abo Formation, giving con-
siderable. trouble in drilling back down to bottom.
Two cemepting attempisd were: largely unsuécessful.
On March 6, another 150-sack plug of Diacel D was
placed in the hble,’follhﬁed by wdre ‘cement, I
buring the- hole-opening’ operation-to ins;aii

_the intermediate casing, viscoslity was maintained
at 50 to 60 &, with 15% to 20% lost-circulation
materials. Cottonseed hulls, Fibertex and Plug-git
were¢ used in a mud mix consisting: of six sacks of
Aquagel to oue-gack of Cellex,

On April 6, during the. setting of the deep cag=-
ing. string, 48 m3 (300 bbl } ofrmud with a viacosity
of 270 s, and 0.5 m® (3 b1 ) of Torq-Trim were
gpotted in the hale.

ﬁ; Fosm
' After setting the intermediate casing, it was
planned to redrill through the cement with water
until eirculation was lost,; thern convert to air
drilltng. This was done, and air drilling continued
using mist and scap to a depth of 657 m (2156 £t):
At that point, very few cuttings were -being returned
and the hole was frequently lodding up with water.

On March 23, a omixture of Baroid Gel-Foam was
tried. The concept of a foam drilling medium theo-

fetically combinés the advantages of mid drilling
with those of air drilling. It is particularly ad~-
vantageous in zones where there is excess water in-
flux into the borehole, or where. the nature of thie
formation material, such as sticking .clays; makes
the usé of compressed air inefficient in keeping the
hole: clean.

‘'The foam was mixed te rhe following proportions.

Aquagel 34 kg/m®>  (12'1b /bbl)
Soda ash 2.8 kgfa® (1 1b/bb1)
Callex 2.1 kg/m>  (0.75 1b /bbl)

Foaming agent 1% by volume

Use of the foam appeared to be cleaning the
hole and maintaining .sidewall stability, when all
circularion was lost as the bit neared bottom. A
plug of 1361 kg {3000 1b )} of cottonseed and walout
hulls was pumped down the hole, but returns werse not
established.

temporarily made thé further use of foam {mposgible.

The hulls clogged the mist pump and

On March 31, after the granite surface had been
réached (although continuous caving from above still
threatened the‘holej, ﬁogp was again trled, Aquagel,
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‘materials.

soda ash and Cellex were combine? in the mud-pit
Eankg snd ‘transferred to the mist ‘tank after belng
strained through burlap to remove loat-citeulation
The foaming agent was added at the mist
tank. Drilling with foam was terminated om April 3,
when the borehole was cemented. Foam drilling pro-
vided good results under extremely adverse drilling
conditions,
C. Adir

As outlined in the plan for experiments and
measurements in GT-2 (Appendix B}, the circulation
nedium for all drilling {n granitic rock was to have.

been compregsed air. It was felt that compressed

~air would be supetrior to fluids for these reasons:

(1) Adr drilling wéuld not dectedse the natu-

ral temperature of the rock as much as fluid; and

‘the downholé témpérature measurements would be much-

more-accurate;

{2) Drilling iu granite is usually .faster with
air; and .

(3) Water was not readily available and had to-
be hauled to the site,

Adr drilling actuwally began at a depth of 576 m
(1889 £r) when watéer circalation was lost in the
Madera Limestone while re&riliing a previously ce-
mented zore. Instead of fighting to keep circulaticn
of the driiling £luid, it was decided ‘to drill ahead
with air. .Thia would permit downhole progress to be
made without the need for returns "and without the
cost: of water and mugd.

A bloole box with internal baffles 4nd water-—
spray scrubbera was ‘Inastalled on the flow line to
catch, the cuttinga (Fig. 10). The box was ooly pap-
tiglly successful. The water jets became frozen
ghut during cold weather, the mud-pit water thit was

pumped. to the box contained enough loat-circulation

materials to plug the jets, and the cattings con~

tinually built up in front of the bow; which caused
With

constant cleaning and maintenance, the box operated

the box itself to becomé clogged with cuttings.

satisfactorily.
Drilling with air contimjed through the sedi-

‘mentary beds with various additiona of scap, mud,

and foam. After the deep casing string wis set, it
was ‘hoped that air de{11ing would :proceed without

difficdilty. However, as the depth increased, it be-
came increasingly difficult.to blow the water out of
the.hole. The air-circulation wedium was satisfac-

tory as long as steéady drilling was in pfogress.



Fig. 10.

Blooie box is shown 1ao.position at the end

of the flow line between the settling ponds.

When drilling was temporarily hdlted to make.a con-
nection, the hole filled with $o tuch wateér that the
compressors. had difficulty unloading the water from
the hole.

Thé eciittings that were returned up the hele
during the‘aif-drilling operaﬁions were very fines
If was suspected that the {¥uéd -afiount of guartz that
wds actually in ﬁhe,rock was not being represented
in the cuttings. This pfamise later proved to be
correct. The quartz erystals, being extremely brit-
tle,were crushed imtc fine powder by the drilling
impact and were either blown away as‘dust or didn’t
settle out with the rest of the cutfings when the
bléaie bdx was.opérating.

At a depth of 1084 m (3556.ft}; with much water
coming ddto thé héleé, a temporary conversion to wa-
ter drilling was made to drill ﬁhrcugh~éhewwater—
bedring -zonsés.

Air drilling began again on May 28, 1974, at a
depth of 1136 w (3728 ft) after the témerted-in drill
pipe had been removed, At that time; water was’ being
blowm from the. hole. at the rate of dpproximately 0.3
mglmin (80 gal/minﬁ, with an air pressure varying
from %.24 to 1.52 MPa (180 psi to 220 psi). On
Jine 2, due to increasing water inflow, air drill-
ing was halted, this time permanently. The Ingersoll-
Rand contract was terminatéd on June 4, and the éom-—
pressor equipment removed from the.gite.

D. Water

Although water had been ugeﬁ for redrill in the

upper parts of the hole and for drilling. through

water-bearing zémés urtill they éould be cemented off,
little consideration was given to steady water drill-
ing until a test of its drilling performance relativé
to air was made .on; June 2.

Two successive runs with Smith. 935 bits provided

this compatrison.

Drilling Medium

Alr Marer
Footage 60,7 m 783w
{193 ft) (257 £t}
Time 39 h 42 h
Bit wear 0.64 cm 0.32 em
(174 in.) (148 in,)
Reamer: wear: 0.32 em 0.16 cm
{1/8 4n.) (1/16 inJ
& none
Rate 1,6 m/h 1.9 m/b
(5.1 £t/h) (6.1 fr/m)

As a.fresult, a permanent conversidn té water
drilling was made. At this time; as well as-in pre~
vious Instances when water was used, a pump was in-
stalled at theé:settling pond and water was pumped
from there to the rig-mud pits. Operations contin-
ued ih this mannef until June 10, whén pumping from
the settling pond was halted and the use of fresh
water entitel? for drilling began.

‘The -fracture zongs in the Branite were aceept-
ing water .at this time and, although the fraction of
retu¥n watér wWas large, very few cuttings were being
returned. It was thought that the cuttings were
‘Not ‘only did

this result in a lack of information gbout the rock

being carried out into the formition.

being drilled, but it was. feared that thé intrusion
of cuttipgs into the formation might adversely affect
future experiments. '

In.view of this, small guantities of bentonite
and lest-citculation materials were added to the
freshi drilling*ﬂatér‘to geal off the water-loss zones
at the borehole and to help carry the cuttings up..
(Testing had indicated that wstér in thé settling
pond was too contaminared to be used for even a
small-stale mud program.} Daily trips wire made to
the site by Baroid persomnel to test the drilling
flutd and make recormendations. On Jume 11, small
amounts, of fine-grained MicaTex  were added; on June 18
the addition of Carbonox-and :caustic- soda wds begun.

The dverage Viscosity of the drilling fluid for
the fipal stages of drilling was 30 to 35 ¢, with a
weight of 1 -kgfliter (8.6 1lb /gal).
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With the use of wdter, drilling progressed wuch
faster and with fewer prablems than with air. The
Water pumps on the drillitg Tig provided a contin~
tous gupply of drilling fluid to the hole, whereas
with aif dfiliing, minor mechanical problems with
the compresgors occurred 'frequently. Alse, oxida-
tion of the drill bits and pipe was considerably
less with water drilling.

XT. DRILL BIT PERFORMANCE
A,  Veleanic Rock

Afrer the conductor casing has been cemented in
place, drilling commencéd with a $mith Tool Company
31.1-cm—diam {12-1/4-1n.), Type 3J8, steel-toothed
tricone rock bit., The répainiag 122 m {400 £t} of
volcanic tuff .rock was drilled rather easily in
about 39 k..

B. Sedimentary Rock

Drill bits. from threé manufacturers were used
in the sedimentary beds to drill the initial 31,1~
em-diam (12-1/4-in.) hole,
kours of use of each bit are retorded on the Drilt
Bit Record Charts in Appendix E.

‘Two Smith Téol Compaiy bits. each drilled neatly
i83 m (GQ@ ft) of hole in‘a single run, wiile the

The- drilied footages: and

‘Hughes To6l Company and Securdty/Dresser bits each
drilled less than half of ‘that amdunt. For the ‘hole-
opening phase of the drilling, Smith 44.5-cm~diam
(17-1/2-1a.) bits were used,

"The footage records of the various bits are, to
a degree, misléading because sc much time was spent
in redrilling and washing-through caving and squesz-
ing layers of shale and clay.
C. Granitic Rocks

The final casing size of 27.3 cm diam (10-3/4
in.} dictated a maximum bit size'of 24.4 cm diam
(9-5/8 in.). Smith Tool Company and Hughes Tool Com-

pany were the only suppliers- who could firnish the
bita in thé time required. .Actually, Hughes Tool
Company supplied only ome bit, which was condidéred
to be too soft For crystalline rock drilling and was
subsequently ugéd only for reaming. Excépt fof the
bits'used to drili cement and bridge plugs, and for
coring, the omly bits used to drili the crystaliine
rock were ‘the Smith 9JS bits.

Because of the difficilty encountered in drill-
ing with air, ITdhg runs with a single bif we¥e not
common practice. The longest run with.a bit -using
air -as theidrilling medium terminated at a depth of
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TABLE I

COMPARTISOR OF -BIT PERFCRHANCE
WITH AIR AND' WATER: DRILLIKG

Az Natar _

Drulgd @t’e;va.l 0.7 & {199 fc) 78.3 m (257 fr)
Dr{lling: tize % h 42h
0.64 em {1/4 in.) 0.32 om {1/8 fn.)

.32 én {148 1n.) 0.15. cm (1/16 in.}
and’ none

Drilling mite 1.6 o/h (5.1 £E/m} 1.9 mfn (6.1 Fr/h}
Drill-string weight 20 Mg (543000 1b) 20.8 Mg (46,000 16}
‘Drilling spead, rpm 40 LL]

BiE wéar.

Beamer wear

866 m (2842 ft), after drilling 72 m (237 £t) in38 h.
Beginning at a depth of 1162 m (3814 ft), records of
the drilled footage, the time in use and the bit wear
were kept for two successive Smith 9JS bits. These
regults. are shown in Table I. 4s a result of the
distinct advantage in footagé and wear thar was ob-
tained with water drilling, a permanent conversicn
to water drillifg was made. '

With steady drilling, a picture of the 1ife of
the Smith 9JS 'bits began to appear. At 40 to 50 rpm
and}é,préssure of 17.2 Mg to 19.1 Mg (38,000 to
42,000 1b ), a bit could be expected to last about
60 h, having diilléd pearly 91 m (300 ft). After
this amount of drilling, the bit was usually about
0.64 ¢m (1/4 in.) out of gauge, missing 15 to 25
buttoﬁs, and with the bottom reamers 0.16 em to

0.32 &m (1/16 in. to-1/8 in.} out of gauge (Fig. 11).

Fig. 11,

Condition of Smith QJS'tricone Yoek bit
after drilling for approximately 60 h.
; Note missing buttons.



TABLE. I%

SUMMARY OF MAJOR DRILLING RUNS IN GT-2

‘Averagé
‘Drilted Drilled ‘Drilling Drilling . Bit Wear Peénetration
Depth Interval _Tlme {h) Rock Formatieon Media {Loes in diam) Rate
870,8-959.2 @ '§§.4 m 27 Granite, granodiorite Air‘ - 1.2 m/h
(2857-3147 £E) (290 fe) (10.7 f£t/h)
969.9-1055,5 m 85,6 m 32—1/2 Granite, granodiorite- Air - 2.6 mfh
{3182-3463 ft) (281 ft). . (8.6 ft/h)
1162.5=1223.2. m 60,7 m 39 Granite Air 0.64 cm 1.6 w/h
{3814-4017 fr) {199 ft) (L/4 in.) (5.1 £t/h)
1223.2<1301.5 m 78.3m 42 Granite Water 0.32 cm 1.9 m{h
(4013-4270 ft) (257 -it) {1/8 in.} (6.1 ft/h)
1304.2-1388.7 m 84.5'm 49-112 Granite Water 0.64 cm 1.7 m/h
(4279-4556 ft) (277 ft) ~ (L/4 in.) (5.6 ft/h)
1388.7-1473.7 m  85.0 m 60-1/2  Granite; granodioriie, Warer 0.64 'cm 1.4 w/h
(4556-4835 £t} (279 ft) quartz monzonite - glﬁé in.) {4.6 ft/h)
1499,9-1595.3 m 95.4 m 65 Granite, grancdiorite, Water 0.64 cm 1.5 m/h
(4921-5234 £t) (313 ft} quartz monzonite (14 inl) (4.8 fr/h)
1597.2-1670 m ?Z,QZm 51 Granite, granodiorite Water 0.64 cm 1.42 m/h
(5240=5479 ft) {239 fr) (1/4-1n,) (4.7 £t/h)
‘1727.9-1822.4 m 94:5ﬂm7 55-1/2 Granite, biotite Water $.32' cm 1.7 m/h
(5669-5979 °ftr) 310 £6) schist, .amphibolite {1/8 in.} (5.6 fc/h})

During the last 10 te 12 h.of operation on a bit, a
If the.

dgsignj'smitﬁ Tool Company manufactured 15 ¢ore bits,

close watch was-kept of the drilling raté. 24.4-cm=0+d. by 6.2-cm-i.d. (9-5/8-in.-o.d. by 2-

rate fell off significantly below the average 1.2 to
1.5 n/h (4 to S-ftfh), or if thesbit began to run
rough or torgue.up, deilling would be halted and the

bit pulled, Thus; a maximim possible usage was ob-

7/16-in.-1.4.), -with four carbide fasert roller cut-

ters to drill the hole and form the core (Fig. 12).
When used. by ‘thé JQIDES Deep Sea Drilling Pro-

ject, the inner core barrel is normally dropped from

tained while sdfeguarding -against roller failure'and
digintegratidn in the hole.

A sumarization of the major drilling runs is
shown in Table II. -

XII: CORING

As a compréhensiveides;fiption of the coring
program and coring equifmgh; used in GI-2 is the
subject of a segarate.ieport {to be published soom),
only a cursory-description #s included here.
A.__ JOIDES Core Bits '

The preliminary drllliggfprogram:for GT-2 id-

cluded a pianffor obtaining-intermittent cores in

the sedimerntary section dnd comtinuous cores in the !
JOIDES Core ‘gjt
Button Toofh
938" x 2 7/1gn

crystalline section. It was planned to use the con-

tinuous wireliné retrievable coring system currently
used by the Joint Ocesncographic Institutions for
Deep Earth Sampling (JOIDES), TFollowing the JOIDES

Fig, 12. JOIDES core bit.
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Fig. 13. Christensen diamond core bit.

As- it
as planned to drill the granitic rocks dn GT-2 with

the surface with the‘borehoie-full af7wateth

air, modifications to the plac1ng and retrieving
_mponents of the coring assemblies were. necessary.
ystem to orient the cores with respéect to their

slacement in the undisturbed native rock was also

incorporated
é; Hany mechanical difficulties were encountered
‘i? fabricating and using the modified corée orien-
ﬁhtion and wireline retrieval system. After the
‘first three coring. runs, the JOIDES bits were uaed
#s conventional bits, with no further attempt at
wireline recovery. ({Investigation and work ¢ontin-
ﬁgd—on'the continuous coring and fatﬁiavalngpch1ema,
but on a diminshéd scdle.) .

When uged as conventional bits, -the JOIDES de-
sign at first provided less-than-satisfactory
recovery. A slight modificatign in bit design, be-
g}nning with ‘Run No. lZ,_pfﬂduced'éufficient improve-
ment to make the recovery comparable:to conventional
diamopd bits. The coringnoperationagare summarized

15 Table IIT, with the pércent. recovery of each core

n, the type of bit and rock:formation shown.

Lt

E. Diamond Core Bits

E After the initial coring operations failed to
produce the desired amount of core recovery, diamond
core bits were used. Standard commercial bits

16

Fig. 14. ‘Retrieval of first didmond core from GI-2.

Note high-angle ‘fracture.

(Fig. 13), Christensen Diamond Products Company 24.4-
em-0.d, by 11.4-em-1.d. (9-5/8-1n; hy-&-lﬂZ—in.},
were employed ‘to make: four coring runs. The first
run witha diamond bit¢ (Fig. 14) was drilled at a
penetration rate of 0.30 m/h (1 £t/h). This, run pro-
duced 1002,recovery (Fig. 15), but the bit life was
oenly 3 m (10 ft). Subdequént modifications in dia-
mond p}acement gave increased footage In later unses.
Coring with didmond bits was discontinued after ré-
covery. with the JOIDES bits improved.

XITI. . TEMPERATURE MEASUREMENT
A. E'qu ipment _and Frequency

Numerous tempetqtuée measurements were made in
the. hole using probes that were designed and fabri-
cated by LASL. Sevéral different types of tempér-
ature Probes were constructed to suit the bottomhole

conditions. The original instruménts were designed

Sectien of Core No.
pegpatite dike,

9 showing a quartz.



TABLE TII
SUMMARY OF CORING RUNS FOR' GT-2

‘Care Recove;y Core

Run Cored Interval, Depth : (Z) Biﬁa'k Rnck.ijed
1 633.4-639:5 m (2078-2098 £t) - 25¢ ' Clay w/limestone chips
'685,2-688.2 m (224B-2258 ft) 50° Shalevwflimestune chips
3 776.3-786.4 mw (2547-2580 ft) 35 I Leucocratie quartz
monmZonite
& 789.4-792.5 m (2530-2600 ft) 33 J ‘Leucocratic quartz
’ monzanite
5 862.9-866.9 m (2831-2844 fr) 30 J Granite
6 B66.9-870.8 o {2B44-2857 ft) 20 J ‘Quartz monzonite
7 960,4-969.9 m {(3151-3182 fr) 20 J Biotite granodiorite
8 1055.8-1059.5 m (34643476 ft) . .17 T Leucocratic quartz
menzonite
9 1125,9-1129.3 m {3694-3705 f@) 100 c Leucocratic quartz
monzonite
10 1303,9-1306.1 m (4278-4285 ft) a5 C Leucacratic granodiorite
and 'quartz monzotite
11 1491.1-1492.6 m (4892-4897 ft) 100 c ‘Bletite trondhjemite,
. ‘leucoeratic granodiorite,
: and quartz monzonite
12 1498.1-1499.9 m (4915-4921 ft) 100 I Leucocratic quartz
monzonite
13 1595.3-1597,1 w (5234-5240 £t) 38 I Quartz monzonite,
grancdicrite
14 1672.4-1674 m (5487-5492 it) 90 C anrtz monzonite
15 1723.3-1725.2 m (5654-5660 fr) 92 J Horntlende biotite.schist
16 1822.7-1824.5 m (5980-5986 fi) 100 J ‘Hornblende biotite schist
17 1874,5-1876.3 m (6150=6156 &) 66 I Quartz monzonite
18 1876.3-1878.2 m (6156-6162 ft) 100 J ‘Quartz monzonite
19 1933,7-1935.5 m (6344=6350 FE) 16 J Granodiorite
20 1935.5-1937..3 m (6350-6336 £t) 5 i Granitic chips
g& - JOIDES bit.
<& - Christénsen Dlamond Products Company bit.
dereline core barrel retrieval.

‘Rock -type for Cores No, 3, 4, 5,7, 8, 9, 10, 11, 12, 13, and 19 determined from petrographic examination
of thin sedtions., Tdentification of thé remalnder of the corés by hand spécimen examination. :
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for a dry hole, bit later probes were built.for ope-
ration under-pressurized wet conditions: A low-masa
probe was used late in the program and proved to he
very useful because of its fast response: In the
lower regions of the hole, temperature measurements
were scheduled at ‘about $1-m (300-ft) intervals.

The average rate of temperature increase with
depth in the crysta;liqg~:ockg;was.5§°kam. The
bottomhole temperature was 137.5°C.

B.. Cirfeulaticn Procedure

The following procedure was developed to stand=-
ardize the HrilIingflﬂggihQACbring;hedueqce of.
operations.

1. After termination of drilling with a Smith
9J§ full-face bit, circulation was waintained to
clean the hole by stages.

{a) Pull bit 0.3 m (1 ft) off bottow, and
circulate drilling fluid 1 mia.

(b} Pull bit.l.5 m (5 ft) off bottom, and
 eirculate 5 min. ’

{¢) Pull bit 15.2 m (50°ft) off bottom,
and .eiteulate 1 h.

(d} Withdraw drill string from hole.

2.. Run temperature logs (24 to 48 ‘h),

3. Obtain core.

4,; Resumeé 4¥illing with full-face bit, for
approximately 60 h,

Hourly bottomhole temperature measurements Were
recorded for periods-up to 48 h. The:rate of temp-
erature increase for each logging run, as the bottom-
hole conditione approached equilibrium, usually al-
lowed a reasonable extrapolation of final tempers-
tures to be made after about 40 h of measuremente..
However, on June 25, at a depth of 1670 m (5480 ft);
a temperature of 125.4°C was obtaineéd which did not

geem to follow a predictable pattern of increase:

“A fracture zone had been encountered near the bottom
of the hole, and this zone may have been. abnormally !
coaled by the éntrance of drilling fluid.

G. High-Viscosity Mud

Prior to obtaining the last three témperature
measurements, & slug of high-viscosity mud-was placed
in the bottom of‘thg hole to prevent convective
circulation., The mud consisted of 16 bbl of Aquagel
mix (185 5 viscosity) with eight sacks of barite

-powder .
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“¥ig. 16, Diagnostic logging services performed in

GT-2 from March through May 1974.

XTV. LOGGING

Tiagnostic logging operations were performed in
the hole by three commercial 1oggiqg companies, by
the U. 5. Geological Survey (USGS), and by personmel
of the Log Alamos: Scientific Laboratory.

A total of eight diagnostic logging operations
were performed hy commercial logging companies.
Summaries of these logging operations are shown in
Figs. 16-18, which designate the depths that each
type of log was ran, the dates and’ the company that
pérformgd the work,

The U. §. Geological Survey conducted téeleviewer
gurveys of the hole between depths: of 996—1ﬁ21=m
€3270-3350 £t} and 1050-1094 m (3445-3590 £t), and
temperature, caliper, and single-point resig;ivity
iogs at varying depths. The USG5 televiewer logs
were not oriented because.the magnetometer failed to
operate at the Cemperatures encountered in the hole
at- those depths.

Logging operations by LASL consisted only of
temperature surveys. :

At various depth intervals, a significant ir-
crease in hole diameter was observed between success-
ive caliper logs. These zones of diameter’ increase
were noted at depths: of 917-923-m (3008-3030 ft),
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Fig. 17. Diagnostic logging services performed in

GT-2 during June 1974.

1172-1180 m (3845-3870 ft), and 1270-1289 m (4166-
4230 ft), where the maximum diameter changed from
28 to 39 em (11 to 15.5 in.). .

In general, the sonic, 3-D and gamma-gamma logs
displayed an excellent correlation with the caliper
logs. Lower sonic velocities and lower bulk densi-
ties were measured in the larger diameter sections
of the hole. The neutron and resistivity logs also
showed a good correlation with the caliper logs, in
that higher apparent porosities and lower resistivi-
ties were recorded in the larger diameter sections.

Additional discussion of the logging operations

is included in Section XV.

XV. COMPARISON WITH PLAN
A, Sediments, Phase I-A

1. Measurements. Due to extremely difficult

drilling conditions, a few of the proposed drilling-
related measurements as outlined in Phase I-A of
All

efforts were directed toward keeping the hole open

the drilling plan (Appendix B) were not made.

to enable drilling to continue, rather than possibly
sacrificing the hole for the sake of the measurements.
a. Accurate drilling rates were recorded

and effective bit 1life was determined for most of
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Fig. 18. Diagnostic logging services performed in
GT-2 during June and July 1974.
the hole. Obviously, the drilling records are of no

value when redrilling through cement or through cav-
ing zones was done.

b. Only three attempts at coring were made
When

drilling was in progress in the upper, more competent

in the sedimentary beds above the granite.

beds, the necessary coring equipment had not yet ar-
rived on the job site. Later, when coring apparatus
was available, the lower sedimentary beds did not
lend themselves to it. Also, because of the caving
conditions encountered in the Madera and Sandia
Formations, any shutdown of the drilling operation

to pull core samples invited disaster from increased
caving.

c. Stabilized bottomhole assemblies were
used in all drilling operations and the small amount
of hole deviation (maximum 1-3/4 degrees from the
vertical) can be attributed to this practice.

d. Much was learned about mud drilling in
the Permian and Pennsylvanian sediments, and this
knowledge can be applied in outlining a more effect-
ive mud program for future drilling.

e. Because of the high usage of lost-circu-
lation materials and the need for constant replenish-

ment of the drilling mud due to leakage into the
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formation, it was not possible to maintain useful
records of fluid-circulation and heat-removal rates
from the hole.

f. Drill cuttings were obtained at 3-m

(10~ft) intervals and have been used extensively for

interpreting the lithology of the Paleozoic sediments.

2, Coring Measurements. Cores were not obtain-

ed in the upper part of the granite surface as plan-

ned because of the severe caving of the sediments
immediately above the granite. As much footage was
made as quickly as possible to get out of the hole
with the drill pipe and to set the deep casing in
place.

3. Diagnostic Logs. Prior to setting the 34-

cm-diam (13-3/8-1in.) surface casing, three groups
of diagnostic logs were run in the open hole by
Birdwell Logging Company. These consisted of temp-
erature, gamma ray and caliper in the first run;
electric logs with a self-potential and short-normal,
long-normal and 5.5-m lateral spacing in the second
run; and the 3-D velocity log with 2-m and 3-m spac-
ings in the last run. The logs were of inestimable
value in determining the depth to a competent bed
of limestone in which the casing could be set. The
logs were also helpful in determining the depth of
(The red

color of the Abo stained the drilling mud and col-

the top and bottom of the Abo Formation.

ored the cuttings from the top of the Madera Lime-
stone, making this boundary difficult to distinguish
vigually.)

An attempt to obtain another set of diagnostic
logs was made before setting the deep string of cas-
ing, but could not be accomplished due to caving and
bridging in the hole.

4. Post-Cementing Studies. After the 27.3-cm-

diam (10-3/4-in.) casing had been set and cemented
‘40 m (130 ft) into the granite, logs were again run
by Birdwell to determine the cement bond and temper-
ature, as well as full-depth gamma and neutron logs.
A 3.6-m (12-ft) section of hole was drilled below
the casing and satisfactorily pressure tested.

The majority of the mud-drilling-related mea-
surements and activities as set forth in the pro-
posed plan for Phase I of GT~2 were accomplished.
The two notable exceptions were the fluid-circula-
tion rate and heat-removal measurements, and the

éoring activities.
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3. Granitic Basement, Phase I-B
The Phase I~B plan for drill-

ing-related measurements and studies in the crys-

1. Measurements.

talline rocks was based on two major assumptions:
(1) that presently developed drilling equipment would
be suitable for performing the continuous coring
drilling operations, and (2) that all drilling would
be done with compressed air in a relatively imperme-
able formation. As neither of these presupposed
conditions was encountered, this drilling phase was
quite different than that which had been envisioned.

A discussion of the coring operations and air
drilling has been covered in other sections of this
report.

Although the operating conditions were quite
different than thogse that had been anticipated, most
of the planned measurements were obtained.

a. Circulating air flow rate was not
obtained. Air circulation was not maintained with
any regularity after excessive water was encountered
in the hole. Air pressure in the bottom of the hole
would build up to a point sufficiently high to blow
the water out, and the hole would unload temporariiy.

b. Air inlet and outlet temperatures were
not recorded because of the difficulties with un-
loading the hole. However, after conversion to water
drilling, the circulating water inlet and outlet
temperature levels were continuously recorded at the
LASL logging van. '

c. Circulating air inlet pressure was con-
tinuously recorded during the short-lived air-drill-
ing phase.

d. Rotary table revolutions (rpm) were not
continuously recorded, but frequent notations of the
bit rpm were recorded in the daily log.

e. Hook load was continuously recorded on
the TOTCO Drilling Recorder.

f. Hole depth was continuously recorded on
the TOTCO Drilling Recorder from the beginning of
the operation.

g. Drilling rate was recorded by the TOTCO
Continuous Drilling Rate Logger.

2. Drilling~Related Studies

a. Coring rates were obtained when coiing
operations were in progress. Penetration rates were
likewise recorded for the full-face bits in both air

and water drilling. The type of crystalline rock,



except for badly fractured zones or thick soft veins,
seemed to have little effect on the drilling rate.

b. With the formation accepting water most
of the time, it was impractical to try to measure
the amount of heat removed from the formation.

c. An on-line effluent analysis for trace
contaminants was not maintained. Downhole gas and
water samples were taken periodically when tempera-
ture measurements were made.

3. Core Studies and Measurements. Each sec-

tion of recovered core was examined, labeled, petro-.
logically identified and petrographically studied

in the field soon after extraction. Existing frac-
tures, their orientation, and the degree and type of
cementation were recorded on sketch sheets for each
core run. Sonic velocity measurements were also
made in the field on selected cores to determine if
any anistropy existed in the freshly-recovered core
and if any changes in properties occurred during the
.period required to transport the cores from the
drilling site to the laboratory.

The core was taken to LASL soon after extrac-
tion for subsequent detailed petrographic and petro-
fabric studies, and for measurement of selected
physical, thermal, and chemical properties.

In addition to the core samples, cuttings were
collected from the flow line or shale shaker at 1.5-
m-depth (5-ft) intervals. These cuttings proved

very useful in determining lithologic changes in the
formation and as a guide in determining the depths
at which cores should be taken.

4. In Situ Temperature Measurements. Although

temperature measurements were not made at the inter-
vals originally specified (because of the longer
time required to reach equilibrium than had been

anticipated), enough measurements were obtained to

‘determine the thermal gradient (see Section XIII, on

temperature measurements).

5. Diagnostic Logs. More logging runs were

made than had originally been scheduled. In view of
the lack of core information to establish the char-
acter and integrity of the rock formations, the
information obtained by the diagnostic logs was
invaluable. The dipmeter log was especially useful
in mapping the orientation of fractures exposed in

the borehole.
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APPENDIX B

EXPERTMENTS AND MEASUREMENTS PLANNED DURING

THE DRILLING PHASE OF GT-2

March 20, 1974

A. During the Mud-Drilling Phase of GT-2 (through

the volcanics and Paleozoic sediments, and about 76
m (250 ft) 1into the underlying Precambrian basement
rocks--to a total depth of about 790 m (2600 ft)).
1. Drilling-Related Studies.
drilling phase of GT-2, a variety of studies will be

During the mud- |

made that will help in the planning and execution of
the subsequent drilling program for EE-1 and EE-2,
the deeper and shallower legs of the planned two-
hole circulation experiment,

a. Drilling Rates. Accurate drilling rates

using a well-stabilized and stiff bottomhole assembly
will be obtained for 31l-mm-diameter (12-1/4-in.)
drilled holes in granite (or other basement crystal-
line rocks) using mud as the circulating fluid. Drill-
ing rates in the upper volcanics and sediments will
also be determined.

b. Coring Rates. Accurate penetration

rates during coring with a Deep Sea Drilling type,
roller-cutter core bit will be obtained for a wide
variety of rock types.*

c. Results from the Packed-Hole Drilling

Assembly. The effective bit (actually bearing and
insert) life and minimized hole deviation resulting
from the use of a stiff, stabilized, bottomhole as-
sembly will be assessed for future drilling programs.

d. Development of an Effective Mud Program.

The Permian red beds, underlying much of the South-
west and Texas,** as well as the sedimentary basinsg
of the Rocky Mountain West, are renowned for causing
severe drilling problems.

However, with an experienced mud engineer from
a good mud company, a suitable mud program will be
developed to permit the drilling of the Abo Formation
(with its swelling clays, lost circulation and cav-

ing formation problems), and then to maintain a

%Since this will be the first use of the JOIDES-
developed core bit for continental drilling, its per-
formance while drilling through a representative
geologic section--including a section of basement
rock--will be of vital interest to any future deep
continental exploratory drilling program.

**Referred to as the Abo Formation in New Mexico.

stable hole through this 270-m-thick section of red
beds while drilling an additional 300 m through the
older Paleozoic sediments and into the Precambrian
basement.

e. Fluid Circulation Rate and Heat Removal.

The circulating fluid flow rate and inlet and outlet
temperatures will be constantly recorded during the
mud-drilling phase of GT-2 for subsequent tempera-
ture profile corrections,

f. Cuttings Analysis. Drill cuttings (a

representative sample to be obtained for every 3-m
interval), augmented by cores and diagnostic logs,
will be used in interpreting the lithology of the
surface volcanics and Paleozoic sediments and the
petrology of the Precambrian basement.

2. Coring and Related Core Measurements

a. While bPrilling the Paleozoic Sediments.

A 9.1-m (30-ft) core will be cut approximately every
60 m. These cores, cut at a 62 mm (2-7/16 in.) di-
ameter, will be field examined for stratigraphic and
related geologic information; and then stored for a
laboratory determination of thermal conductivity,
density, permeability, and other properties as a
function of depth.

b. At the Top of the Precambrian Basement.

Depending on core-bit performance, the top 6 to 9 m
of the crystalline basement rock will be cored to
provide an accurate determination of the degree and
depth of the weathered zone, and to give an indica-
tion of the joint pattern at and just below this
ancient surface. A petrographic study of these cores
may yleld much information on this geologic surface.

c. At 30-m Intervals Below the Precambrian

Surface. If the first coring and subsequent hole-
opening operations in the crystalline basement rock
are successful (as appears probable), additional 6-m
cores will be cut thereafter approximately every

30 m.

termine whether, at successive 30-m intervals below

The primary purpose of these cores 1is to de-

the Precambrian surface, steel casing set and cement-
ed at each such depth would adequately isolate the

remainder of the hole from the overlying sedimentary
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formations, particularly during post-drilling high--
pressure hydraulic fracturing experiments. Therefore,
the actual casing setting depth will be determined
from a field examination of these cores.

d. Oriented Cores. If sufficient time is

available to obtain the required equipment, the cores
will be magnetically oriented. From the sedimentary
cores, paleostructural information (the strike and
dip of bedding planes and paleomagnetic information)
can be obtained for that portiomn of.the Paleozoic .
era represented in the Jemez Plateau area.

3. Diagnostic Logs. Follow;ng the completion

of the mud-drilling phase of GT-2, but prior to set-
ting and cementing casing (unless the particular log
can be run through casing), a complete suite of diag-
nostic logs will be run in the open hole by a commer-
cial logging company (Schlumberger, Birdwell, or
equal). Using a variety of standard oil-field log-
ging toois, and several recently developed special
logging and/or diagnostic techniques, the variation
with depth of formation lithology and a variety of
significant rock phyéical properties will be measured.
The rock properties to be determined by the combina-
tion of these logging techniques include:

a. Elastic Properties. The compressive

and shear wave velocities will be measured in situ
by the use of a full wave continuous velocity re-
cording sonde (3-D velocity log). Poisson's ratio
can be found by the relationship between the com-
pressive and shear wave velocities. Poisson's ratio
is a parameter in the equations of elasticity which
express the relation between the principal stresses.
Using the compressive and shear velocities and the
bulk density, the shear modulus and Young's modulus
can be computed for use in the analysis of the me-
chanical reaction of the rock to a particular stress
‘field.

The bulk
density of the rock will be measured by use of a

b. Bulk Physical Properties.

gamma-gamma sonde which records the back-scattered
gamma radiation resulting from the rock being exposed
to a source of gamma radiation. Inferences as to

the porosity of the rock can be made from the neutron
log, the velociéy log and the electric logs.

c. Electrical Properties. The resistivity

will be measured using several sonde electrode spac-
ings to give various depths of investigation. Spac-

ings to be used are short normal (0.4 m), long normal
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(1.6 m), and the 5.5-m lateral. The guard (or SP)
iog, which utilizes an induced electromagnetic field
to measure resistivity, will also be used. The nat-
ural electric self-potential generated by streaﬁing
potentials or electrokinetic phenomena will be logged
to help define lithologic changes and possible water
movement. '
d. The §£tike.and Dip of Bedding Planes

and the Presence of Fractures. - A device known as

the dipmeter (using three wall electrodes) will be
uged to map the character of the borehole wall,
especially the spatial orientation of bedding planes
The "3-D" velocity tool will also

give information as to the mechanical nature of any

and fractures.

observed fractures.

e. The Degree of Formation Induration.

The variation of the borehole diameter as seen on
the calipe;.log is a relative indication of the
rock induration.

For the above rock physical property determi-
nations, and for associated lithologic studies, the
following logging tools will be used.

Caliper log*

Induction-electrical survey*

Density (scattered gamma) log

3-D sonic velocity log*

Garma log (natural gamma activity)

[T (- T = YO o B ~ ol -]

. Dipmetef survey¥*

g. Neutron-activation log (primarily a
function of the hydrogen (water) content of the ad-
jacent rock)

h. Temperature log

4. Post-Cementing Studies. After the casing

has been cemented in place and the cement allowed to
set up (about 36 h), the cement will be cleaned out
of the pipe with a 244-mm (9-5/8-in.) drill bit, the
float shoe drilled out, and about 3 m of hole drilled
The circulating fluid for this
After pull-

below the casing.
brief drilling operation will be water.
ing the bit, a cement-bond log,** temperature log,
and a nuclear cement log will be run to determine
the quality and integrity of the cement job. These

logs will show any regions where the cement is not

bonded to the casing, or zones where the cement slur-

ry has channeled.

*Must be run in the open hole prior to setting casing.
**A gpecial use of the "3-D" log.
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Finally, a pressure check of the short openhole
section and the casing will be made. The object of
this test 1s to assure that the cemented casing and
adjacént basement rock form a sufficiently imperme-
able barrier between the remainder of the open hole
and the overlying Paleozoic sediments.

B. During the Continuous Coring Phase of GT-2

(Drilled in Precambrian basement rock, from about
0.79 km to a final depth of about 1.37 to 1.83 km).

Continuous coring in crystalline rocks will pre;'

sent a unique opportunity to. correlate the various
drilling functions with the physical properties sub-
sequently measured on the cores, for use in the ad-
vancement of drilling technology. During the contin-
uous-coring phase of GT-2, the following drilling-
related functions will be continuously recorded.

a. Circulating air flow rate.

b. Circulating air inlet and outlet temp-
erature levels.

c. Circulating air inlet pressure.

d. Rotary table (bit) revolutions per
minute.

e. Hook load: that portion of the total
drill string weight being supported at the surface.
(From this measurement, the corresponding weight on
the bit can be calculated.)

f. Hole depth.

g. Drilling rate (min/ft).

1. Drilling-Related Studies. During the con-

tinuous~coring phase of GT-2, an additional group of
drilling studies will be made that will be pertinent
not only to the subsequent drilling of EE-1 and EE-2,
but also to any future continental deep geosclences
drilling program. This phase of the GT-2 drilling
program represents the first known use of a tapered-

cone roller cutter core bit* for coring in contin-

‘ental crystalline basement rock, and has the poten-

tial for placing LASL in a preeminent position rela-
tive to any future U. S. deep geosciences drilling
program.

a. Coring Rates. Accurate coring rates,

using a well-engineered bottomhole assembly (reason-
ably stiff and well-stablilized), will be obtained
for the air drilling of a variety of crystalline

*Ag compared to the previous use of much slower )
drilling (and much more expensive) diamond core bits.

basement rocks. In addition, an analysis of the
éontinuously recorded values for rpm, bit weight and
penetration rate, in conjunction with core-derived
petrologic information, will allow a determination
of the optimum set of drilling conditions for each
type of rock penetrated.

b. Coolant Flow Heat Balance. The measured

coolant air-flow parameters will allow a post-drill-

ing analysis of the formation heat removed during

the air-drilling phase of the operation. This will

permit a better evaluation--than was posgible for

GT~1-~of the thermal recovery of the hole with time.
c. Effluent Air-Flow Analysis for Trace

Contaminants. An initial request to H-Division (H-5)
has been made to provide an on-line effluent analysis
during the air-drilling phase of GT-2, for noxious
or hazardous trace contaminants such as st, C0, and
CH&'

2. Oriented Coring Program. Cores from the en-

tire drilled section of igneous and metamorphic rock
below the casing setting depth (at about 0.79 km)
will be recovered in a continuous coring operation.
Wireline recovery techniques, developed for the Deep
Sea Drilling Program, will be used to recover the
core in 9-m sections. The drilled hole diameter for
coring operations will be 244 mm (9-5/8 in.), with

a core diameter of 62 mm. Each section of core will
be described following core recovery. The core
orientation will be determined magneticslly to allow
subsequent determinations of the actual strike of any
exposed fractures or other rock structural features.

3. Core Studies and Measurements. Each recov-

ered section of core will be examianed initially in
the field.* The rock will be labeled, petrologically
identified, and visually studied, noting any existing
fractures, their orientation, and the degree and

type of cementation on individual core-run sketch
sheets. The core will then be trucked to LASL for
subsequent detailed petrographic and petrofabric
studies, and for the measurement of selected physi-
cal, thermal, and chemical properties. The distri-~
bution of individual core pieces for the various

studies will be recorded in a core library log book.

*The orientation and depth of the cored interval
will be entered in a drill site -log book. The core
orientration will also be permanently marked on the
core as it is broken into nominal 1.5-m (5-ft)
lengths, '
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a. Programmatic Core Studies and Measure-

ments. Before proceeding with the drilling phase of
the two-hole circulation experiment adjacent to GT-2,
certain specific core studies and measurements will
be performed.. Primary among these is an assessment,
based on an intial examination of the fracture pat-
terns shown in the cored interval of Precambrian
basement rock (580 m or more), of the natural frac-
ture system anticipated at the projected depth for
EE-1 (about 2.3 to 2.8 km as discussed later). One
would anticipate that the number of fractures would .
decrease with depth below the Precambrian surface,
but this assertion must be verified.*

In addition, the room-temperature thermal con-
ductivities of selected Precambrian core samples
will be measured in the laboratory (in a saturated
condition if possible). Combined with the measured
temperature gradient (and the second order effect
of the varilation in radiogenic heat generation if
'available), these data will allow an extrapolation
of temperature to the projected depth for EE-1. Based
on the best available heat-flow and rock-conductivity
data from GT-1 and the previous four deep heat-flow
holes, the projected temperature at the bottom of
EE-1 is expected to be 230°C at a depth of 2.3 km,
and 275°C at a depth of 2.8 km.
jections will be improved, based on the temperature

However, these pro-

profile data and thermal conductivity values obtain-
ed from GT-2,
b. Later Core Studies Relating to Subse-

quent Geosciences Experiments. Though seldom men-

tioned, one of the distinct advantages of a complete
core record is in the planning and analysis of sub-
sequent small-scale hydraulic fracturing experiments.
Based on the experience gained from the fracturing
experiments in GT-1, a knowledge of the rock type
‘and an accurate picture of the existing fracture
pattern (number, orientation, and degree of cemen-
tation) for the zone to be fractured, is a decided
hglp in analyzing and interpreting the experimental

results.

*From previous in situ studies of GT-1l, the presence
of pre-existing hydrothermally cemented fractures
results primarily in the lowering of the required
hydraulic pressure for fracture initiation by seve-
ral tens of bars below that for unfractured rock.
That is, these cemented fractures represent zones of
relative weakness (in terms of tensile strength),
but have no apparent effect on the bulk permeability
of the rock.

26

A detailed petrographic analysis of representa-
iive core samples, for mineral content, degree of
hydrothermal alteration, and trace element content,
will be needed for subsequent laboratory and in situ
geochemical studies. These petrographic analyses,
in combination with age-dating and structural infor-
mation, will permit a broader geological study of
the Precambrian basement underlying the Jemez Plateau
and the influence on it of the adjacent Valles vol-
canic coﬁplex.

Since radioactive decay processes are believed
to be the major source of heét generation within the
earth, it would be desirable, programmatic conside-
rations permitting, to perform a study of the heat
generation and radioisotope distribution along the
GT-2 cores, as an approach to the problem of the
evaluation of the fraction of total heat flow which
can be ascribed to radiogenic heat production in the
rocks. The complete interpretation of heat-flow
data requires a knowledge of the distribution of the
major radioactive elements 238U, 2350, 232Th, and
AOK within the crust and upper mantle. Most of our
present knowledge of this distribution is restricted
to near-surface rocks, so that the distribution of
radioelements at depth can only be inferred from
what we see near the surface. These new data not
only give added insight on the hypotheses of various
authors, but would provide a comparison standard for
the possible development of tools for in situ meas-
urements of radioisotope distributions.

4., In Situ Temperature Measurements. During

the continuous-coring phase of GT-2, the rock temp-
erature at the bottom of the hole will be measured
every 18 m (following every other core recovery.)
These measurements will be made using a special wire-
line tool lowered through the center of the drill
string and core bit, and coming to rest on top of
the short stub of rock projecting from the bottom of
the hole after core recovery. The bottom of this
tool will be fitted with an insulated, spring-loaded,
thermistor probe (accurate to about +0.05°C). Above
the thermistor probe and a section of thermal insu-
lation, the tool will contain two evacuated, surface-
actuated, gas-sampling bottles.

The least thermally disturbed region of rock at
any time during the drilling operation is at the very
bottom of the hole. For example, the material around

the 100-mm-long stub of cored rock left at the bottom



of the hole following each core recovery will have
been removed by drilling in less than 2 min. Further,
this stub of rock will have almost 2 h for thermal.
recovery between the time that air circulation is
stopped and the time that the temperature sonde fi-
nally reaches the bottom of the hole.

After the temperature sonde reaches the bottom
of the hole, the continuing thermal recovery of the
rock at the bottom of the hole will be monitored for
approximately 30 min. Analytical studies suggest
that a close approach to an undisturbed rock stub
temperature can be achieved by controlling the drill-
ing process (rate of penetration, circulating air
flow rate, and drill bit enmergy input).

During this time, two samples of the connate
fluids outgassing from the surrounding rock will be
collected for subsequent chemical analyses, particu-
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larly for the ~ 0 to ~ 0 ratio (a potential geochem-

ical thermometer).

5. Diagnostic Logs (Dry Hole). Following the

completion of the continuous-coring phase of GT-2,

a second suite of diagnostic logs will be run by a
commercial logging company, including several full-
depth temperature logs (+0.3°C). Essentlally the
same measurements that were previously made in the
upper hole will be repeated for the lower section of
the hole, except for those logs that must be run in
water. The diagnostic logs that will be run at this
time will include:

a. Temperature. This will be the first log
(run as soon as the hole is available), and 1t will
be repeated at the end of the logging sequence.

b. Caliper* (run in combination with the
gamma and neutron logs).

c¢. Density* (scattered gamma).

d. Neutron (60Co neutron source).

e. Gamma (natural activity).

The neutron log will be run in both the dry and

fluid-filled holes in an attempt to assess fluid

penetration into any existing open fracture systems.

*Run from just above the bottom of the casing to the
bottom of the hole.

APPENDIX C

SPECIFICATIONS FOR GEOTHERMAL TEST HOLE NO. 2

October 31, 1973

Specification No. LAB-SP-3379

PART C-1

SPECIAL CONDITIONS

SC-01. STATEMENT OF WORK

A. Location.

The drilling site for GT=2 is
located in the northeast quadrant of Section 13,

The site,
at an elevation of 8690 ft, is within the Jemez

T19N, R2E, Sandoval County, New Mexico.

Springs Ranger District of the Santa Fe National
Forest, in an area referred to geographically as
the Jemez Plateau. The drilling site is adjacent

to State Highway 126, 40 road miles west of Los
Alamos and 15 road miles north of Jemez Springs. A
ZQp-yd-long access road is available to the drilling
location.

B. Description of Work. The work consists

of furnishing all personnel, equipment, facilities,
materials, supplies, fuel and services, unless other-

wise specified, to perform the following.

1. Drill a 12-1/4-in. hole, with inter-
mittent coring, to a depth of approximately 2600 ft
using mud as the circulating fluid; run logs and
surveys as directed.

2. Run and set 10-3/4-in. casing at
2600 + ft; cement as directed.

3. Continuously core a 9-5/8-in. hole
to a depth of 6000 ft, or until a total of 57 days
have elapsed since the beginning of drilling opera-
tions (not including standby-secured days). In the
event that the minimum specified depth of 4500 ft
has not been reached within this 57-day time limit,
the University* retains the option of extending the

*The Los Alamos Scientific Laboratory of the Univer-
sity of California, here and after referred to as
the University.
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drilling program until this minimum depth of 4500 ft
has been reached.

C. University-Furnished Items. The Univers-

ity will furnish, for the work under this contract,
the items listed in Part C-I. '

D. Seller (Contractor) Minimum Equipment
Requirements.

The minimum equipment and services

to be furnished and operated by the Seller (Contrac-

tor) at no additional cost to the University are
listed in Part C-VI.

Note: 1In all subsequent portions of these specifi- .
cations, the "Seller" will be referred to as the
""Contractor.”

E. Contractor-Furnished University-Reim-

bursable Items. Equipment and services which the
Contractor may be required to furnish and the cost
thereof reimbursed under the provision of SC-05,
Paragraph 5, Special Items and Services, are listed
in Part C-VII.

SC-02. COMMENCEMENT OF WORK

The Contractor shall complete mobilization

within 15 calendar days after the date of receipt of
the notice to proceed. It is expected that this
notice will be given in early January 1974.

SC-03. CONTRACTOR'S WORK WEEK AND PERSONNEL

REQUIREMENTS

The Contractor shall furnish qualified per-
sonnel sufficient to maintain a 24-h day, 7-day work
week operation with a five-man crew as follows:

1 Supervigor available at all times.

Driller for each crew.

1

1 Derrickman for each crew.

2 Rotary Helpers for each crew.
1

Motorman for each crew.

SC-04. ACCOMMODATIONS FOR CONTRACTOR'S PERSONNEL

No University-furnished camping or messing
facilities will be available. Commercial accommoda-~
tions and eating facilities are available in both
Jemez Springs and Los Alamos.

SC-05. UNIT PRICE ITEMS DEFINED

1. Mobilization.

All moving-in and rigging-

up operations shall be performed by the Contractor
and paid for under Item No. 1 of the Unit Price
Schedule (Part C-IX). Mobilization shall be complete
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when all equipment is rigged up, operational and the
Contractor is ready to enter the conductor hole in
preparation to start the 12-1/4-in. hole.

2. Hourly Rate Operations. All operations

under this category shall be at the direction of the
University, and will be performed with a full com-
plement of operating personnel. These operations
shall include, but will not be limited to, the
following:

(1) Coring;

(2) Reaming;

(3) Drilling;

(4) Logging;

(5) Testing;

(6) Running casing;

(7) Cementing;

(8) Waiting on cement;

(9) Waiting for orders;

(10) Hydraulic fracturing.
a. With Drill Pipe.

tions requiring any part of the drill string (drill

Hourly rate opera-

pipe) to be below the rotary table will be paid for
under Item No. 2.a. of the Unit Price Schedule,
Part C-IX.

b. Without Drill Pipe.
operations without drill pipe will be paid for under
Item No. 2.b. of the Unit Price Schedule.

h 3. Standby-Secured.

Hourly rate

When directed by the

University, the Contractor shall cease all opetationa
All equipment may be secured and personnel need not
be in attendance. Standby-secured rates will con-
tinue until normal operations are resumed, but under
no circumstances shall exceed 24 hours after receipt
of notice from the University to resume operation.
Standby-secured time will be paid for under Item

No. 3 of the Unit Price Schedule.

4. Demobilization. Upon completion of the

work under this contract, the Contractor shall re-
move all rubbish, debris and his equipment from the
drill site. All materials, work and services re-
quired for demobilization by the Contractor will be
paid for under Item No. 4 of the Unit Price Schedule.
The Contractor will not be regsponsible for restoring
the work site or draining the reserve pit.

S. Special Items and Services

a. In the event the Contractor should
purchase or rent special tools, materials, and ser-

vices at the direction of the University (including



fuel), the University will pay the Contractor the
actual invoice cost including sales tax where appli-
cable, of such tools, materials, and services def
livered to the work site less all discounts, refunds,
rebates, and salvage allowances to which the Con-
tractor is entitled.

b. The Contractor will deliver applica-

ble Nontaxable Transaction Certificates to all third~

party suppliers of such special tools, materials,
and services. The details of the Comtractor's re-
sponsibility are given in Note 2, which is an addi-~ -
tion to Article XX of Form No. 765, Los Alamos Scien-
tific Laboratory Terms and Conditions of Purchase.
c. Payment for these special tools,

materials, and services will be made under Item No. 5
of the Unit Price Schedule upon receipt by the Uni-
versity of paid invoices evidencing receipt of such
tools, materials, or services by a University repre-
sentative. No separate payment will be made to cover
Title to all

tools and materials purchased by the Contractor pur-

overhead or profit for this service.

suant to the direction of the University as provided
above, shall pass directly to the Government and all
invoices shall so provide.

SC-06. CLEAN UP

The Contractor shall at all times maintain
the work site in an orderly manner and free from ac-
cumulations of waste material or rubbish. No trash
burning, dumping or  burying will be permitted on or
about the premises of the drilling location or on
the adjacent Forest Service land.

SC-07. SITE INVESTIGATIONS AND REPRESENTATIONS

The Contractor acknowledges that he has sat-

isfied himself as to the nature and location of the
‘work; the general and local conditions, particularly
those bearing upon transportation, hauling of mate-
rials, availability of water, roads and uncertainties
of weather, and the physical conditions at the drill-
ing site; the character of equipment and facilities
needed preliminary to and during the prosecution of
the work; and all other matters upon which informa-
tion is reasonably obtainable and which can in any
way affect the work or the cost thereof under this

contract.

SC-08. RECORDS AND OBSERVATIONS

Providing the following records and observa-
tions shall be a part of the Contractor's general
responsibility for which no additional payment will
be made.

A. A Daily Drilling Report shall be kept on
a standard AAODC API report form acceptable to the

University. The Unit Price Schedule quantities for
payment purposes will be taken from the copy of the
AAODC Daily Drilling Report delivered each day to a
representative of the University.

B. Bit Records will be maintained daily and
posted in the dog house. A complete bit record will
be furnished to the University showing bit types,
footages, depths, serial numbers, and condition when
pulled.

C. Accurate Pipe and Bottomhole Assembly

Tallies shall be the Contractor's responsibility and
shall be available at the drilling site for inspec-
tion at all times, Pipe and casing measurements
shall be furnished as directed by the University.

SC-09. RESPONSIBILITY FOR LOSS OF OR DAMAGE TO

EQUIPMENT

A. Contractor's Surface Equipment. Contractor

shall be liable at all times for damage to or de-
struction of Contractor's surface equipment including
all drilling tools, machinery and equipment for use
above the surface, and for any other type of equip;
ment including in~hole equipment when such in-hole
equipment is above the surface regardless of when or
how such damage or destruction occurs. The Univers-
ity shall be under no liability to compensate the
Contractor for any such loss except loss or damage
thereto caused by negligence of the University, its
agents or employees.

B. Loss of Tools in the Hole. When it is

necessary to fish for tools in the hole, the Con-

tractor shall initiate such action as is required to,
commence fishing operations as soon as possible. The
Contractor will not be held responsible for costs
resulting from the loss of tools or for costs of
fishing efforts conducted to recover lost tools, if
the Contractor was neither negligent nor in violation
of good drilling practice. The value of Contractor-
owned tools lost or damaged in the hole will be eq-

uitably compensated.
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SC-10. LOST HOLE

The hole shall be termed "lost" if the Uni-
versity determines that, due to the condition of the
hole ot for any other reason, it would be impracti-
cal to continue drilling to the minimum tequiréd
depth of 4500 ft.

order the commencement of work at an alternate

The University may, at its option,
location. In any event, the Contractor will be paid
for all work performed under the applicable items of
the Unit Price Schedule.

SC-11. ABNORMAL CONDITIONS

Due to the exploratory nature of the work

under this Contract, it is not possible to anticipate
‘all the unusual conditions which may be encountered
in the drilling of this hole.

PART C-II

TECHNICAL PROVISIONS

TP-01. DRILLING METHOD
A. The hole shall be drilled using rotary
drilling methods.

B. While drilling, weight on the bit shall
ﬁot exceed 80% of the buoyed weight of the drill
collars.

C. Circulation methods are to be as describ-
ed in the Drilling Program (Part C-IV). 1If hole
problems and/or circulating problems are encountered,
the University may direct the use of stiff foam,
direct circulation using aerated water and/or drill-
.ing muds.

D. Teats of blowout preventers.

1. The drill collar and pipe rams shall be
closed on the drill pipe once each 24 hours or as
requested, while drilling operations are in progress.
. 2. The blind rams shall be closed on each
trip for a new bit.

: 3. Pressure tests of the entire BOP stack
shall be made as follows.

a. Before drilling begins on the 9-5/8-
in. hole, the 10-3/4-in. casing and BOP stack shall
be tested to 2000 psig. The test pressure must be
at least 1850 psig after 10 min.

b. After the shoe has been drilled on
the 10-3/4-in.~o0.d. casing, the BOP stack shall be
tested, using the cup tester, on the first trip

with the drill pipe each week. The entire stack -
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shall be tested to 2000 psig and the test pressure
must be at least 1900 psig after 10 min. This test-
ing procedure shall be continued until total depth
has been reached.

TP-02. CONTRACTOR MINIMUM EQUIPMENT REQUIREMENTS AND
STANDARDS

A. Mioimum equipment and services required

to be furnished and operated by the Contractor at no

" additional cost to the University are listed in Part

Cc-VI.

B. The following Specifications, Orders and
American Petroleum Institute Standards and Recommend-
ed Practices, of the latest issue as of the date of
bid oﬁening, form a part of these specifications

whenever applicable to standardized equipment.

API Std. 4A Specification for Steel Derricks

API Std. 4E Specifications for Drilling and Well
Servicing Structures

API Std. 7 Specification for Rotary Drilling
Equipment

API Std. 8A Specification for Hoisting Equipment

API Std. 9A Specification for Wire Rope

API Bull. 10 Procedure for Selecting Rotary Drill-
ing Equipment

API RP-5C1 Recommended Practice for Care and

. Use of Casing, Drill Pipe and Tubing

API RP-8B Recommended Practice for Hoisting.
Tool Inspection and Maintenance
Procedures

API RP-9B Recommended Practice on Application,
Care, and Use of Wire Rope for 0il
Field Service

API RP-13B Recommendad Practice and Standard

Procedures for Testing Drilling
Fluids
Title 29 - Labor, Chapter XVII, Part 1910 and 1926 -
Occupational Safety and Health Act of 1970.
ASTM E-109 "Dry Powder Magnetic Particle
Inspection"
Safety Orders The State of New Mexico, Department
of 0il & Gas
Manufacturer's ratings shall apply for equipment not
covered by the API Standards.

TP-03. CIRCULATION FLUID

A. Conductor Hole - (University furnished).

B. Surface Hole - mud.



C. Final Hole - air.

Note: If unexpected hole and/or circulating problems
occur, the University or its duly authorized repre-
sentaéive may authorize the use of stiff-foam, aer-
ated water with direct circulation, and/or drilling
mud as a circulating fluid.

Note:
all chemicals, mud, or special additives used during

each tour in the Daily Drilling Report (AAODC).

The Contractor shall record the quantities of

TP-04. LOGS AND SURVEYS

The logs and surveys which may be run at the

direction of the University may include, but are not
limited to the following:

1. Gyroscopic direction survey;
2, Caliper log;
3. 3-Iy
4. Density log;
5. Temperature log;
6. Induction - electric log;
7. Deviation survey;
8. Core orientation.
TP-05. CASING AND HOLE SIZE
Hole Casing
Size Size Approximate
(in.) (in.) Depth (ft)
Conductor 26 20 60 (University
furnished)
Surface 17-1/2 © 13-3/8  1000-1600
(1if required)
Deep String 12-1/4 10-3/4 2600
Final 9-5/8 None 4500 (option to
ANNNY
TP-06. INSTALLING CASING

A. Running Casing. Condition of the hole

prior to and during the running of the casing shall

be the responsibility of the Contractor. The pro-
cedure to be followed in handling and running of
casing shall conform to accepted API practices and
approved methods under present field conditions.
Contract casing crews may be used in running each
casing string.

B. Cementing Casing. The procedure to be

followed in cementing of the casing shall conform to
accepted API practices and approved methods under
present field conditions.

The cementing services and cementin% materials
are to be University furnished. All casing strings

shall be cemented as directed by the University.

TP-07. ALIGNMENT

The holes shall be checked for deviation by

" a non-directional survey instrument (TOTCO or equal)

run in the drill pipe on wireline or dropped when
making a trip.
final depth in each of the different hole sizes and
every 90 ft (415 ft) while drilling.
rate of change will be under the direct control of

The survey shall be conducted at the

The maximum

V. the University, and will be minimized commensurate

with existing drilling conditions. All surveys shall
be witnessed and acknowledged by a representative of

the University.

TP-08. SAMPLES, CORES, AND TESTING

‘A.

Sampleg of cuttings shall be taken during
drilling operations at 10-ft intervals unless other-
wise directed by the University. The Contractor
shall provide all necessary equipment and labor for
collecting, packaging, and labeling cuttings samples
as a part of his basic obligation under this contract.
No separate payments will be made for work performed
under this category. Sample containers will be fur-
nished by the University{

B. All cores in the 12-1/4-in. hole are to
be cut using a core‘bartel, 10-1/8-1n. core head,
and direct circulation using mud as the circulating
fluid.

packed-hole assembly is to be used above the core

Orientation may be requested. The standard
barrel assembly during all coring operations, and
the cored interval then opened up to a diameter of
12-1/4 in.
C. All cores in the 9-5/8-in. hole are to
be cut using a core barrel, button-insert core head,

and direct circulation with air.

TP-09. RECORDED MEASUREMENTS

The University will furnish a five-channel

rig-floor-mounted recorder to be connected to various
gensors on other indicating equipment, to record
weight on bit, rpm, circulating fluid flow rate,

pressure, etc.

TP-10. CORE ORIENTATION
All cores in the lower continuously cored

section of GT-2--the 9-5/8-in. hole from about 2600

ft to TD--will be oriented with equipment furnished
by the University.
upper section of the hole--the 12-1/4-in. mud-drilled

As an option, the cores in the

interval above about 2600 ft--will also be oriented.

31



PART C-III1
OBJECTIVES OF THE GT-2 DRILLING PROGRAM

Primary Objective
The primary objective of GT-2 is to verify the

suitability of the proposed site for the subsequent
two-hole energy extraction experiment, by deep test-
ing of the Precambrian basement rocks in this specif--
This primary ob-
jective will be accomplished in two stages:

ic region of the Jemez Plateau.
the
first during the actual drilling of GT-2, and the
second during a series of post-drilling in situ
rock mechanics experiments.

A. Drilling-Phase Measurements and Studies

1. The entire section of igneous and metaﬁor-
phic rock below the Precambrian interface* will be
recovered by continuous coring techniques for sub-
sequent petrologic, petrofabric and petrographic
studies to determine the suitability of the rock in
this area for the proposed pressurized circulation
experiment.

2. The in situ rock temperature will be mea-
sured after the wireline recovery of every other
cored section (about every 60 ft), or more often if
necessary.

3. The rock thermal conductivity will be mea-
sured in the laboratory (and in situ, if possible),
to allow a determination of the deep-seated heat
flow in this region of the Jemez Plateau, and to
provide a method of extrapolating the measured rock
temperatures to the bottom of the deeper leg of the
two-hole circulation experiment (EE-1).

4. The entire drilled interval will be logged,
in stages, to obtain diagnostic rock property data
(i.e. electrical and sonic properties, density, etc.).

B. Post-Drilling Measurements and Studies (Drilling

rig still on location)

1. The fracture orientation (and crack geometrf,
1f possible) will be determined from in situ hydrau-
1lic fracturing experiments near the bottom of the
hole.

2. The required surface pressure levels to both
initiate a fracture, and then to extend this frac-
ture out to a radius of a few hundred feet, will be

determined by using service company supplied pumping

*Except for the uppermost 250 ft, which will have
been drilled with wud at a 12-1/4-in. diameter.
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equipment and realistic flow rates (of the order of

10-20 gpm). \

3. The fluid leakoff rate from this pressur-
ized fracture zone will be monitored as a function
of time, to determine the suitability of this rock
to contain the planned pressurized circulation
experiments.

Secondary Objectives

An extended series of programmatic-research
oriented experiments will be conducted in GT-2 fol~
lowing the completion of the intial post-drilling
hydraulic fracturing experiments, Besides a variety
of in situ rock mechanics, hydrology, heat flow,
geophysical and microseismic experiments, GT-2 will
be used as a close-in seismic mounitoring station for
the large-scale hydraulic fracturing operations to
be conducted near the bottom of EE-1 following the
(EE-1, the
first leg of the two-hole energy extraction experi-

completion of the drilling operations.

ment, will be located within several hundred yards
of GT-2.)

PROGRAM AND EXPERIMENTAL REQUIREMENTS FOR GT-2

Depth of Hole
The depth of GT-2 is specified to be at least

4500 ft--and up to 6000 ft if possible, depending
on the actual average drilling rate, drilling pro-
The rationale for this specifica-
the closer GT-2 1is, within

reason, to the projected depth for the deeper leg

blems and costs.

tion is as follows:

of the subsequent two-hole circulation experiment
(7500-9000 ft, depending primarily on the results
of GT-2), the more precise will be the extrapola-
tions of temperature, rock structure and fracture
suitability.
Coring Program

1. From 60 to 2350 ft (12-1/4-in. hole).

mud-drilled section of hole, above the Precambrian

The

basement rocks (mostly Paleozolc sediments), will be
intermittently cored, using a special Smith core bit.
A 30-ft core will be cut about every 200 ft, and at
formation boundaries. A coring and hole-opening
procedure will be necessary because the available
chisel-tooth, carbide-insert Smith core bit is 10-
1/8 in. Therefore, each cored interval will have to

be opened up from 10-1/8 in. to 12-1/4 in.



2. Below 2600 £t (9-5/8-in. hole).
coring of the crystalline basement rock below the
10-3/4-1in. casing setting depth (from about 2600 ft

Continuous

to TD) is a firm requirement. This specification
results from the need to determine, as completely as

possible, the variation with depth of:

a. Rock type;
b. Frequency of fractures;
c. Degree and type of fracture cementation;

d. Rock thermal conductivity;
e. Rock permeability.
In Situ Measurements During the Air-Drilling Phase

(9-5/8-in. hole)

Following the wireline recovery of each core, a

special diagnostic tool will be lowered through the
drill pipe on a separate seven-conductor armoured
cable, to measure the in situ temperature of the
rock at the bottom of the hole. Even though the

rock exposed at the bottom of the hole will have been
the least disturbed thermally, some significant mea-
suring time (on the order of 30 min) will still be
required to reach equilibrium. Self heating of the
temperature-measuring thermistor may also be used to
measure a relative thermal diffusivity for the rock.
Hole Diameter for the Continuously-Cored Section of

GT-~-2

The Smith Tool Company of Compton, California
will manufacture roller-cutter core bits for the GT-2
drilling program. Based on the experience gained
from having produced over 150 core bits for the Deep
Sea Drilling Program (JOIDES),* they have scaled
down this 10-1/8-in. design to produce the necessary
core bits for the LASL drilling program. The diame-
ter for this new core bit was set at 9-5/8 inches,
to be compatible with available tubular goods, and
yet reasonably close to the diameter of the existing
‘core bit design. It is expected that these somewhat
smaller diameter bits will perform satisfactorily
with no development time.

Caging Sizes

The specified 10-3/4-in. diam for the casing

that uill be set through the Paleozoic sediments and

into the basement crystalline rocks, was determined

*At only one diameter--10-1/8 in.-~ and in a chisel-
tooth carbide insert format suitable for drilling in
the basaltic rocks underlying the sediments of the
ocean floor.

py the diameter of the continuously cored hole that
will be drilled below this casing--9-5/8 inches.

A minimum size of 13-3/8 in. for the surface
casing, if needed, is a direct consequence of the
diameter of the hole that must be drilled below this
casing to set the deeper string of 10-3/4-in. casing.
Drill Pipe Size

The minimum size drill pipe that can be used for
the GT-2 drilling program is based on the 3-3/4-in.
diam of the inner core barrel used for the wireline
recovery of the 2-7/16-in. cores. For adequate
clearance, the drill pipe tool joints used for this
program must have a minimum i.d. of no less than &
Therefore, standard 5-1/2 inch, 21.9 1b/ft,
Grade E drill pipe or equivalent will be required
(with a minimum tool joint i.d. of 4 inches).

Packed Bottomhole Assemblies

inches.

For all drilling operations below the 60-ft
setting depth for the conductor pipe, a packed--and
stabilized--bottomhole assembly will be used to keep
the hole as straight as possible, to prevent dog-legs
and to extend drill bit life. These bottomhole as-
semblies--for both the 12~1/4~in. and the 9-5/8-in.
drilled holes--will be made as stiff as is reasonably
possible. The specific details of these bottomhole

assemblies will be discussed later.

PART C-1V

TENTATIVE DRILLING PROGRAM, GT-2

1. Mobilize Rig on Previously Prepared Location.

The all-weather road to the location, leveling of
the location, and reserve pit will be provided by
others.

2. Conductor. The conductor pipe will be set
by others prior to mobilization.
26-in. drilled hole to approximately

60 ft (no cellar required).

a.

b. 20-in.-o.d. conductor pipe set plumb
at approximately 60 ft with the annulus cemented
™ from the casing point to the surface.
3. Upper Cased Hole.
a. Run and hang 60 ft of 13-3/8-in. H-40

casing within the conductor pipe to

act as a centra-
drill hole. The
equally spaced

lizer for the subsequent 12-1/4-in.
13-3/8-in. casing should have three

vertical welded-on centralizer lugs every 20 ft, to
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position the 13-3/8-in. casing in the exact center
of the 20-in. conductor pipe. (A set of lugs at the
top, 20 ft down, 40 ft down, and at the bottom of
the 13-3/8-in. casing guide.)

b. Drill a 12-1/4-in. hole with packed-hole
drilling assembly until drill collars are buried be-
low bottom of 20-in. conductor. Remove and lay down
13-3/8-in. casing guide from the conductor.

c. Install BOP.

d. Drill a 12-1/4-in. hole to apptoximatelf
2600-ft depth using a mud circulating system.

e, Core as directed by the University.

f. Run logs and surveys as directed by the
University.

g. Run and set 10-3/4-in. casing at approx-
imately 2600 ft, or as advised by the University.
Install BOP on 10-3/4-in. casing.

If unexpected drilling problems are

Cement as directed.

Note:

encountered, ream the 12-1/4-in. hole to 17-1/2 in.

. 1in diameter to below trouble zone. Run and set 13-

3/8-1in. casing through trouble zone. Then continue
drilling 12-1/4-in. hole to 2600 ft.

4. Lower Open Hole

a. Continuously core a 9-5/8-in. hole to
4500 ft using air, or drilling fluids as required.

b. Run logs, surveys and tests as directed
by the University.

c. As an option, the hole may be continu-
ously cored from 4500 ft to approximately 6000 ft.

d. Conduct hydraulic fracturing and other
tests as directed by the University.

PART C-V

UNIVERSITY-FURNISHED ITEMS FOR GT-2

] 1. Drilling Location; staked, graded, approx
150 ft by 250 ft, with a 200,000 gal reserve pit

and a graveled perimeter access road; 60 ft of 20-

in. conductor pipe set plumb and cemented to the
surface.

2. Access Road; 450 ft of existing Forest
(The drill-
ing location is only about 200 yds off State High-

Service road, maintained as necessary.

way 126--a two~lane paved road that is State-main-
tained through the winter months.)
3. Casing and Casing Materials
a. Necessary 20-in. o.d., 94 1lb/ft, ST&C,
H-40 casing.
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' " b. About 1000 to 1600 ft of 13-3/8-in.-o.d.,
48-1b/ft, ST&C, H~40 casing (as requ;red).

c. 2120 £t of 10-3/4-1in.-0.d., 45.5-1b/ft
K-55 buttresé-thread casing with 11.25-in. special-
clearance couplings.

d. 480 ft of 10-3/4~im., 45.5-1b/ft, K-55
Hydril flush joint casing.

e. Centralizers for 10-3/4-in. casing.

4. Gyroscopic Directional Surveying

5. Air Compressors and Related Equipment; a
minimum of 2400 SCFM of air (at 8700-ft altitude)
will be provided by using three (or more) primaries

and one booster, with a mist pump and appropriate
chemicals.

6. Coring Equipment with Integral Stabilization;

including an inner core barrel; a 9-5/8-in. hole
stabilizer bit sub; an 8-in.-o0.d. by 4-1/8-in.-1.d.
segmented outer core barrel made up of a 12-ft col-
lar, 9-5/8-in. hole stabilizer sub, 12-ft nommagnetic
collar, latch sub, and upper 9-5/8-in. hole stabiliz-
er cross-over sub; core bits; wireline heads; mag-
netic surveying and orienting equipment, etc.
7. Cement and cementing services.
8. Mud, chemical additives and mud engineering
services.
9. Core Boxes and sample containers.
10. Drill Collars and string stabilizer for
coring 9-5/8-in. hole.
a. 56,000 1b (450 £t) of B-in.-o.d. steel
drill collars bored out to an 1.d. of 4-1/4 1in.
b. One string RWP stabilizer with a 2-ft-

long contact length, bored out to an 1.d. of 4-1/8
in.
11. Packed-Hole Assembly for 12-1/4-in. hole.
a. 12-1/4-in. six-point bottomhole roller-

bit reamer.
b. 12-1/4-in. hole size by 30-ft-long
square drill collar.
¢. 12-1/4-in. three-point string roller-
bit reamer.
d. Upper blade-type string stabilizer.
12. Post-Drilling Fracture Services, including

required surface-set openhole packers.

13. Wireline Sheave - standard Schlumberger type

wireline.

14. Motor-Generator Sets for University

equipment.



15. Swivel - one 150-ton King swivel with a
minimum 5-in. bore (to be used during the continuous-
coring operations).

16. Split Traveling Block - 150- to 250-ton
IDECO dual-speed gplit traveling block.

This travel-
ing block is to be used in conjunction with the King
swivel during continuous-coring operations.

17. Elevator Links - 150-ton-capacity elevator

links to be used, in place of the customary swivel
bail, to position the King swivel below the split
traveling block.

18. Drilling Recorder - five-channel electronic

strip-chart recorder with remote recording takeoffs.

PART C-VI1

MINIMUM EQUIPMENT AND SERVICE REQUIREMENTS
TO BE FURNISHED BY THE CONTRACTOR, GT-2

Listed below are the minimum acceptable require-
ments for the Contractor drilling equipment. This
is not intended to be a complete list of items to be
furnished by the Contractor. The Contractor is re-
quired to furnish all drilling and maintenance tools,
materials, and equipment not herein designated, but
which are normal components for a complete drilling
rig required for drilling and testing operations of
the scope of these specifications.

1. Mast or Derrick. Minimum of 440,000 1b
gross nominal capacity capable of handling hook loads
of 300,000 1b in air with eight lines. Combined
racking capacity for 6000 ft of 5-1/2-in. drill pipe

Minimum height of 127 ft.

and related drill collars.

2. Substructure. Must handle all equipment

listed in the derrick specifications and have a min-
imum setback and rotary table capacity of 250,000
1b. It must accommodate the BOP equipment shown
‘on the drawings (Figs. C-1 and C-2). The substruc-~
ture minimum overall height should be sufficient to
permit the installation of the blow-out preventer
equipment listed in Part C-VI, Item 15, without posi-
tioning any part of this equipment below ground
level.

3. Drawworks. Minimum of 700 horsepower rated

input.*

*Note: All engines on drawworks, pumps, light plant,
air compressors, water trucks, etc., must be fitted
with Forest Service approved mufflers and spark
arrestors.
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4. Drawworks Power. Minimum of two prime mov-

ers with 850 horsepower continuous rating at 8700
ft above sea level., 1f the rig is electric, two
electric motors are required for the drawworks;

5. Rotary Table - 27-1/2 im,

6. Crown Block - 200 tons.

7. Traveling Block and Hook - 150 tons.

8. Swivel - 150 tons.

9. Drill Line -~ 65-ton minimum breaking
strength.

10. Steel Drill Collars for 12-1/4-in. hole;
twelve 9-in.-o.d. drill collars and eight 7-in.-o.d.
drill collars.

A magnetic particle inspection on boxes and pins

must have been made since the last operation. A copy
of the inspection report is to be delivered to the
University before drilling operations begin.

11. Drill Pipe. Minimm of 6000 ft of 5-1/2-
in., 21.9-1b /ft, Grade E or equivalent, with 5-1/2-
in. API couplings.
be 4 in. (drift). .

All drill pipe is to have been tuboscoped with~

Bore of tool joint couplings must

in 30 days prior to the beginning of drilling on this
hole and graded tuboscope No. 2 or better with no
evidence of fatigue cracks. A copy of the inspection
report is to be delivered to the University before
drilling operations begin.

12. Stand Pipe. 4-in. minimum i.d. single
(including'valves). 2-in. minimum i.d. single (in-~
cluding valves) for air injection.

13. Rotary Hoses.

One - 55-ft by 3-in.-i.d., 2500-psi working pressure.
* One - 55-ft by 1-1/2-in.-i.d., 100-psi working pres-

sure. (Standby hogses should be available on 12-hour
notice.)

1l4. Mud Pump and Power. Two mud pumps are re-

quired each with an output of 600 gpm at 1500-psig
discharge pressure at 8700 ft above sea level.

15. Blow-Out Preventer Stack. Shall be design-

ed to operate at a temperature range of -20°F to
+300°F (Figs. C-1 and C-2).

a. Hydril Type "GK" or equal, 12-in.,
Series 900 (3000-psi working pressure), bolted flange
type body or equal.

b. Cameron Type "U" or equal, 12-in.,
Series 900 (3000-psi working pressure, double gate,
with blind and pipe rams) or equal.
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c. Flanged spool, 12-in. by 12-in., Series
900 (3000-psi working pressure), with two 3-in.
flanged side outlets (Fig. C-1).

d. Closing unit, Hydril, Koomey, Payne, or
equal, with manual controls located on the floor and
at the accumulator. Hydraulic fluid for temperatures
of -20°F to +130°F. (Hydril Unit DCEPM-13-K80 and
control manifold or equal.) '

e. Cameron 12-in. Type "F" cuyp type tester
or equal with drill pipe connection up.

£, Drilling spools for adapting BOP stack
to 20-in,, 13-3/8-in. if necessary and 10-3/4-in.
casing strings.

16. Light Plants., Two 30 kW to supply vapor-

proof lighting for rig and rig power requirements.

17. Dog house and trailer housge.

18. Catwalk and ramp.

19. Pipe racks.
tion (eight units of 30 ft each).

20. Subs, for all drill pipe, drill collars,

Four sets of steel construc-

bits, and core barrel.

21. Truck, 10-ton tandem, with winch and gin
poles to handle Contrgctor and University furnished
equipment at the drilling location.

22. Steel Mud Pits.
ft high by 8 ft by 30 ft equipped with 2 jets and 2
mud guns on each unit.
piping.

23. Shale Shaker. Mounted on éteel shale pit.
Rumba Model 4860-B3 or equal with a No. 16 (1190)
screen.

24. Kellys. One 6-in. hexagon by 40 ft with
4-in, 1.d., with bushings for 27-1/2-in. table, and

Three - approximately 6

Includes all valves and

all crossover subs.
25. Rotating Head.
air drilling.
26. Choke Manifold.
27. Weight Indicator.

or equal.

Shaffer, Grant or equal for

See Fig. C-3.
Martin Decker Type "FS,"

28. Water Storage. 1000-barrel capacity.

For 250 sacks of

29. Covered Mud Storage.

bentonite and chemicals.

30. Mouse hole and rat hole liners.

31. Lighting system for rig.

32. Sand line unit with prime mover, or double
drum drawworks equipped with 8500 ft of 9/16-in. line.

Swab lines must be free of oil.
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33. Nondirectional Survey Instrument. TOTCO or

equal, 0-7 degrees and 0-14 degrees.
34. Handling Tools, for Contractor- and Uni-

versity-furnished drill collars and drill pipe,
13-3/8-1in. and 10-3/4-in. casing. Tools should in-
clude tongs, safety clamps, spiders, slips, bails,
elevators, wipers, etc.

35. Lubricants for Contractor's equipment.

36. Centrifugal Pump, portable, 1000 gpm
against 50-ft water head (2-1/2 in. or 3 in.).

37. Cellar jets or pumps.

38. Hole covers.

39. Welding equipment, one - 250-amp, Lincoln

Pipe Line Special, or equal, complete with leads,
Vplus oxy-acetylene cutting equipment and supplies.
40. Mud mixing hopper.
41. Tool joint lubricant (API, 50-60% zinc).
42. Water Transportation for all drilling and

cementing requirements. Truck capacity; 2500 gal

minimum. Water truck must be capable of self load-
ing and unloading, with a suitable suction pump and

50 ft of large~diameter flexible hose.

43. Chemical Toilet facilities for contractor

personnel.

44. Pipe and Fittings for all mud, water and

air lines.

45. Fishing Tools for all Contractor-furnished

equipment, including a Bowen or equal spiral grapple
overshot sized for 9-in.-o.d. drill collars, and a
bumper sub.

46. Bracket in Mast or Derrick rated at 50,000
1b load (with safety factor of 3) to support standard

Schlumberger wireline sheave.
47. Winterizing Equipment. Windbreaks, heating

equipment, windbreaks or shed over mud pumps, steam-

boiler, steam lines, etc.

PART C-VII

CONTRACTOR-FURNISHED UNIVERSITY-REIMBURSABLE ITEMS

The equipment and services which the Contractor
may be required to furnish and the cost thereof re-
imbursed under the provisions of Special Items and
Services, may include, but are not limited to the
following items.

1. Logging and Core Engineering Services.

2. Hydrological Testing Equipment.

3. Casing Heads.

4. Casing Shoes, Float Equipment, and Other

Casing Accessories.

5. Water for Drilling and Cementing.

6. Bits, Reamers, and Hole Openers.

7. Casing Crew as required.
8. Fishing Tools for all University equipment,

i.e. spiral-grapple overshot, taper tap, bumper sub,
mechanical jars, etc.

9. Additional Site Preparation, required to

adapt the previously prepared drilling site to a
specific drilling rig (no earthen trash pit will be
necessary) .

10. Trash Removal and Hauling.

11. Fuel for Contractor and University

equipment.
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PART C-VIII

SUBSURFACE INFORMATION FOR GT-2

These generalized sections are based on the stratigraphic section penetrated in GT-1, 1.5 miles to the

north, and are therefore only approximate.*

Thickness Depth
(ft) (ft)

Bandelier Tuff

Tuff, gray, moderately welded, rhyolitic; crystals and crystal fragments 275 275
of quartz and sanidine, rock fragments of pumice, rhyolite and latite, in
ash matrix.

Abiquiu Tuff

Sandstone, light gray, tuffaceous, friable; mafic minerals and few quartz 125 400
crystals; rock fragments of pumice, latite, and rhyolite in a fine ash

matrix with mafic mineral altered to stain matrix light yellow, 275 to

345 ft. Conglomerate, light gray, tuffaceous, friable with rock fragments

of quartzite and chalcedony, 345 to 400 ft.

Abo Formation
Shale and fine-grained sandstone, some clay lenses; predominantly red to 910 1310
dark red in color, with some lenses of white to gray; arkosic with a few
thin beds of limestone. Shale, dark red, 400 to 530 ft; sandstone, fine-
grained, dark red, 530 to 590 ft; sandstone, fine-grained, alternating
with shale, dark red, 590 to 920 ft; shale and sandstone, fine-grained,
predominantly red, with lenses of white to gray shale and sandstone, a
few thin beds of limestone, 920 to 1270 ft; clay, dark red with minor
lenses of shale and sandstone, 1270 to 1310 ft.

Magdelena Group
Madera Limestones:

Upper limestone member consists of limestone alternating with gray and 590 1900
red shales and sandstone, arkosic; limestone, gray, alternating with

sandstone, fine-grained red, 1310 to 1490 ft; shale, red with some thin

lenses of limestomne, gray, 1490 to 1570 ft; 1imqstone, gray, with some

lenses of sandstone, fine-grained red, and shale, light red, 1570 to 1680

ft; shale dark red, with lenses of limestone, dark gray, 1680 to 1770 ft;

limestone, gray, with thin lenses of light red, and gray limestone, fine-

grained, 1770 to 1900 ft.

Lower limestone member consisting of dark gray limestone and thin lenses 155 2055
. of white to gray shale and fine-grained sandstone. Limestone, dark gray,

with thin lenses of sandstone, fine-grained, white to light gray and shale,

dark gray.

*Adapted from LA-5124-MS, "Geology of the Jemez Plateau West of the Valles Caldera," W. D. Purtymun (Feb 1973).

38



Thickness Depth
(ft) (ft)
Sandia Formation
Upper clastic member, limestone, gray with lenses of gray shale and 235 2290
fine-grained sandstone ranging from light gray to light green.
Lower limestone member, limestone, dark gray, siliceous, dense. 60 2350
Precambrian Rocks
Augen gneiss, brownish gray, with inclusions of pink plagioclase; > 2150 > 4500
granite, reddish brown, medium-grained, foliated; amphibolite, dark
gray, fine-grained, and other granitic and metamorphic rocks.
PART C-IX
UNIT PRICE SCHEDULE
for
Geothermal Test Hole No. 2
(GT-2)
Item Estimated Unit Estimated
' Number Description Quantity Unit Price Amount
1. Mobilization 1 Job $ $
2. Hourly Rate Operations
a. With Drill Pipe 1176 Hr. $ $
b. Without Drill Pipe 192 Hr. $ §
3. Standby-~Secured 0 Hr. $ $
4, Demobilization 1 Job $ $
5. Special Items and
Services Dollars $ $58,000.00
TOTALS (57 days) $
APPENDIX D

SPECIFICATIONS OF CALVERT WESTERN EXPLORATION COMPANY

DRILLING RIG NO. 24

Brewster Model N-7, rated 2896 m with 12.7-cm-
diam drill pipe; drawworks power: two Waukesha diesel
engines, 820 kW intermittent; 1.02-m double hydra-
matic brake, capable of handling 125 Mg; main mud
pump: 20-cm by 4l-cm Bethlehem 485 kW; auxiliary
pump: 18-cm by 41-cm, rated 373 kW; mast: 40-m Lee C.
Moore, 250-Mg capacity; substructure: 283-Mg capacity;
Shaeffer 30-cm double hydraulic blowout preventer;
drill: 14 cm; completely winterized with forced air
heating system.

(Brewster Model N-7, rated 9500 ft with 5-in.-diam

drill pipe; drawworks horsepower: two Waukesha diesel
1100 intermittent hp; AO-in: double hydramatic brake;
capable of handling 275,000 1b ; main mud pump: 8-in.
by 16~in.
7-1/4-in.

C. Moore,

Bethlehem 650 input hp; auxiliary pump:

by 16-in., rated 500 hp; mast: 131-ft Lee
550,000 1b GNC; substructure: 625,000-1b
capacity; Shaffer 12-in. double hydraulic blowout
preventer; drill: 5-1/2 in.; completely winterized

with forced-air heating system.)
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APPENDIX E
BIT RECORD
COMPANY CONTRACTOR COUNTY STATE
LASL Calvert Western Sandaval New Mexjico
LEASE WELL ND SEC. TOWNSH1IP RANGE BLOCK FIELD
GT-2 2 [
;ms“n R Enql d ERP'[LL nxt:s
USH { - w N7
DAY ay nq an 1001 5 léﬁi SIZE TYPE UNDER SURF
DRILLER JOINT rower | RD *? 1100
EVENING DRILL NO oD 10 LENGTH PUMP MARE MODEL STROKE INT. DATE
DRILLER coLaR 15 8 MO 1 pee Beth 16
:3.'{':'5? 23&5..; NO 00 (] LENGTH :g'; G45‘8AK£ Betl’;oon STROKE T.0. DATE
AR IR R e R kAR A A A R e e e I o
RR_| 15 053A 10/10] 10 73 73 Rerun bit
RR | 26 HO 73 73 Rerun bit 
1 [12% [ STC[3JS IMLO85 13{13/13] 645 582 38 25 65 500 |1} 5] 65
2 12% | STC [V2J [RJ324 13113] 13] 1204 | 559|26% 40 65 500
3 |12% | HTC [ODV_ |WN943 14|14|14{ 1466 | 262]23-3/4 40 60 1500
4 N12% | Sec |MAN 1498160 |12/12)12) 1664 | 198 40 60 500
5 112% ) Sec|M88 1477840 ]12]12/12] 1916 | 252} 35%
6 [12% | HTC |ODV_[MU614 out Drill|cemept-wash Lo|botitom
THO 17% | STC [HO  |3P446 673 | 593, 39% 20/40/45/65 {300 5 [65 Hole-opener bit
2HO [17% |.STCIHO |3P278 1451 | 778| 52% 20/40145/6p 1300 Hole-opener bit
3HO 173 | STCIHO  |3P317 1605 | 154(14 20/ 145/66 (300 Hole-opener bit
.6 12% | HTC |ODV _IMU416 _out 2078 | 172 ns 33 100 ain Rerun bit
7 [12% { STC!7JS |NBQ34 out 2536 | 458|112 airy/mu
8 1-5/B STQ 9JS |AP649 out 2547 11] 2 ain
2_19-5/B STC 98CJA/RN282 ] 12112(12] 2590 33 Core bit
3 9-5/B STG 98CJA/RN281 | 12(12]|12] 2605 15 Core bit
8 B-5/B STQ 9JS |PP649 out 2842 | 237)38 ain 514 B/16 Rerun bit
9 1-5/B STQ 9JS |AP783 out 2842 reah
4 P-5/B STG 98CJA/RN278 | 12]12|12 2886 Core bit
9 |p-5/B ST4 9JS |AP783 out 3147 | 290]27 |27 Rerun bit
5 19-5/B STQ 98CJA/RB311 [12{12[12] 3182 35| 5 Core bit
Compliments of g_ ;Ir-
P.0. BOX 4549 - COMPTON, CALIF. 90224 e
SMITH REPRESENTATIVE PHONE SMITH TOOL DIVISION OF SMITH INTERNATIONAL. INC. asadtl
Fig. E~1. Drill bit record to 880-m depth (2886 ft).
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BIT RECORD

COMPANY CONTRACTOR COUNTY STATE
— _1ASL (Continued) #2 | n Sandoval New Mexico

LEASE WELL NO. SEC TOWNSHIP RANGE IHLOCK FIELD

GT-2 2 ]
SUSHER Ray England e woRNS N-7
g 5-1/2

DAY 1001 MAKE SIZE TYPE UNDER SURF
BRILLER 101 rower _ LRD ne 1100

EVEMING DRILL NO o0 o LENGTH PUMP MANKE MODEL STROKE INT DATE
ORILLER COLLAR ]5 8 NO. ) Reth ]6 ‘
WORNING DRILL (3 00 1B TENGTR | pump WAKE MODEC STROKE 1.0, DATE
DRILLER COLLAR wo 2 G450 Beth 16

gt | sur BIt 811 SERIAL NO 1T suaze 0EPTH nOuRS | acc weigHT | ROTARY | vert | pume PUMPS Muo DULL CODE ;gi::ﬂ‘:,,. oATE
no | size | mrgr | rvee of 81l N ERE out FI6t run | wours | FTM® 500 1Bs| Rem | DEv. | PRESS fRo) Lner [SPM | wt Vs [T B] 6 CIRC. FLUID, ETC.
10 B-5/B STQ 9J4S | AP718 ou 3463 | 28132 +L

11 B-5/8 HTQ RG2BJ MC409 out rea

6 P-5/8 STQ 98CJA RN283 [12[12|12]{ 3476 13] 3% 1% Core hit

12 P-5/8 STQ 9JS | AP775 out 3542 66! 8

13 b-5/3 STQ svz2 | 60431 out drilling bridge [plug _

11 B-5/8 HTGQ RG2B| MCA409 out drilling_bridge |plug Rerun hit

14 P-1/P STQ SL4 | HN620 ouL drilling b#idqe plug

12 P-5/8 STQ 9JS | AP775 out drilljng cement

15 B-5/8 STQ 9JS | AuU848 out ' | drilljing cement

16 P-5/8 STQ 9JS | AP646 out 3666 | 110115%

17 P-1/2 STC SWC | NE704 out cement retgiper

16 9-5/8 STC 9JS | AP646 out 3693 271 7 Rerun hit

1 9-5/8 cop © | mMc20) 3705 | 12{16% Core bit

18 P-5/8 STC 9JS | AP580 ou 3728 23! 4%

19 B8-1/2 Varel V2| 96524 re drilling cement lin driill pipe

18 P-5/8 STC 94S | APS80 ou 3822 93118 718 _Rerun_bit

20 9-5/8 STC| 9JS | AP720 ou 4021 199139 45_1 35 ajr 5161,

21 9-5/8 sTc{ 9as | Ap78a | lout | 4278 | 25722 a5 | 35 whtey 5l _

2 9-5/8 cop| @ | 452736 4279 | 6l 6 Core bit _
22 9-5/8 STCI9JS | AP597 115116116 4556 | 277 149% 45_ | 44 680]116" |62 A L

23 9-5/8 STC{ 9JS | AP586 1161161161 4835 | 27960 45 | 44 65011 16" 162 [ L

Compliments of g ;"-
P.0. BOX 4549 « COMPTON, CALIF. 5022¢  cmmus
SMITH REPRESENTATIVE PHONE SMITH TOOL DIVISION OF SMITH INTERNATIONAL. INC. weadl B8
Fig. E-2. Drill bit record to 1304-m depth (4279 ft).
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(0TE)TEN:0S

' . BIT RECORD
COMPANY CONIR“CIOR COU;YY d ] .| STATE i
LEASE LAQI {cnntin WELL NO, stern SEC. TOWNSHIP unﬁy ova |BLOCK ‘l[clg
' GT-2 :
sosen  Ray England e 5-1/2 woRes N-7
DAY 100U MARE SHE TYPE UNDER SURF.
DRILLER 10181 power  LRD we 1100
EVENING DRILL NO 0.0 10 LENGTR | pump MAKE MODEL STROKE INT. DATE
DRILLER COLLAR ]5 8 4 450 NO. | GGS
:&7_:'[:6 2:&:“ NO 0.0 ) LENGTH :g.; 645;‘6!\[ uoB()eELth ?go" T.D. DATE
. " REMARKS
A B il s v B Ml 0 Bl Bl ot e o L T e e s s n DR G T B
24 p-5/8 STd 9JS | AP560 116]16]116] 4892 | 57 |10k 45! 44 650i1l6" [ 62 LA
2 p-5/8 CDA 4527360 4897 5 ] 6% PS/301 42 800i116" | 52 Rerun core bit
24 p-5/8 STC 9JS | AP560 |16]16]/16] 4915 | 18 | 4 45| 44 650]1116" |62 Reryn bit
6 D-5/8 STQ 98CJh\/RR3]0 12(12[12] 4921 6| 2 25| 36 2501116" 162 Rerun core bit [
25 P-5/8 STQ 9JS | AP639 |16[16(16! 5234 [313 |65 45| 44 650(1/6" 162|85/34]817 [%
6 P-5/8 STC 98CJIA/RR3N0 [12]12(12]| 5240 6 ;3 20] 40 6501116" 156186135 Rerun core bit |
26 9-5/8 STd 995 AP785 116116[16! 5479 [239 151 451 42 /00 " 162186]133]718 | i
24 9-5/8 STC 9JS | AP560 i16116[16| 5487 8 |2 45, 42 6001116" 162186133 Reryn bit
2 9-5/3& CDPj 4527360 5492 515 32| 44 65012 15%"1561|86[{32 Reruyn core bit
27 9-5/8 STC 9JS | AP666 [16 1161161 5654 1162 127% a0! 42 65011 (6" | 62|86 217 11416 :
6 9-5/8 STC| 98CJA/RR3I0 12 12| 5669 ! 15 | 3% 30| 38 35001 (6" |56]86{3 Rerun core bit
28 9-5/8 STCI 9JS { AP648 |16 116]16] 5979 [310 |56k 401 42 70001 |6" | 62i86(34
7 9-5/8 STCj 98CJA/RN277 [12[12}12] 5986 713 25| 34 4502 |5%"| 56186133
24 9-5/8 STC| 9JS |AP560 116 116]16) 6150 1164 [18% 40 42 650]1 16" ]62185)32 Rerun bit
7 9-5/8 STC 98CJR/RN277 121212} 6162 | 12 } 3 25| 34 45012 |5%"| 5686 |33 Rerun core bit
29 9-5/8 STC{ 9JS |AP721 |16 [16[16] 6344 |182 |32 40| 42 6501{1 6" | 62186133
7 9-5/8 STC| 98CJIA/RN277 |12 |12[12| 6350 6 [ 1% 30 30 45012 |5%"| 56 [86 |33 Rerun core bijt
8 9-5/8 STC| 98CJA/RR312 (12 N2[12]| 6356 6 | 1% 301 30 45012 |5%"| 56 |86 |34
Compliments of g— ;Ir-
P.0. BOX 4549 - COMPTON, CALIF. 90224 e
SMITH REPRESENTATIVE PHONE SMITH TOOL DIVISION OF SMITH INTERNATIONAL. INC. !

Fig. E-3. Drill bit record to 1937-m depth (6356 ft).




