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UNITED STATES
DEPARTMENT OF THE INTERIOR
GEOLOGICAL SURVEY
CONSERVATICN DIVISION

GEOTHERMAL RESOQURCES OPERATIONAL ORDER NO., 2

Effective February 1, 1975
DRILLING, COMPLETION AND SPACING OF GEOTHERMAL WELLS

This Order is established pursuant to the authority prescribed in 30
CFR 270.11 and in accordance with 30 CFR 270.14, 270.15, and 270.40. All
wells shall be drilled in such a manner as to winimize damage to the
environment and to protect life, health, property, usable ground waters
and geothermal resources.

All exploratory wells drilled for geothermal resources shall be drilled
in accordance with the provisions of this Order. Initial development wells
drilled for geothermal resources shall be drilled in accordance with the
provisions of this Order, and these provisions shall continue in effect
until field rules are issued. After field rules have been established by
the Area Geothermal Supervisor (Supervisor), development wells in the
individual fields shall be drilled in accordance with such rules.

Where sufficient geologic and engineering information is obtained through
exploratory drilling, lessees may make application or the Supervisor may
request the lessee to subwit an application for the establishment of field
rules. The Supervisor wmay issue field rules at any time he deems appro-
priate upon failure of the lessee to timely file for such field rules.

All wells drilled under the provisions of this Order shall have been
included in an exploratory or development Plan of Operations as required
under 30 CFR 270.34. Each Application for Permit to Drill (Form 9-331C)
shall include all information required under 30 CFR 270.71, and shall
include a notation of any proposed variances from the requirements of
this Ordex. All variances from the requirements specified in this Ordex
shall be subject to approval pursuant to 30 CFR 270.48. References in
this Oxder to approvals, determinations, and requirements for submitting
of information or applications for approval are to those granted, made
ox reqrired by the Supervisor or his delegated representative. The lessee
shall comply with the following requirements:

1. Well Casing. All wells shall be cased and cemented in accordance
with the requirements of 30 CFR 270.15, and the application for permit
to drill shall include the casing design safety factors fox collapse,
tension and burst. The permanent wellhead completion equipment shall
be attached to the production casing or to the intermediate casing
if the production casing does not reach to the surface except as other-
wise authorized by the Supervisor to meet special well conditions. All
casing strings reaching the surface shall be cemented at a sufficient

6=



depth to provide adequate anchorage and support for the casing and

any blowout prevention equipment required thereon. For the purpose of
this Order, the several casing strings in order of normal installation
are (1) conductor, (2) surface, (3) intermediate and (4) production
strings. The following casing setting depth requirements are general
in nature and subject to variations to permit the casing toc be set

and cemented in a competent formation. The Supervisor's determina-
tion of adequate casing setting depths shall be based upon all geoclogic
and engineering factors including apparent geothermal gradients, depths
and pressures of the various formations to be penetrated and all other
pertinent information about the area. All depths in this Order refer
to true vertical depth (TVD) below ground level, unless ctherwise
specified.

A. Conductor Casing. This casing shall be set at a minimum depth
of 15 metres (50 feet) and a maximum depth of 60 metres (200 feet) be-
fore drilling into shallow formations suspected or known to contain
geothermal resources, non-condensible gases, or other mineral resources
or upon encountering such formations.

B, Surface Casing. This casing shall be set at a depth eguivalent
to or in excess of ten percent of the proposed total depth of the well
provided, however, that such setting depth s be not less than 60
metres (200 feet) nor more than 400 metres (l.300.-fect).

C. Intermediate Casing. This casing shall be set at any time when
required by well conditions encountered in drilling below the surface
casing such as anomalous pressure zones, uncased fresh water aguifers,
cave-ins, washouts, lost circulation zones, rapidly increasing thermal
gradients or other drilling hazards. If a liner is used as an inter-

mediate string, the J;apﬂlrgﬁei_%ﬂ_bx_uuiuw

test to determine whether a seal between the iigg; top and the next

larger casing Etrin as en achie . The liner overla 11 be
metres eat) . test shall be racn:ﬁga on the

driller's log and may be witnessed by the Supervisor. In the event of
lap or casing failure during the test, the lap or casing must be repalr-
ed or recemented and successfully retested as required by the Supervisor.

D. Production Casing. This casing may be set at the top of or through
the potential producing zone and shall be set before completing the
well for production. Production casing shall be run to the surface or
lapped into the next larger casing string. The liner overlap, if
utilized, shall be at least 30 metres (100 feet) and shall be tested,
witnessed and record as in the case of intermediate casing hereinabove.
In the event of lap or casing failure during the test, the lap or casing
must be repalred or recemented and successfully retested as required




by the Supervisor. Production casing shall normally be of consistent
nominal outside diameter from the surface or from the top of the lap to
the casing shoe. The surface casing shall not be used as production

casing, unless otherwlse authorized by the Supervisor to meet special
well conditions.

E. Cementing of Casing. The conductor and W
shall be cemented with a Quantity of cement su en e
amviar cacs hack ta ihe meiack. PR TEeclaler ity
shall likewise be cemented back to the surface or to the top of the
lap if a liner 15 used as an Intermediate string. Production casing
shall be cemented with a high temperature resistant admix, unless

waived by the Supervisor and shall be cemented in a manner necess
to exclude, isolate or segregate overlying formation fluids from the
g @8 zone and to prevent the movement of fluids into

possible fresh water zones. Production caﬂing shall be cemented back
to the gurface or, if lapped, e top o @ A temperature

og mr”ﬁ‘wqﬁ%’ﬁ arm after setting
and cementing the production casing and after all primary cementing
operations if an unsatisfactory cementing job is indicated. Proposed
well cementing technigues differing from the requirements of this para-
graph will be considered by the Supervisor on an individual well basis.

F. Pressure Testing. Prior to drilling out the casing shoe after
cementing, .
or greater, except for conductor casing, _-4'__ __-
a_minimum prassumuf ﬁ&biu:t (1,0

than 152 matran {EUE feat}  except for conductor casing, shall be
pressure tested to a minimum pressure of 35 bars (500 psi). Such test
shall not exceed the rated working pressure of the casing or the blow-
out preventer stack assembly, whichever is lesser.

In the event of rasing failure during the test, the casing must be
repaired or recemented until a satisfactory test is obtained. A pres-

sure decline of 10 Ezcent ar lagg in 30 _min Eﬁ chall be considerad

satisfactory.

Casing test results shall be recorded on the driller's log and
reported to the Supervisor within 30 days after the completion of
such test. Advance notice of all casing and lap tests shall be given
in sufficient time to enable the Supervisor to be present to witness
such tests. The casing and lap test reports shall give a detailed
description of the test, including mud and cement volumes, lapse of
time between running and cementing casing and testing, method of test-
ing and test results.
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G. Directional Surveys.

{l) General. Deviation surveys (inclination from vertical or single
shot) shall be taken on all wells during the normal course of.deilling,
at_intervals.not to exceed 152 metres (500 feet). The Supervisor may
require a directional survey giving both inclination and azimuth or a
dipmeter to be obtained on all wells. In calculating all surveys,

a correction from true north to Lambert-Grid north shall be made after
making the magnetic to true north correction. All surveys shall be
filed with the Supervisor, Where directional surveys are required,
composite surveys shall be filed with the Supervisor showing the inter-
val from the bottom of the conductor casing to total depth.

(2) Vertical Wells. Wells are considered vertical if inclination
does not exceed an av £ a degrees f the vertical. The
Supervisor may require a directional survey giving both inclination and
azimuth at intervals not exceeding 30 metres (100 feet) between stations
prior to, or upon, setting any casing string or liner (except conductor
casing) and at total depth on any vertical well drilled in close prox-
imity to lease boundaries or areas with an unstable land surface, highly
faulted or steeply dipping beds, or in areas of suspected abnormal forma-
tion pressures.

(3) Directional Wells. Wells are considered directional if inclina-
tion exceeds an average of five degrees from the vertical. Directional
surveys giving beoth inclinatien and azimuth shall be obtained at inter-
vals not to exceed 30 metrea (100 feet] between statiors prior te, or
upon, setting any casing string or liner (except ponductor casing) and
at total depth.

2. Blowou* Prevention Equipment and Procedures. All necessary pre-
cautions shall be taken to keep all wells under control at all times,
utilize trained and competent personnel, and utilize properly maintained
eguipment and materials. Blowout preventers and related well control
equipment shall be installed, tested immediately thereafter and main-—
tained ready for use until drilling operations are completed. Certain
components, such as packing elements and ram rubbers, shall be of high
temperature resistant material as necessary. All kill lines, blowdown
lines, manifolds and fittings shall be steel and shall have a tempera-
ture derated minimum working pressure rating equivalent to the maximum
anticipated wellhead surface pressure. Subject to subparagraphs (A}
and (B) hereinbelow blowout prevention equipment shall have manually
operated gates and hydraulic actuating systems and accumulators of
sufficient capacity to close all of the hydraulically-operated equip-
ment and have a minimum pressure of 6% bars (1,000 psi) remaining on the
accumulator. Dual control stations shall be installed with a high




pressure backup system. One control panel shall be located at the
driller's station and one control panel shall be located on the ground
at least 15 metres (50 feet) away from the wellhead or rotary table.
Air or other gaseous fluid drilling systems shall have blowout pre-
vention assemblies., BSuch assemblies may include, but are not limited
to, a rotating head, a double ram blowout preventer or equivalent, a
banjo-box or an approved substitute therefor and a blind ram blowout
preventer or gate valve, respectively. Exceptions to the requirementa
of this paragraph will be considered by the Supervisor only for cer-
tain geologic and well conditions such as stable surface areas with
known low subsurface formation pressures and temperatures.

A proposed blowout preventlon program and a blowout contingency
plan including proposed containment, public health and safety and clean-
up measures shall be submitted with the Application for Permit to Drill
(Form 9-3131C).

A. Conductor Casing. Before drilling below this string, at least
one remotely controlled hydraulically-operated expansion type preventer
or an acceptable alternative, approved by the Supervisor, including
a drllling spool with side outlets or eguivalent, shall be installed.

A kill line and blowdown line with appropriate fittings shall be con-
nected to the drilling spool.

B. Surface, Intermediate and Production Casing. Before drilling
below any of these strings, the blowout prevention eguipment shall
include a minimmm of:

(1) ©One expansion-type preventer and accumulator or a rotating head;

(2) A manual and remotely controlled hydraulically-operated double
ram blowout preventer or eguivalent having a temperature derated
minimum working pressure rating which exceeds the maximum anticipated
surface pressure at the anticipated reservoir fluid temperature;

{3) A drilling spoel with side outlets or egquivalent;

(4) A fillup line;

(5) A kill line equipped with at least one valve; and

(6) A blowdown line equipped with at least two valves and securely
anchored at all bends and at the end.

€. Testing and Maintenance. Ram-type blowout preventerg and
uunillaz? eqpiplent shall be tes 1 &C

; TV asing, or ﬂESENth..Hh chever is
the 1use1_f- wantu- shall be tested to 70
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percent of the above pressure testing requirements.

The blowout prevention eguipment shall be pressure tested:

(1) When installed;
{2) Prior to drilling out plugs and/or casing shoes;

{3} Mot less than once each week, alternating the control stations;
and

i4) Following repairs that require disconnecting a pressure seal
in the assembly.

puring drilling operations blowout prevention equipment shall be
actuated to test proper functioning as follows:

(1} Onece each trip for blind and pipe rams but neot less than once
wach day for pipe rams; and

{2) At least once each week on the drill pipe for expansion-type
preventers,

All flange bolts shall be inspected at least weekly and re-tightened
as necessary during drilling operations. The auxiliary control systems
shall be inspected daily to check the mechanical condition and effective-
ness and to ensure personnel acquaintance with the method of operation.
Blowout prevention and auxiliary control equipment shall be cleaned,
inspected and repaired, if necessary, prior to installation to assure
proper functioning. Blowout prevention controls shall be plainly
labeled, and all crew members shall be instructed on the functien
and operation of such eguipment. A blowout preventien drill shall be
conducted weekly for each drilling crew., All blowout prevention tests
and crew drills shall be recorded on the driller's leg.

D. Related Well Control Equipment. A full opening drill string
safety valve in the open position shall be maintained on “he rig floor

at all times while drilling operations are being conducted. A kelly
cock shall be installed between the kelly and the swiwvel.

3. Drilling Fluid. The properties, use and testing of drilling fluids
and the conduct of related drilling procedures shall be such as are
necessary to prevent the blowout of any well. Sufficient drilling
fluid materials to ensure well control shall be maintained in the
field area readily accessible for use at all times.
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A. Drilling Fluid Control. Before pulling drill pipe, the drilling
fluid shall be properly conditioned or displaced. The hole shall be
kept reascnably full at all times, however, in no event shall the
annular mud level be deeper than 30 metres (100 feet) from the rotary
table when coming out of the hele with drill pipe. Mud cooling
techniques shall be utilized when necessary to maintain mud character-
istics for proper well control and hole conditioning.

B. Drilling Fluid Testing. Mud testing and treatment consistent
with good operating practice shall be performed daily or more fregquent-
ly as conditions warrant. Mud testing equipment shall be maintained
on the drilling rig at all times.

The following drilling fluid system monitoring or recording devices
shall be installed and operated continuously during drilling operations,
with mud, occurring below the shoe of the conductor casing. No
exceptions to these reguirements will be allowed without the specific
prior permission of the Supervisor:

(1) High-low level mud pit indicator including a visual and audio-
warning device;

(2) Degassers, desilters and desanders;

{3) A mechanical, electrical or manual surface drilling fluid
temperature monitoring device. The temperature of the drilling fluid
going into and coming out of the hole shall be monitored, read and
recorded on the driller's or mud log for a minimum of every 2 metres
(30 feet) of hole drilled below the cenductor casing; and

(4)

aAreas

[ LLEC

an sulfide 1nd1catnr anﬂ alarm shall_hi 1nstﬂlledu

personnelnin'tha area.

C. Monitoring. From the time drilling operations are initiated
and until the well is completed or abandoned, a member of the drilling
crew or the toolpusher shall monitor the rig floor at all times for
surveillance purposes, unless the well is secured with blowout preventers
or cement plugs.,

4. Well Logging. All wells shall be logged with an induction
electric log or eguivalent from total depth to the shoe of the conductor
easing. The Supervisor may grant an exception to this requirement
when well conditions make it impractical or impossible to meet the above
requirements.,
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A. Electric Logs. The lessee shall furnish to the Supervisor two
1agible exact len of all logs run d;;;:iﬁgig E%EElEtan
o TWo cupiea of field prints of
such logs shall hg made immediately available to the Supervisor upon
his reguest. Two coples of chemical analyses of geothermal fluids or
other similar services performed shall be submitted to the Supervisor
within 30 days after such services are completed.

B. Lithologic Logs. legible exact ies of core analysis
reports and litholeogic (m s shall submitted to the Supervisor
ﬁm‘i’ﬁ“ﬁﬁ‘aa—ﬂ""’“rg? ys after the completion of such reports or logs, when such
services are used. However, daily logs shall be made available to the

Supervisor immediately upon the completion of such daily logs upon his
request.

5. Wellhead Equipment and Testing.

A. Completions. All wellhead connections shall be fluld pressure
tested toc the API or ASA working pressure rating. Cold water is
recommended as the testing fluid. Welding of wellhead connections
shall be performed by a certified welder using materials in conformance
with ASTM specifications.

B. Wellhead Equipment. All completed wells shall be eguipped with
a minimum of one casinghead with side outlets, one master valve and one
production valve, unless otherwise authorized by the Supervisor. B&all
casingheads, Christmas trees, fittings and connections shall have a
temperature derated working pressure egual to or greater than the
surface shut-in pressure of the well at reservoir temperature. FPack-
ing, sealing mediums and lubricants shall consist of materials or
substances that function effectively at, and are resistant te, high
temperatures. Wellhead equipment, wvalves, flanges and fittings shall
meet minimum ASA standards or minimum API Standard 6A specifications.
Casinghead connections shall be made such that £luid can be pumped be-
tween casing strings.

C. Testing. Any well showing sustained casinghead pressure or
leaking of geothermal fluids between casing strings shall be tested
to determine the origin of the failure, when such failure point is
not otherwize determinable, and corrective measures shall be taken.

Well Spacing cin Well Spacing. No prod

lncated uithin an E!E@gﬁ ee _mml‘-u_:r”buundarigﬂ of the
except where approved b r. -Face”’
I tinn E a well shu.Ll ba 1ocataﬂ w:.thm 15 metres (50 feet) OFf
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spacing as he determines to be necessary for the proper development

of the geothermal resources in accordance with the provisions of

30 CFR 270.15.

oved:

( A
7 I
\\/LJ‘44D v LL/ ué{
Russell G. Wayland
Chief, Conservation Division

Reid T. Stone
Area Geothermal Suvperviscer
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