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Related Documents
Reference is made in this document to the following:

New Zealand Standards

NZS 2403:1991 Code of Practice for Deep Geothermal Wells

American Standards

API Spec 5L:1995 Specification for Line Pipe

API Spec 5CT:1995 Specification for Casing and Tubing

ANSI/ASME B16.11:1991 Forged Steel Fittings, Socket-Welding and Threaded

British Standards

BS 1387:1985 Screwed and Socketed Steel Tubes and Tubulars and for Plain End
Steel Tubes Suitable for Welding or for Screwing to BS 21 Pipe Threads

BS 1740:1971 Specification for Wrought Steel Pipe Fittings (screwed BS21
R-series thread) Part 1: Metric Units

BS 3601:1987 Specification for Steel Pipes and Tubes for Pressure Purposes;
Carbon Steel with Specified Room Temperature Properties
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Foreword

These Guidelines set out the requirements for design and work practice
necessary to ensure the safe drilling, operation, maintenance and abandonment
of wells penetrating hot subsurface conditions to a depth of 150 metres, however
where subsurface conditions are not expected to be severe, compliance with
these Guidelines may be extended to those wells drilled to a depth not exceeding
250 metres.

These Guidelines apply particularly to the volcanic regions and geothermal
industry of New Zealand, but are expected to be suitable for use in other
countries.
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Part 1: General

101 Scope

101.1 These Guidelines cover the drilling, operation, maintenance and
abandonment of shallow geothermal wells. Sections of the Guidelines cover
well design, well site preparation, drilling practice, well operations,
maintenance, and abandonment. The scope of the Guidelines also includes
all subsurface work, subsurface casing, plus the wellhead components to
the top flange of the master valve.

Note: These Guidelines do not consider equipment or operations downstream of the master
valve. (Or wellhead isolation valves where applicable.)

101.2 These Guidelines are intended to provide sufficient mandatory rules,
recommendations and commentary to enable shallow geothermal wells to
be drilled and operated safely. However, the presence of any highly acidic
waters or other exceptional circumstances may compel consideration of
requirements beyond the scope of these Guidelines.

101.3 (1) These Guidelines shall apply to all wells drilled to a depth not
exceeding 150 metres where steam or hot water exceeding 70
degrees Celsius is or is likely to be encountered.

(2) The authority having jurisdiction for these Guidelines may also allow
compliance with these Guidelines for wells in the depth range of
150 m to 250 m where subsurface geothermal conditions are
20 degrees Celsius or more below boiling point for depth at ambient
conditions, and the wellhead pressure is less than 5 berg. (Refer
Table 3).

Note: Wells drilled in conditions more severe than those outlined in 101.3(2) shall comply
with the Code of Practice for Deep Geothermal Wells NZS 2403: 1991.

101.4 These Guidelines are directed towards the elimination, minimisation, or
isolation of hazards associated with:

(1) The installation and operation of drilling machinery and equipment;
and

(2) The design, operation, repair, maintenance, or abandonment of
geothermal wells.

101.5 Wells being planned, drilled, worked-over or operated within the scope of
this document may be specified by reference to existing national and
international Standards. Standards have been listed under Related
Documents and form part of the requirements of these Guidelines which
concentrates on the effects peculiar to geothermal situations.

101.6 These Guidelines are not intended to preclude the adoption of alternative
techniques which are based on sound data and engineering, or on the use
of alternative recognized Standards. Documented justification shall be
maintained wherever a variation from any mandatory provision of these
Guidelines is desired.
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102 Definitions

102.1 For the purpose of these Guidelines the following definitions shall apply:

Airlift wells: Wells which discharge with the continual or near continual
aid of an air compressor.

Blowout: An uncontrolled flow of steam, water, gas or rock material at the
ground surface either inside the well or escaping from the well at depth.

BOP: Blowout preventer.

Bore: See Well.

BPD (Boiling point for depth conditions): Representing a column of pure
water at its boiling (saturation) temperature corresponding to the pressure
at every depth.

Note: The values may be interpolated from published tables of the thermodynamic
properties of water, i.e. steam tables. Table 3 shows BPD pressures and temperatures for
standard ambient conditions at the surface and depths down to 300 m.

Cellar: An excavation around the top of the well to accommodate part of
the wellhead.

Conductor pipe: The large diameter, very shallow pipe sometimes
installed before drilling commences, used to retain surface material against
collapse or washout, and to elevate returning drilling fluid to above ground
level.

Diverter: A well control device consisting of sealing elements compressed
in a cylindrical body mounted on a well and operated by hydraulically or air
activated cylinders, with piping to direct the discharge from a well at a safe
distance during drilling operations.

Downhole heat exchanger: Pipework installed in a well for the purpose
of extracting heat. Circulation may be maintained by thermosyphon, mains
pressure or circulation pump.

Drilling: Includes workovers and all well site activities associated with
rigging up and rigging down.

Geothermal: Associated with heat derived from the earth.

Geothermal energy: Energy derived or derivable from and produced
within the earth by natural heat phenomenon.

Geothermal fluid: Includes all steam, water, and water vapour, and every
mixture of all or any of them that has been heated by geothermal energy,
and every kind of matter derived from a well and for the time being with or
in any such steam, water, water vapour, or mixture (but does not include
water that has been heated by such energy to a temperature not exceeding
70 degrees Celsius).

Intermediate casing: Casing installed where required by subsurface
conditions to enable target depth to be reached for that stage of the well.

LCM: Lost circulation material.
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Liner: A casing having openings for the production or injection of fluids,
and installed in the drilled hole to prevent collapse of the formation or
entry of debris into the well.

Local authority: Regional council or territorial authority.

Low pressure steam wells: Steam-producing wells with a measured
shut-in wellhead pressure of less than 35 kPa.

Master valve: The primary containment valve on the well.

NRV: Non-return valve.

Pressure: Gauge pressure (that is, pressure above ambient) unless
specified otherwise.

Note: As steam tables normally use absolute values, add atmospheric pressure to gauge
pressure before using the tables.

Production casing: The deepest cemented casing extending to the
surface.

Production liner: A casing string installed to protect the hole or other
casings from the corrosive or erosive effects of fluid flow.

Note: Depending on its purpose, this liner may be cemented, or free to expand with
increase in temperature.

Pumped wells: Wells that are fitted with artificial lift devices, which may
be surface- or downhole-mounted, to enable geothermal fluid to be
extracted.

Quench: The injection of cold liquid into a well to condense or prevent the
formation of steam, or to reduce temperatures for other purposes.

Reinjection well: A well that is drilled for the purpose of re-injecting
geothermal fluids into the ground.

Self-discharging wells: Wells which discharge geothermal fluids without
the aid of continued artificial lift.

Surface casing: The first casing installed in the well which supports a
drilling wellhead.

Well: A fully- or partially-lined hole in the ground.

Wellhead: A set of valves and other pressure-rated components,
connected to the top of the well and used to contain the well fluids.

Workover: Maintenance or repair in an existing well.

102.2 The word “shall” refers to requirements which are essential for compliance
with these Guidelines except where alternative methods are adopted in
accordance with Section 101.6.

The word “should” refers to options which are strongly recommended.
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103 Units of Measurement

With the exception of diameter, SI units of measurement and abbreviations are
used in these Guidelines. Where Imperial units are preferred, the SI equivalent is
quoted in brackets immediately after. Table 1 below lists the principal units used
and their conversions.

Note: Because most of the rotary drilling Standards were developed in the United States of
America, there is still widespread use of the US version of Imperial units of measurement
(for example, feet and psi), together with others adapted in the petroleum industry e.g.
barrels). Although New Zealand officially adopted SI units in a planned conversion during
the period 1971-76, the drilling industry has had to maintain familiarity with the units still
used by equipment suppliers, technical literature, etc.

104 Nomenclature and Abbreviations

API American Petroleum Institute
BPD Boiling point for depth
STD Standard
C02 Carbon dioxide
H2S Hydrogen sulphide
NB Nominal bore
m metres
mm millimetres
C Celsius
MPa megapascals
lb/ft pound per foot
kg/m kilograms per metre
kPa kilopascals
kPag kilopascals (gauge)
kg/l kilograms per litre
ID Internal diameter
F Fahrenheit

Table 1: Unit Conversion Factors

Imperial/US Multiply by/Divide by SI/Metric (to 4
significant figures)

inch 25.40 mm
feet 0.3048 m
sq. inch 645.2 mm2

Imp. gallon 4.546 litre
U.S. gallon 3.785 litre
barrel 159.0 litre

pound (lb) 0.4536 kg
short (US) ton 0.9072 tonne
long (Imp) ton 1.016 tonne
kip (103 lbf) 4.448 kN

psi (lbf/in2) 0.006895 MPa
psi 0.06895 bar
psi 0.07031 kgf/cm2

Fahrenheit - 32 5/9 C
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Table 2: Mean Boiling Point Values

Elevation (m) Ambient Pressure Boiling Temperature
(kPag) (deg. C)

Sea level 101.3 100.0
+ 500 95.5 98.3
+ 1000 89.9 96.7
+ 2000 79.5 93.3
+ 3000 70.1 90.0

Note: The ambient air pressure varies with the local weather and notably with the
elevation, while the boiling temperature of water is also affected by the dissolved solids and
gas present. In the absence of better data, mean values may be interpolated from the Table
2 above.
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Part 2: Well Design

201 General

201.1 This part covers the issues which shall be considered in planning any
operations to be undertaken within the scope of these Guidelines. The
scope of this section includes consideration of the subsurface conditions
likely to be encountered, identification of the equipment and materials
required, consideration of material performance, and recognition of drilling
practices needed to ensure duration of the well.

201.2 Conservative assumptions on subsurface reservoir conditions and design
factors shall be adopted.

201.3 Before drilling operations begin, an assessment shall be undertaken to
ensure that adequate precautions have been taken to satisfy the safety
provisions of these Guidelines.

Note: The design steps which are necessary to drill a well safely include:

(1) Taking geological and reservoir engineering advice on likely subsurface conditions;

(2) Determining depths for casings and well completion;

(3) Selecting casing diameters, casing type and cementing materials;

(4) Selecting wellhead components; and

(5) Nominating the necessary equipment, tools, materials, and support facilities.

202 Casing

202.1 General

(1) The well programme prepared in compliance with these Guidelines
shall include all casing strings and liners required for the following
reasons:

(a) To prevent hole collapse;

(b) To support drilling and permanent wellheads;

(c) To contain well fluids;

(d) To control contamination of subsurface aquifers;

(e) To counter circulation losses during drilling; and

(f) To protect the integrity of the well against corrosion, erosion or
fracturing.

The casing and liner configuration for a typical well is illustrated in
Figure 1.
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Figure 1: Shallow geothermal well casing configuration

(2) In wells where temperature and pressure profiles versus depth cannot
be approximated from existing data or from additional investigations,
values to be used for well design shall be determined as follows:

(a) Unless artesian conditions are suspected, subsurface fluid
pressures shall be the hydrostatic values for a column of cold
water below the general ground level of the area. If the
groundwater hydrology, local topography or natural thermal
features suggest artesian conditions, design fluid pressures shall
be increased to the extent implied by such indications.

(b) Subsurface temperature values shall follow saturation conditions
for a column of boiling water below the same level defined by
(a) above.

Note:

(1) Saturation pressures corresponding to the above temperatures will be less than the
cold hydrostatic pressures derived in 202.1(2)(a).

(2) Pressure and temperature values may be interpolated from Table 3.

Ground level

Note: all casing
(excluding the liner) is
required to be cemented
from the casing shoe to
the surface.

Cement

Conductor pipe
(where required)

Surface casing

Intermediate casing
(where required)

Production casing

Open hole or liner
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Table 3: Standard BPD Fluid Pressures and Temperatures

Depth (m) 20°C (MPa) Fluid pressure Temp °C
Boiling (MPa)

0 0 0 100
10 0.10 0.09 119
20 0.20 0.19 132
40 0.39 0.36 149
60 0.59 0.54 162
80 0.78 0.72 172

100 0.98 0.89 180
150 1.47 1.32 196
200 1.96 1.75 208
300 2.94 2.57 227

Note:

The above values assume:

(1) Free water surface at sea level.

(2) No gas or vapour in the hot water column.

(3) For design purposes, the fluid pressure in the well at any depth shall
be the greatest of:

(a) Pressure applied at the surface, plus that due to the static fluid
column.

(b) The saturation pressure of steam at the level of highest
temperature in the open hole.

(c) Fluid pressure in the formation at any level in the open hole.

(4) The casing programme shall be designed to avoid failure in situations
where liquid may be trapped and then heated without relief from the
resulting fluid pressures; e.g. between two cemented sections of
casing-to-casing annulus.

(5) The top section of each casing string and wellhead shall be designed
to withstand the following pressure and temperature conditions:

(a) The pressure applied at the wellhead at the appropriate
temperature.

(b) The fluid pressure at maximum well depth.

202.2 Casing Setting Depths

(1) Casing setting depths shall be determined, with regard to subsurface
rock and fluid conditions, using available information from adjacent
wells, or any scientific surveys, if applicable.

(2) The depths of all cemented casing strings and liners shall be selected
to ensure that they can safely contain all well conditions resulting
from surface operations and from the characteristics of the formations
and fluids throughout the open hole. The above requirement shall
take precedence over the needs of the operator to expose certain
formations for production, injection, testing etc.
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(3) The depth of an open hole should be limited to avoid the exposure of
the well to conditions which could be expected to lead to a blowout.

Note:

(1) Where a geological fault connects the open hole to the ground surface, the possibility
of a blowout exists if the fluid temperature-pressure conditions downhole are
sufficiently high to cause a positive pressure at ground level.

(2) In a relatively unfractured formation, a blowout can occur if the fluid pressure exceeds
that necessary to fracture the overlying formations.

(3) The advisable method for selecting casing depths can be summarised as follows:

(a) Firstly, determine the depth of cemented production casing, from consideration
of total hole depth, and expected downhole conditions.

(b) Next, decide on the depth of surface casing to provide anchorage and support for
the initial drilling wellhead.

(c) Then select the optimum depth(s) for any intermediate casing(s) if required, to
ensure safe drilling conditions until the production casing is cemented.

202.3 Casing Diameters

(1) Casing pipe diameters should be selected from BS1387, API Spec 5CT
or Spec 5L, BS3601 or equivalent.

(2) To permit satisfactory cementing, inside casing diameters should be
not less than 2 inches (50 mm) larger than the outside diameters of
joints and accessories (other than centralizers) attached to the next
inner string.

(3) The inside diameter of the production casing shall be selected to
accommodate:

(a) Drilling tools needed to drill the remainder of the well and
maintain it.

(b) Downhole equipment, such as liners required to complete the
well.

202.4 Casing Materials

(1) Steel casings shall be selected from BS 1387; API Spec 5CT or 5L; or
BS 3601 or equivalent. For design purposes, basic casing properties
shall be modified as necessary to allow for the effects of temperature,
corrosion, erosion and wear.

(2) In situations where gas may be present, casing materials shall be
selected so as to minimise the possibilities of failure by hydrogen
embrittlement or by sulphide stress corrosion. Preferred API steels
are: Spec 5CT Grades H-40, J-55 and K-55; C-75 and L-80; Spec 5L
Grades A and B.

202.5 Casing Design

General

(1) The design of casings shall consider the effects of all combinations of
pressure, temperature, temperature change, erosion and corrosion
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which may occur at any time or depth during the drilling or operation
of the well.

(2) Where conditions likely to cause corrosion of the outer casing surface
are expected, adequate measures shall be taken to avoid affecting
the integrity of the well, and may include the following:

(a) The provision of sacrificial thickness to achieve the required
casing life in areas where aggressive ground water and gas, and
those areas near the water table where the presence of oxygen
accelerates the rate of chemical action.

(b) The application of a resistant covering over the casing surface –
such as a thick cement sheath, chromium plating or a suitable
high temperature resin coating.

(c) The choice of a casing material other than low alloy steel, such
as stainless steel or glass fibre reinforced thermosetting resin.

(d) Maintaining the well on bleed to minimise stress corrosion
cracking.

Note: When completely closed, a well with high gas content tends to stabilise with a
column of cold gas (predominantly CO2 and H2S) down to a level of or below the casing
shoe. This is also the situation favouring high tensile stressing due to temperature decrease.

Photo 1 - BS 1387 Heavy surface casing
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Master valve (Note: not functional if
antiscalent tubing used in well - hence
optional for such wells)

202.6 Tubing Design

General

(1) Any tubing installed within a geothermal well, including downhole
heat exchanger piping, airlift piping, chemical injection piping etc.,
shall be designed and selected from materials after considering the
effects of all combinations of pressure, temperature, temperature
change, erosion, and corrosion which may occur at any time or depth
during the operation of the well.

203 Wellhead Design

203.1 General

(1) This section of the Guidelines covers the design and construction
requirements for permanent wellheads and includes the casing head
flange or coupling, wellhead spools, master valve and other valves of
primary containment in relation to the well.

(2) Various types of wellhead design for production wells are considered
along with requirements for geothermal reinjection wells.

(3) The design of permanent wellheads shall consider the effects of all
combinations of pressure, temperatures and temperature changes
which may occur at any time during the operation of the well.

Note: Steel materials should be used for wellhead fittings. Cast iron is not suitable for use
in geothermal wells. Plastic fittings may only be used under the appropriate conditions in
low temperature geothermal wells.

203.2 Self-Discharging Wells (not including low pressure steam wells)

(1) Self-discharging wells shall be terminated aboveground by a short
standpipe and a wellhead master valve which shall be designed to
withstand surface conditions including erosion and corrosion for the
life of the well.

(2) Wellhead components including the connection to the well casing
shall have a factor of safety of at least 2.0 against the internal
pressures anticipated for the well.

(3) Wellheads shall conform to the design and valve configuration shown
in Figure 2.

Figure 2 - Wellhead Construction Details for Self-Discharging Wells

Reducing bush

Blowdown valve
(optional)

Wrought cross

Casing

Supply valve

Starting/quench valve
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Photo 2 - An example of a self-discharging geothermal well

Photo 3 - An example of a self-
discharging geothermal well with

antiscalent injection
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Photo 4 - An example of a self-discharging geothermal
well equipped with a downhole heat exchanger

Photo 5 - An example of an airlift geothermal well

(4) ANSI/ASA Class 150 valves and fittings will be sufficient for most
applications to 150 metres, with Class 300 appropriate for
applications to 250 metres.

(5) A wrought cross or tee, installed above the master valve, shall comply
with a minimum specification of BS1740 or BS1740 heavyweight or
ANSI B16.11 as applicable.

(6) Wellheads shall incorporate a suitably sized and rated valve or valves
installed on the wrought cross which will allow vertical access for the
following activities to be performed:
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(a) Quenching of a well under all conditions;

(b) Bleeding of gases from the well;

(c) Indication of nominal gauge well pressure;

(d) Initiation of well flow/boiling through the introduction of a
compressed air line; and

(e) Wireline instrument access.

203.3 Downhole Heat Exchangers

(1) Wells fitted with a downhole heat exchanger, where the maximum
downhole temperature is greater than 95 degrees Celsius, or where
the maximum wellhead pressure exceeds 50kPa, shall conform to the
design and configuration shown either in Figure 3 or 4.

(2) The design shall ensure an adequate allowance for heat expansion,
where necessary.

(3) A plain or threaded coupling connecting a flanged fitting shall be
welded or screwed to the production casing.

(4) A minimum ANSI/ASA Class 150 steel plate shall be bolted to the
casing head flange by a minimum of four 10 mm diameter bolts. The
flanges shall be sealed with a gasket of material able to withstand the
temperatures and pressures encountered during the operation of the
well.

(5) The heat exchanger pipework shall be either connected through the
wellhead plate by two welded minimum 20 mm diameter wrought
steel barrel nipples as in Figure 3 or glanced through a heavy black
pipe socket where stainless steel pipework is utilised.

(6) Steel nipples, fittings and suitably rated isolation valves shall be fitted
to the socket connections on the wellhead plate for connection and
isolation of the pipework from the well.

(7) Isolation valves shall be fitted on all pipework connecting a downhole
heat exchanger where the maximum wellhead pressure exceeds
50 kPa.

(8) A 25 mm (minimum diameter) wrought steel barrel nipple shall be
welded through the plate and fitted with a suitably rated full opening
25 mm isolation valve in a vertical position for well quenching or
instrument entry.

(9) The quench/instrument entry valve shall be capped or plugged to
prevent unauthorised operation of the valve, and to protect the valve
gate from damage and corrosion.
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Figure 3 - Wellhead construction details for downhole heat exchanger
using steel pipe (20 mm steel tube illustrated.)

(10) Where a geothermal well fitted with a downhole heat exchanger has,
or is likely to have, a measurable well head pressure due to the
accumulation of geothermal gases, the wellhead shall be open vented
to prevent the build up of pressure. The quench/instrument entry
may be extended for use as a vent pipe in this instance.

Note: The vent pipe must be designed to safely disperse the noxious gases. The height of
the vent pipe should be 3 metres above the nearest building ridge line, or a minimum
height of 6 metres above ground level.

(11) If the wellhead is constructed below the surrounding ground level,
adequate clearance shall be provided to allow access to flange bolts
and other fittings and to allow for inspection of the wellhead, casing
head flange, production casing and annulus cement.

25 mm gate valve

20 mm sockets

Minimum four (4) 10 mm
bolts

Flange plate min ANSI/ASA
Class 150

25 mm minimum quenching
valve for controlling well and
for instrument entry

25 mm wrought nipple set
through flange

20 mm male and female
wrought pipe fittings (2)

20 mm ball valve (2)

20 mm barrel nipple (2)

Flange plate min ANSI/ASA
Class 150

Gasket

Welded or screwed steel
flange
Casing



22  Health and Safety Guidelines for Shallow Geothermal Wells

25 mm gate valve

25 mm socket with
Teflon packing

Minimum four (4)
10 mm bolts

Flange plate min ANSI/ASA
Class 150

25 mm minimum quenching
valve for controlling well and
for instrument entry

25 mm steel nipple set
through flange

20 mm ball valve (2)

20 mm stainless steel tube
316 grade 1.2 mm wall (2)

25 mm black heavy pipe
socket with 3 rows of Teflon
6 mm x 6 mm packing (2)

Flange plate min ANSI/ASA
Class 150

Gasket
Welded or screwed steel
flange
Casing

Figure 4 - Wellhead construction details for downhole heat exchanger
using stainless steel tube. (20 mm stainless steel tube illustrated)

203.4 Airlift Wells

(1) Wells which discharge only with the continual aid of an air compressor
shall conform to the design and valve configuration as shown in
Figure 5.

(2) Installed on the production casing shall be fitted a wrought tee or
optional wrought cross which shall comply with a minimum
specification of BS1740.

(3) Installed on one side of the wrought tee shall be fitted a supply valve
for control of geothermal fluid and connection to a geothermal supply
pipeline.

Note: An optional blowdown valve for maintenance purposes or emergency access may be
installed on the wellhead cross.

(4) The top of the wrought tee (or cross) shall be sealed by a reducer
through which a barrel nipple shall be threaded or welded.

(5) The air supply line shall be connected to this nipple.
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Air tube

Figure 5 - Wellhead construction details for airlift wells

(6) The air supply line connecting the wellhead shall be fitted with a non-
return valve.

203.5 Low Pressure Steam Wells

(1) Steam producing wells with a measured shut in wellhead pressure of
less than 35 kPa may be terminated above ground level with a
suitably designed and rated gate valve as the primary containment
device.

(2) Suitable access shall be maintained to allow operation and inspection
of the valve.

203.6 Pumped Wells

Wells which extract geothermal fluid by means of artificial lift shall be
designed and configured to ensure that the well remains under control at
all times after consideration of all anticipated temperature and pressure
conditions.

203.7 Reinjection Wells

(1) For design and construction details for reinjection wells refer to Part 6
Section 602.1.

Non-return valve
Mac union

Air supply line

Blowdown valve
(optional)

Wrought wellhead cross

Casing

Nipple welded through reducer

Reducer bushing

Master supply valve
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Photo 8 - An example of a
geothermal reinjection well

Photo 6 - An example of a low pressure steam
geothermal well

    Photo 7 - An example of a pumped geothermal
                                         well
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Part 3: Well Sites

301 General

301.1 This part covers the requirements for the selection and location of well
drilling sites.

302 Site Selection

302.1 Before well drilling operations commence notification of the location of the
proposed well shall be made to the authority having jurisdiction.

302.2 Site selection should consider geological factors which could affect the
stability of the well drilling site and any surface thermal activity in the
immediate vicinity of a proposed wellsite.

Note:

(1) Warm and steaming ground may present gas and scalding hazards to well site
personnel.

(2) Well sites located over cavernous ground pose a hazard as the ground may collapse
exposing hot fluids.

(3) Where near surface temperatures are close to boiling, the removal of overburden or
the lowering of ground-water levels could initiate a localised eruption of steam and
mud.

303 Site Access

303.1 Reasonable access should be maintained to the well and wellsite for
workover and emergency services at all times.

304 Site Location

304.1 The location of a well should comply with the requirements of local
authorities and public utilities where applicable.

304.2 A well shall not be enclosed by a building or structure except where
ventilation to prevent the accumulation of hazardous gases is ensured and
where adequate access to repair and properly abandon the well is
maintained.

304.3 The site should have sufficient open surroundings to prevent the
accumulation of dangerous gases.

Note: Hazardous areas can be created by shelter belts, solid fences and similar barriers to
the free movement of air.
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305 Cellars

305.1 Cellars, where required, shall be well ventilated and the depth shall be
minimised.

305.2 Cellars shall be adequately drained to minimise the accumulation of water
on the cellar floor.

Note: Noxious gases can reach dangerous concentrations in deep cellars due to the lack of
natural air movement.

305.3 Wellheads located below ground level shall have a cellar which shall be
covered with a protective plate or grill that also enables access for
inspection purposes.

306 Site Drainage

306.1 Surface drainage and well design should ensure that no water can pool
around the well casings at ground level.

307 Water Supply

307.1 An adequate supply of water shall be available on the site during all drilling
operations. The supply shall be adequate for all quenching, drilling, and
cementing operations.

308 Well Site Security

308.1 Drilling sites located in public areas should have adequate fencing and
signage to discourage the entry of unauthorised personnel.

308.2 Wells located in public areas and exposed to vehicular traffic shall be
protected by an appropriate protective barrier to prevent damage to the
wellhead.
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Part 4: Drilling Practices

401 General

401.1 This part of the Guidelines sets out the minimum standards of drilling
practice required for well control, casing, cementing, completion, drilling
problems, record keeping and maintenance during the drilling or workover
of a shallow geothermal well.

402 Well Control

402.1 Well control equipment shall be used on all drilling and workover operations
except those in areas where the known maximum well temperature is less
than 90 deg C and there is no measurable wellhead pressure.

402.2 Well control equipment shall be selected to adequately and safely control
all anticipated pressures and temperatures in the well.

Note: For low pressure wells, a diverter, designed to contain and redirect all anticipated
pressures and flows during drilling operation, may be used, and shall be fitted with a
suitably sized and rated full opening valve on the discharge line to enable the discharge
from the well to be controlled.

402.3 Discharge lines shall be located so as to discharge in a controlled and safe
manner.

402.4 Controls and operating equipment for the well control devices shall consist
of suitably sized and rated equipment located a safe distance from the
wellhead.

402.5 Well drilling operations shall not commence until there has been assembled
on site, with all necessary connections and materials ready for urgent use,
sufficient and appropriate equipment for cooling and for sealing the well.

402.6 An adequate supply of water shall be available at the well site to quench
the well during drilling and workover operations.

403 Drilling Fluids

403.1 The characteristics of the drilling fluid, the equipment to handle such fluid,
and the method of use of the fluid shall be such as to provide adequate
control of the maximum subsurface pressures expected to be encountered
in drilling the well.

Note: Drilling fluids are required to remove cuttings and formation gas from the well during
drilling, to cool and lubricate the bit and drill string, to apply pressure to formation fluids for
controlling flow into or out of the well, and to cool the formation — particularly prior to
cementing. Various drilling fluids are selected according to reservoir pressures and
temperatures and to drilling techniques proposed. Drilling fluids normally used include
water, water-based bentonitic muds, aerated water or mud, stiff foam, mist or air.
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Photo 9 - An example of a shallow
geothermal drilling rig

Photo 10 - An example of a
blowout preventer for shallow
geothermal wells
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403.2 During drilling operations, sufficient reserves of water, drilling fluid, and
supplies of drilling fluid materials shall be available at the well site for
immediate use.

403.3 The volume of the drilling fluid, and the flow rate, temperature and
contents of any returns, should be monitored closely to provide the earliest
warning of an uncontrolled flow back of fluids from the reservoir.

Note: A significant gain or loss of total volume which cannot be accounted for (e.g. surface
losses, aeration), a total loss of returns, a rapid increase in heat returned to the surface, or
formation gas in the returns, may be indicative of a potential flow of formation fluids into
the well. The fluids may contain any mix of gas, steam or hot water and initiate an eruption
of fluid from the well.

404 Running Casing

404.1 The lengths of all joints of casing, including accessories, shall be measured
and recorded.

404.2 All casings should be handled and stored to ensure no damage results to
the pipe or threads.

404.3 All casing couplings should be tightened to the manufacturer’s torque
specifications.

405 Cementing Casing

405.1 All casing strings, except open hole slotted liners, shall be fully cemented
into place.

405.2 Casings shall be cemented with a uniform quality cement grout which fills
the annular space between the casings, and extends from the shoe to the
surface.

Note: An attempt should be made to seal severe loss zones prior to cementing using
cement slurry slugs, or loss circulation material additives to enable adequate cementing of
the casing.

405.3 Cement should be pumped down the inside of the casing and circulated
back to surface up the casing/drillhole or casing/casing annulus.

405.4 The pumping and circulation of cement for casing strings should be
uninterrupted.

405.5 Circulation of the cement slurry should cease when uncontaminated cement
is circulated out of the drillhole annulus at the surface.

Note: The cementing programme should use materials, and be undertaken in a manner,
which is most likely to ensure that the total length of the annulus outside the casing is
completely filled with a sound cement which can withstand long-term exposure to
geothermal fluids and temperature anticipated in the drilling of the well.
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406 Well Completion

406.1 The total length of the drill string in the hole at the time the bit is at the
bottom of the hole shall be checked to confirm the final drilled depth. This
check should include counting the drill pipe removed and measurement of
the bottom hole drill assembly.

406.2 If a liner is run in the well the liner shall extend from the final depth to a
minimum of 10 metres above the shoe of the previous cemented casing.

407 Wellhead Installations

407.1 Seal rings or gaskets used in flanged connections shall be clean and free
from damage or defects.

407.2 Ring grooves, rings for sealing, studs and bolts shall be uniformly greased
before installing the sealing ring and assembling flanges together.

407.3 Flanges shall be pulled together uniformly by progressive tightening of the
nuts around the flange systematically such that the flanges are essentially
parallel throughout the tightening process.

407.4 When the flanges are fully made up, all nuts shall be fully engaged with the
bolts or studs such that there is a short length of bolt or stud protruding
from each nut.

407.5 All stud or bolt holes in a flange shall contain an appropriate stud or bolt in
order to achieve the full pressure rating of the flange.

407.6 The wellhead and exposed casing should be sandblasted and painted with a
high temperature compatible paint system to afford maximum protection
against surface corrosion.

407.7 Following well completion and rig removal, a circle of cement measuring a
minimum diameter of 0.5 m should be placed around the wellhead, raised
and graded to ensure that no surface run-off water can accumulate around
the well.

407.8 Where a cellar is constructed, drains from the cellar should be cleared to
minimise water accumulation in the cellar floor. The site shall be graded in
a manner which will prevent surface run-off water entering and silting up
the cellar.

407.9 The rig shall not be released until the well has been left in a safe condition.

408 Record Keeping

408.1 The following information, where applicable, obtained during drilling and
completion shall be recorded with respect to date and well identification,
and permanently stored for every well.

The following information shall be recorded and kept in a daily log:

(a) The well name, number, and location.

(b) The elevation of the kelly bushing, or rotary table, above mean sea
level and above ground level.
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(c) For each 24-hour period; the date, the drilling depths at the
beginning and end, and distance drilled.

(d) The current diameter of the hole.

(e) The current operation.

(f) The completion data on the final daily drilling log.

(g) The details of any casing operations and any subsequent
modifications.

(h) The cementing details, including slurry volumes used.

(i) Downhole measurements, casing surveys, temperature surveys, and
any other test or survey carried out.

(j) The record of other operations such as fishing and equipment lost in
the hole.

(k) Circulation losses.

(l) Drilling breaks.

(m) Changes in geothermal activity on the surface in the vicinity of the
geothermal work.

408.2 The following information, where applicable, shall be recorded and included
in a summary report upon completion of the well drilling operations.

(a) The name and address of the well owner and the bore manager.

(b) The well name and number, casing head flange elevation with respect
to an established geodesic datum, and location in terms of metre
coordinates of a recognised geodesic grid to the nearest half metre.

(c) Description of the work carried out on the well.

(d) The date of commencement of workover or well-drilling operations, or
spudding-in of the well, when total depth was reached and when the
rig was released.

(e) The total depth reached.

(f) The details of the completed well and wellhead with dimensioned
schematic drawing.

(g) The hole sizes and depths.

(h) The casing and liner details including size, weight, grade, thread, and
coupling, number of joints, details of slotting, and setting depths.

(i) The casing cementing details including the quantities of materials
used.

(j) The details of any equipment left in the hole.

(k) Summary details of wellhead pressures, chemical sampling, downhole
measurements, and their interpretations.

(l) The drilling fluids used.

(m) Circulation losses.

(n) Geological description of well lithology and stratigraphy.
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409 Equipment Maintenance

409.1 All equipment and structures forming part of the drilling operation shall be
subjected to appropriate inspection, lubrication and maintenance as
recommended by the equipment manufacturers. A maintenance register
shall be kept detailing maintenance required and the maintenance
performed.

409.2 During drilling, well control devices, and wellhead components shall be
checked daily for damage, leaks of hydraulic fluid and any other aspect
which could adversely affect the control of the well.

409.3 Adequate first aid facilities and stocks of materials shall be maintained on
site at all times during drilling or workover operations.

410 Personnel Safety and Training

410.1 Prior to the commencement of work, all personnel should be instructed and
trained in well control and in the correct and safe use of all equipment and
machinery with which they work, and a logbook shall be maintained to
record such instruction and training.

410.2 At least one person who has attended a recognised first aid course and
holds a current certificate of competency in first aid should be available on
site at all times during drilling operations.

410.3 Prior to the commencement of work, personnel should be made aware of
the hazards normally associated with drilling together with the hazards
associated with hot geothermal fluids.

Note: Instruction should include: testing for CO2 and H2S; well quenching; spontaneous
well discharge; and a review of site-specific hazards.

410.4 All personnel on a well site where there is a drilling rig shall wear
appropriate personal safety equipment. Additional safety equipment may
be required where hazardous materials are being used.

Note: Equipment may include hardhats; goggles; gloves; aprons; wet gear; earplugs/
muffs; dust masks, etc.

410.5 Where hazardous gases may be present on the site, gas detectors and
breathing escape apparatus shall be available on-site and personnel shall
be fully trained in the use this equipment.
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Part 5: Operation and Maintenance of
Wells

501 General

501.1 This part covers the techniques and procedures to be adopted throughout
the life of a well, following well completion operations.

502 Self-Discharging Wells

502.1 The well casings, cement sheaths and wellhead components should be
gradually preheated prior to any discharge of a well. This preheating can be
achieved by initially putting the well on bleed.

Note: When the upper sections of a well are slowly preheated, failure of well components
induced by rapid opening of the well may be avoided. This is because, for example:

(1) Slow heating of any water entrapped between casings can allow flow of the expanding
water through any microannulus between the cement and casings, thus preventing a
buildup of pressure to a level which can collapse the inner casings.

(2) As the casings are heated, upward movement of the casing is restrained by the
development of a force between the casings and formation. This force is developed by
bond stresses between casing and cement, compressive stresses between casing
couplings and cement, and shear stresses within the cement (and within the casing).
Slow heating of the well allows more uniform heating of all casings and cement
sheaths, thus providing more uniform distribution of the stresses between the inner
casing and the formation.

Conversely, rapid heating of the well will develop high stresses close to the inner
casing, possibly exceeding the strength of the cement over some depth intervals.
Localised failure of the cement can allow undesirable movement of the wellhead and
concentration of thermallyinduced strain at weak points in the casing, resulting in
failure of the casing.

502.2 Where a well is to be opened to discharge, particularly vertical discharge,
personnel involved shall be adequately protected from hot water, steam,
noise and ejecta from the discharge. There shall be a clear means of egress
from the wellhead area for personnel involved in opening valves to
discharge or control the well flow.

Note: The recommended minimum safety equipment to be worn by such personnel includes
safety hats, ear protectors, wet gear, safety boots, safety glasses and gloves.

502.3 For discharging wells the master valve shall be opened fully before opening
the supply valve to allow the well to flow.

502.4 Immediately prior to discharging a well, the control valve shall be fully
closed prior to opening the master valve. The master valve shall be
partially opened to pressurise the downstream pipework so that the
pressurised control valve can be checked for leakage. Any leakage shall be
rectified.
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502.5 A master valve shall not be used to throttle a well flow and in particular
shall not be used to close in a flowing well except in an emergency
situation. If the control valve does not seal fully then this valve should be
closed as much as possible before closing the master valve.

502.6 Following the opening of a well, all pressurised pipe, valves, flanges,
fittings and equipment shall be inspected for correct performance. If any
defects or leakages are observed, the well shall be closed and the defects
and leakages shall be rectified before the well is reopened.

502.7 Following the opening of a well, the wellhead and associated pipework
should be monitored frequently during the initial 4 hours.

Note: A typical inspection frequency would be: 1 minute; 5 minutes; 10 minutes;
30 minutes; 1 hour; 2 hours; and 4 hours.

502.8 A discharging well shall be closed by fully closing the supply valve
downstream of the master valve before closing the master valve. Following
closure of the master valve, the pressurised pipework downstream of the
master valve shall be blown down and the master valve checked for
leakage past the gate. If there is leakage through the master valve, the
valve should be operated in an endeavour to affect a seal.

502.9 Flow-reduction devices may be installed on the wellhead to restrict flow
from the well.

Note: An orifice plate fitted downstream of the master valve or a pipe restriction
downstream of the supply valve is recommended.

503 Closed or Bleeding Wells

503.1 Wells left closed and unconnected, or wells used for monitoring purposes
shall be adequately secured. This may include the use of chains and
padlocks; removal of the valve handles; or plugging of valve openings.

503.2 An assessment should be made to determine whether the wellhead should
be maintained in a hot or cold condition.

Note: A column of cold gas in the upper part of the well can lead to accelerated corrosion of
the wellhead components. This corrosion can be minimised by discharging from the well just
sufficiently to “bleed off” all the gas and discharge steam at a minimum rate – this keeping
the well in a hot condition.

503.3 Any flow from the well by “bleeding” shall be controlled by a valve, orifice
plate, or an appropriate device other than the master valve.

503.4 Wells “on bleed” require regular inspection to ensure that the control
devices remain clear and that the released wet gas is not allowed to cause
external corrosion of the wellhead or cause a hazard to people and
property.
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503.5 Bleed discharge lines should be adequately designed, and be terminated at
some distance from the wellhead to avoid corrosion of wellhead
components from discharged fluids, and avoid the concentration of
hazardous gas around the wellsite.

Note: Hazards associated with bleed lines include: noise; corrosion; and toxic gas (H2S and
CO2). Abatement measures may include chemical injection upstream of the discharge,
installation of sound absorbing apparatus at the point of discharge, or directing the
discharge into a water-filled tank or waste pit.

504 Well Maintainance at Surface

504.1 General

This section applies to the near-surface casings, annulus cement, outer
cement circle, and shallow cellars, where applicable. It also covers the
wellhead valves, flanges, fittings and spools.

(1) Every well shall be maintained in a condition to comply with Part 2.

504.2 Wellhead maintenance

(1) All steel surfaces of valve bodies, flanges, studs, nuts, spools, casing
and associated fittings shall be substantially free of corrosion. Where
corrosion products have formed they shall be removed and the depth
of corrosion shall be assessed.

(2) Where protective paint systems require renewal, all defective areas
shall be removed by wire brushing or, if necessary, by sandblasting,
before fresh coatings are applied.

(3) Where severe casing corrosion is apparent or suspected on the near
outer casings, the outer casings shall be removed until sound casing
is exposed. The exposed casing shall be sandblasted and painted, and
the outer casings, outer cement and annular seal shall be reinstated.

504.3 Well site and equipment maintenance

(1) Site access shall be maintained in a condition to allow adequate
access to the well.

Note: The condition of any hot ground, steam or gas vents on or in the vicinity of the well
site requires regular inspection. In particular, increase surface activity or new areas of hot
ground (which may be indicated by dying vegetation) may be indicative of a deterioration in
the well.

(2) Site drainage shall prevent surface runoff entering the cellar or
accumulating around the well at ground level.

(3) The site area shall be clear of any plant growth which could enhance
corrosion or could inhibit access to the well or erection of workover
equipment.

(4) Cellar drainage shall be maintained to prevent ponding of any water
within the cellar.

(5) The well identification number shall be placed on or adjacent to the
well.
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(6) All flanges, lappings, fittings, glands, valves and like equipment, the
failure of which may adversely affect the integrity of the well, shall be
free of leakage and in sound operating condition.

Note:

(1) Deposition of dissolved solids can inhibit or prevent the correct functioning of some
equipment, particularly pressure-relief valves.

(2) Leaks past gate seats, valve stems and flange seal rings may be stopped by operating
the valve, injecting or replacing appropriate sealant or packing material, or uniform
tightening of flange studs or bolts as appropriate. If such action is not successful then
further measures described in section 506 will be required.

504.4 Wellhead and well site inspection

(1) Where relevant the wellhead pressure should be regularly monitored.

Note: Monitoring of the wellhead pressure should be undertaken on a six-monthly basis, or
more frequently where reservoir conditions are not static.

(2) Measures implemented to prevent unauthorised personnel from
gaining access to, or operating wellhead valves, should be inspected
at appropriate intervals to ensure ongoing effectiveness.

(3) Wellhead valves, fittings, glands, and flanged fittings shall be
inspected for leaks of geothermal fluid and repaired as soon as
practicable.

Note: When wells are inspected on a regular basis, it is desirable that photographs be taken
of the wellhead and of any observed defects, modifications or changes in the wellhead
configuration.

(4) The outer casings, outer cement, annulus cement and outer casings
shall be monitored for corrosion and deterioration and any defects
repaired as soon as practicable.

505 Well Integrity

505.1 Each well which has not been abandoned in accordance with Part 7 shall be
maintained in a condition to comply with Part 2 of these Guidelines at all
times.

505.2 If any condition suggesting the presence of a defect is detected in a well
during production monitoring or other operations, then the nature of the
possible defect shall be determined.

Note: The following types of defects may be present:

(1) Broken or perforated casing.

(2) Failed casing connections (e.g. by pull-out, compressive telescoping or fracture).

(3) Leaks into or out of the casing.

(4) Corroded casing.

(5) Flow up or down the annuli between or outside the casings.

(6) Mineral deposition or scale.
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505.3 If necessary, additional investigations shall be undertaken to assess any
well maintenance required.

Note: Additional investigations could include techniques described as follows:

(1) “Go-devil” runs where cylinders of different diameters are rune into a well on a
wireline. The go-devil is normally made of copper with a diameter not more than
the drift diameter of the smallest casing to be entered.

(2) Temperature runs with or without fluid injection or discharge.

(3) Flow meter runs with or without fluid injection or discharge.

(4) Pressurising the well with a gas.

(5) Mechanical calipers run on a wireline.

506 Workovers

506.1 General

(1) This section covers any operation on a completed well to achieve any
of the following:

(a) Repair or replacement of a wellhead component (e.g. master
valve);

(b) Repair or replacement of production casing;

(c) Removal of mineral deposits from the well;

(d) Any other work inside the well required to modify the existing
conditions in the well.

(2) Prior to any workover, a programme shall be drawn up detailing all
relevant information on the well and the operations to be undertaken.

(3) The concentration of any hazardous gases on or around the site (and
particularly in any cellar when applicable) shall be measured prior to
commencing work. If gas concentrations are high enough to present a
risk to personnel, then the gas shall be removed (e.g. with a blower).

Note: Both H2S and CO2 are denser than air and can accumulate over a period of time to
reach dangerous concentrations in any depressions and cellars not normally ventilated by
natural air movements.

(4) Where gas is to be bled from the well, the type of gas shall be
ascertained and the method of bleeding shall be such as to avoid
creating a hazard to personnel.

506.2 Quenching

(1) Where quenching is required, it shall be carried out in such a manner
which minimises the risk of damage to the well casing.

Note:

(1) Top quenching, the usual method of quenching for shallow wells results in the cold
interface between the well fluids and injected fluids moving down the casing. This can
cause rapid, localised cooling of the casing and can result in casing failures where
casing is highly stressed due to damage, corrosion, and substandard cementation.
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(2) The preferred method of quenching where rapid, localised cooling of the casing is to be
avoided is to snub drill string into the well to the shoe of the production casing. The
well can then be quenched by pumping cold water slowly through the drill string. This
allows cooling by the descending fluid along the entire length of the drillpipe prior to
ascending in the pipecasing annulus.

(2) When quenching a well with cold water, initial flow rates shall be
controlled at a level for a period of time and then gradually increased
until the well is off pressure. Any wellhead gas pressure shall be
slowly reduced by bleeding the gas from the well either prior to or
during the quenching operation.

(3) When using town supply water to quench a well, two tested
non-return valves shall be installed on the supply line to prevent
backflow of geothermal fluid in the water supply line. Local
authorities should be consulted to determine if additional safeguards
are required.

(4) Once a well is on quench and temporarily under control following a
blowout or repair and is left unattended until permanent repairs can
be made, a warning sign shall be posted prominently on the water
supply valve instructing any unauthorised persons not to shut off the
supply of water to the well.

506.3 Wellhead Repair

(1) Before replacing wellhead components, the well shall be gradually
quenched in accordance with 506.2 and should be kept in a totally
quenched condition for twice the estimated period of operation
required to undertake the wellhead component maintenance. Having
ensured that the well will remain quenched for twice the required
period of time, the replacement of components may then proceed.

(2) When a well has been quenched and wellhead components removed,
the well shall be kept in a totally quenched condition until the well is
secure. There shall be an adequate and secure water supply to the
site to ensure that the well can be kept in a fully quenched condition
for the maximum period that the well is likely to be insecure.

Note: Where water for quenching is supplied by a pump, a backup pipe is recommended.

(3) If there is a possibility that, while pumping water into a well, it
cannot be cooled enough to prevent well flow for twice the required
time to install or change wellhead components, then the well shall be
plugged with a retrievable packer, or drillable plug, or by a
competent, pressure-tested cement plug set inside the inner
cemented casing.

(4) Where casing inspection reveals that severe corrosion is evident on
the near-surface production casing, the production casing shall be
exposed until sound casing is revealed. The well shall be quenched
prior to cutting off the damaged casing and welding on a new section
and wellhead flange.

Note: The master valve should be refitted before outer casings and annulus cement are
reinstated.
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(5) If the well has been quenched for the replacement of a section of
casing involving welding, then the well shall be kept in a fully
quenched condition in a manner which prevents cold water coming
into contact with the casing section being welded.

(6) Welding of casing or wellhead components shall comply with sound
and accepted welding practice.

(7) Care should be taken during the cutting and removal of any section of
casing to avoid damaging adjacent sections of casing.

506.4 Downhole Maintenance and Repair

(1) Downhole maintenance and repair normally requires the well to be
quenched.

Note: Downhole maintenance and repair may include the following:

(1) Removal of scale or mineral deposits from well casing or hole.

(2) Repair of damaged casing.

(3) Isolation of permeable zones.

(4) Cleaning out or deepening a well.

(2) Well control equipment shall be installed on any well which has any
potential to discharge during any phase of the workover.

(3) Workovers on low pressure steam wells when quenched or wells with
no measurable wellhead working pressure may include the master
valve as a drill through valve. Where this operation takes place the
master valve gate seats, gate and threads shall be protected by a
wear sleeve, or alternatively a parallel face, expanding gate valve
which provides protection to the gate seats, shall be used.

(4) When drilling to remove mineral deposition in a permeable well, fluid
returns and pump pressures should be continually monitored.

Note:

(1) When drilling mineral deposition from inside the casing, drilled material may bridge
and block the hole through the mineral deposition still below the bit. If this occurs, the
flow of cooling fluids to the production zones is prevented and this can result in the
well flowing back after a short period of time.

(2) When the drill bit passes any such blockage allowing the drilling fluid to travel
downwards, cuttings above the bit can cause the drill string to become stuck in the
hole.

(5) The removal of downhole mineral deposition shall be carried out by
suitably qualified personnel as specified by the controlling authority.

Note:

(1) The output of wells may decline with time due to the formation of mineral deposits
including calcite in the production casing. Calcite forms when geothermal fluid,
containing dissolved carbon dioxide, boils. The rate of deposition of calcite depends on
the chemistry of the geothermal fluid which varies from well to well, and on the mass
flow rate from the well.
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(2) Two principal methods of removing mineral deposition with a well casing or lining are
as follows:

(a) Mechanical reaming: This is carried out using a drilling rig to drill out the mineral
deposition too close to the internal ID of the production casing. However,
continual reaming to remove mineral deposition within a well can seriously affect
the integrity of the well casing.

(b) Chemical cleaning: This involves the pumping of suitably inhibited acid into the
well to dissolve the mineral deposition.

(6) Proper precautions shall be used in both the handling and use of acid
solutions and other hazardous products, and material safety data
sheets (MSDS) shall be available on-site for all hazardous materials
used.

Note: Improperly designed chemical cleaning can lead to severe casing corrosion resulting
in well failure, or contamination and damage to surface pipework or mineral baths.

506.5 Prevention of Mineral Deposition

(1) Equipment used to prevent mineral deposition shall be of good quality
and shall be installed according to sound engineering practice.

Note: The principal method used to prevent mineral deposition in wells is the injection of
antiscalent chemicals into the well. To be effective, the antiscalent chemicals must be added
below the flashpoint of the well.

507 Record Keeping

507.1 Records of all workover operations and permanent modifications to a well
shall conform to 408.

507.2 All information obtained from downhole monitoring 505.2 and 505.3 shall
be recorded with respect to time, and well identification, and permanently
stored.
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Part 6: Disposal of Geothermal Waste

601 General

601.1 This part of the guidelines applies to the disposal of geothermal fluid after
the useful heat has been removed.

601.2 Suitable disposal equipment shall be designed to take the geothermal fluid
at all times, without overflow or water carry-over from the gas vent and
without causing a hazard to persons and property in the vicinity.

601.3 All disposal equipment shall be maintained in sound working order.

601.4 The disposal of geothermal water to stormwater or wastewater drains is not
recommended.

Note: For certain testing or emergency purposes, small quantities of geothermal fluid may
be disposed of by this means subject to approval from the appropriate local authority.

602 Reinjection Wells

602.1 Reinjection wells shall be constructed to the same standard as for
production wells, conforming to Part 2 sub parts 201, 202 and 203 (203.1
and 203.2.)

602.2 The location of a reinjection well should comply with the requirements of
local authorities and public utilities where applicable.

602.3 Possible adverse impacts and interference of fluid reinjection with regard to
adjacent wells shall be considered and minimised.

602.4 Adequate access to the well for servicing by drilling rigs and workover units
shall be maintained at all times.

602.5 The operation and maintenance of a reinjection well shall include the
normal procedures prescribed for a production well - Part 5.
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Part 7: Abandonment of Wells

701 General

701.1 This part covers the permanent closing and sealing of wells and includes
conditions which may lead to abandonment, well assessment and grouting
procedures.

702 Abandoment Criteria

702.1 Prior to abandonment, the reasons for or the objectives of the
abandonment of the well shall be identified as this may affect the manner
in which the well is abandoned.

Note: A well may be abandoned for one or more of the following reasons:

(1) Resource management including the reduction of draw-off and flow between
different sections of an aquifer.

(2) Well components have failed or deteriorated in a manner which renders the well
potentially unsafe or not economically repairable.

(3) The well is not to be used for a long period (particularly where the well is located
in an aggressive environment requiring frequent repair or maintenance).

702.2 Before deciding to abandon a well, consideration should be given to the
possibility and desirability of recompleting the well in a manner allowing
continued monitoring of reservoir conditions.

703 Well Assessment

703.1 The condition of the well components as they may affect either the
abandonment operation or the long-term effectiveness of the abandonment
shall be assessed from existing records.

703.2 If necessary, further investigations shall be undertaken to ensure that the
condition of the well components and well conditions are adequately
understood before the well is abandoned.

Note: Techniques and tools which may be used to indicate, identify, locate or qualify defects
below the surface include:

(1) Go-devil runs with cylinders of different sizes run into a well on a wireline.

(2) Temperature runs in a static or discharging state.

(3) Pressurising the well with a gas.

(4) Flow meter runs with or without fluid injection or discharge.

(5) Tools requiring the use of a drilling rig e.g. lead impression blocks and
retrievable packers.

(6) Other state-of-the-art sonic, magnetic or electrical tools.
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704 Abandonment Operations

704.1 During the abandonment of the well, appropriate well control equipment
shall be installed.

704.2 Where possible, wells shall be taken off pressure by quenching in
compliance with Section 506.2.

704.3 Where practicable, the well shall be reamed to the internal diameter of the
production casing to the depth of the production casing shoe.

704.4 Where practicable, wells shall be completely filled with uniform cement
grout which shall be placed into the well using drill pipe, or other suitable
pipe, so that the initial placement of the grout from the bottom end of the
pipe commences at the shoe of the deepest cemented casing.

704.5 Following the placement of cement in the well, including that within the
casing, the well should be treated as capable of discharging and should be
shut in with a valve or blowout preventer (BOP) if left for any period of
time.

704.6 Following the withdrawal of the drill string the cement shall be topped up to
ensure a continuous cement plug from the production casing shoe to the
surface.

704.7 Cement materials shall be selected to provide minimum deterioration of the
set cement with time. Appropriate additives such as friction reducers, and
cement retarders may be added as required.

Note: A cement slurry density in the range of 1.70 - 1.82 kg/l is commonly used.

704.8 No casing shall be recovered if the recovery of such casing exposes any
abnormal pressure or loss circulation zone.

704.9 Where fluid or gas leakage is evident from the casing annulus, a grout
squeeze shall be attempted after much of the openhole section has been
packed off and plugged back with poorly sorted sand or gravel.

Note: Bull heading to force the cement up the annulus can be used however, care is needed
to control pipe pressures to avoid hydrofracturing of the openhole section immediately
below the casing shoe.

704.10 The wellhead is to be removed and the casing cut at a minimum depth of
0.3 metres below ground level following abandonment.

704.11 A permanent record shall be kept showing the wellsite, and with details of
the well construction and placement and quality of cement used, plus any
additives used.

705 Maintenance of Temporarily Abandoned Wells

705.1 Wells temporarily abandoned shall be maintained in a safe condition for the
period of the abandonment. If there is any indication that geothermal fluids
are leaking from the well then appropriate remedial action shall be
undertaken.
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Appendix: Pressure Ratings of
ANSI Fittings

Source of data: American National Standard ANSI B16.5-1977 Steel Pipe Flanges
and Flanged Fittings.

CLASS OF MAX PRESSURE RATING FOR
FITTING FITTINGS IN NORMAL CARBON STEEL

WORKING PRESSURE TEST PRESSURE

psig bar psig bar
-20 to 100°F up to 50°C -20 to 100°F up to 50°C

Reference Tables 2-150 Table G1 Table 3 Table 3
in ANSI B16.5 to 2-2500 “Rating Ceiling

Values”

150 285 19.5 450 30

300 740 51.7 1125 77

400 990 69.0 1500 103

600 1480 103.4 2225 154

900 2220 155.2 3350 230

1500 3705 258.6 5575 383

2500 6170 431.0 9275 639
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