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Foreword

Development of the East African Standards has been necessitated by the need for harmonizing
requirements governing quality of products and services in East Africa. It is envisaged that-through
harmonized standardization, trade barriers which are encountered when goods and services are
exchanged within the Community will be removed.

In order to meet the above objectives, the EAC Partner States have enacted an [East African
Standardization, Quality Assurance, Metrology and Test Act, 2006 (EAC SQMT Act; 2006) to make
provisions for ensuring standardization, quality assurance, metrology and testing of products
produced or originating in a third country and traded in the Community in order to-facilitate industrial
development and trade as well as helping to protect the health and safety,/of society and the
environment in the Community.

East African Standards are formulated in accordance with the procedures -established by the East
African Standards Committee. The East African Standards Committeelis established under the
provisions of Article 4 of the EAC SQMT Act, 2006. The Committee is‘eomposed of representatives of
the National Standards Bodies in Partner States, together with the_.representatives from the private
sectors and consumer organizations. Draft East African Standards_are circulated to stakeholders
through the National Standards Bodies in the Partner States. The comments received are discussed
and incorporated before finalization of standards, in accordance with the procedures of the
Community.

Article 15(1) of the EAC SQMT Act, 2006 provides that “Within six months of the declaration of an
East African Standard, the Partner States shall adopt, without deviation from the approved text of the
standard, the East African Standard as a national .standard and withdraw any existing national
standard with similar scope and purpose”.

East African Standards are subject to review, tolkeep pace with technological advances. Users of the
East African Standards are therefore expected'to ensure that they always have the latest versions of
the standards they are implementing.
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Introduction

In the preparation of this East African Standard, the following source was consulted extensively:

ASTM D5299:1999(2005), Standard guide for decommissioning of ground water wells, vadese*zone
monitoring devices, boreholes, and other devices for environmental activities

Assistance derived from this source and others inadvertently not mentioned is hereby acknowledged.

© EAC 2010 — Al rights reserved iii



ﬂ IM’) Designation: D 5299 — 99 (Reapproved 2005)
I T] L

INTERNATIONAL
Standard Guide for
Decommissioning of Ground Water Wells, Vadose Zone
Monitoring Devices, Boreholes, and Other Devices for
Environmental Activities’
This standard is issued under the fixed designation D 5299; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the yeag‘of tast reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This guide covers procedures that are specifically re-
lated to permanent decommissioning (closure) of the following
as applied to environmental activities. It is intended for use
where solid or hazardous materials or wastes are found, or
where conditions occur requiring the need for decommission-
ing. The following devices are considered in this guide:

1.1.1 A borehole used for geoenvironmental purposes (see
Note 1),

1.1.2 Monitoring wells,

1.1.3 Observation wells,

1.1.4 Injection wells (see Note 2),

1.1.5 Piezometers,

1.1.6 Wells used for the extraction of contaminated ground
water, the removal of floating or submerged materials other
than water such as gasoline or tetrachloroethylene, or other
devices used for the extraction of soil gas,

1.1.7 A borehole used to construct a monitoring well, and

1.1.8 Any other vadose zone monitoring device.

1.2 Temporary decommissioning of the above is=notscov-
ered in this guide.

Note 1—This guide may be used to decommission borehéles where no
contamination is observed at a site (see Practice D 420 for details);
however, the primary use of the guide is to decommission boreholes and
wells where solid or hazardous waste have beenwidentified. Methods
identified in this guide can also be used in othef situations such as the
decommissioning of water supply wells and“boreholes where water
contaminated with nonhazardous pollutants (sueh’as nitrates or sulfates)
are present. This guide should be consultédsin the event that a routine
geotechnical investigation indicates the presénce of contamination at a
site.

Note 2—The term “well” is usedrin, this guide to denote monitoring
wells, piezometers, or other devices,constructed in a manner similar to a
well. Some of the devices listed stich, as injection and extraction wells can
be decommissioned using this guide for information, but are not specifi-
cally covered in the text.

! This guide is under the jugisdiction of ASTM Committee D18 on Soil and Rock
and is the direct responsibility of Subcommittee D18.21 on Ground Water and
Vadose Zone Investigations.

Current editionyapproved Jan. 1, 2005. Published February 2005. Originally
approved in 1092. Last previous edition approved in 1999 as D 5299 — 99.

Note 3—Details on the decommissioning of multiple-screened wells
are not provided in this guidé€.due to the many methods used to construct
these types of wells and jhe snumerous types of commercially available
multiple-screened well systems. However, in some instances, the methods
presented in this guide may be used with few changes. An example of how
this guide may be used is the complete removal of the multiple-screened
wells by overdrilling.

1.3 Most monitoring wells and piezometers are intended
primarily for, water quality sampling, water level observation,
or soil gas=sampling, or combination thereof, to determine
quality: Many wells are relatively small in diameter and are
used~to, monitor for hazardous chemicals in ground water.
Decommissioning of monitoring wells is necessary to:

1.3.1 Eliminate the possibility that the well is used for
purposes other than intended,

1.3.2 Prevent migration of contaminants into an aquifer or
between aquifers,

1.3.3 Prevent migration of contaminants in the vadose zone,

1.3.4 Reduce the potential for vertical or horizontal migra-
tion of fluids in the well or adjacent to the well, and

1.3.5 Remove the well from active use when the well is no
longer capable of rehabilitation, or has failed structurally; no
longer required for monitoring; no longer capable of providing
representative samples or is providing unreliable samples; or
required to be decommissioned; or to meet regulatory require-
ments.

Note 4—The determination of whether a well is providing a represen-
tative water quality sample is not defined in this guide. Examples of when
a representative water quality sample may not be collected include the
biological or chemical clogging of well screens, a drop in water level to
below the base of the well screen, or complete silting of a tail pipe. These
conditions may indicate that a well is not functioning properly.

1.4 This guide is intended to provide information for effec-
tive permanent closure of wells so that the physical structure of
the well does not provide a means of hydraulic communication
between aquifers or react chemically in a detrimental way with
the environment.

1.5 The intent of this guide is to provide procedures that
when followed result in a reasonable level of confidence in the
integrity of the decommissioning activity. However, it may not
be possible to verify the integrity of the decommissioning

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.
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procedure. At this time, methods are not available to substan-
tially determine the integrity of the decommissioning activity.

1.6 The values stated in inch-pound units are to be regarded
as the standard. The SI units given in parentheses are for
information only.

1.7 This standard does not purport to address all of the
safety problems, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

1.8 This guide offers an organized collection of information
or a series of options and does not recommend a specific
course of action. This document cannot replace education or
experience and should be used in conjunction with professional
Jjudgment. Not all aspects of this guide may be applicable in all
circumstances. This ASTM standard is not intended to repre-
sent or replace the standard of care by which the adequacy of
a given professional service must be judged, nor should this
document be applied without consideration of a project’s many
unique aspects. The word“ Standard” in the title of this
document means only that the document has been approved
through the ASTM consensus process.

Note 5—If state and local regulations are in effect where the decom-
missioning is to occur, the regulations take precedence over this guide.

2. Referenced Documents

2.1 ASTM Standards: *

C 150 Specification for Portland Cement

D 420 Guide to Site Characterization for Engineering, De-
sign and Construction Purposes

D 4380 Test Method for Density of Bentonitic Slurries

D 5088 Practice for Decontamination of Field Equipment
Used at Nonradioactive Waste Sites

D 5092 Practice for Design and Installation of“Ground
Water Monitoring Wells in Aquifers

3. Terminology

3.1 Definitions of Terms Specific to This Standard:

3.1.1 abandonment—see decommissioping.

3.1.2 attapulgite clay—a chain-lattice,elay mineral. The
term also applies to a group of clay minerals that are light-
weight, tough, matted, and fibrous.

3.1.3 borehole television log—a~borehole or well video
record produced by lowering a‘television camera into the
borehole or well. This record i’ @iseful in visually observing
downhole conditions such as_cellapsed casing or a blocked
screen.

3.1.4 blowout—a sudden, or violent uncontrolled escape of
fluids or gas, or both, frem a borehole.

3.1.5 caliper log—=ageophysical borehole log that shows to
scale the variations with depth in the mean diameter of a cased
or uncased borehole.

2 For refeérenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM=Customer Service at service @astm.org. For Annual Book of ASTM
Standdrdswolume information, refer to the standard’s Document Summary page on
the ASTM,website.

3.1.6 cement, API, Class A—a cement intended for use from
the surface to a depth of 6000 ft (1828 m). This‘¢ement is
similar to ASTM Type I cement.

3.1.7 cement, API, Class B—a cement intended for use from
the surface to a depth of 6000 ft (1828 m)({when conditions
require moderate- to high-sulfate resistancewThis cement is
similar to ASTM Type II cement.

3.1.8 cement, API, Class C—this cement is intended for use
from the surface to a depth of 6000 ft (1828 m) when
conditions require high early strength*This cement is similar to
ASTM Type II cement. Also“available as a high sulfate
resistant type.

3.1.9 cement, API, Class'G—this cement is intended for use
from the surface to a depth of'8000 ft (2438 m). It can be used
with accelerators or retarders to cover a wide range of well
depths and temperatires” No additions other than calcium
sulfate or water, or'beth; can be interground or blended with the
clinker during manufacture of the cement. Also available as
several sulfate-r€sistant types.

3.1.10 centent, API, Class H—this cement is intended for
use from the surface to a depth of 8000 ft (2438 m). It can be
used withtaccelerators or retarders to cover a wide range of
well depth$ and temperatures. No additions other than calcium
sulfate.orwater, or both, can be interground or blended with the
clinker) during manufacture of the cement. Also available as a
sulfate-resistant type.

3.1.11 cement, API, Class J—this cement is intended for use
from depths of 12 000 to 16 000 ft (3658 to 4877 m) under
conditions of extremely high temperatures and pressures. It can
be used with accelerators and retarders to cover a range of well
depths and temperatures. No additions of retarders other than
calcium sulfate, or water, or both, can be interground or
blended with the clinker during manufacture of the cement.

3.1.12 cement bond (sonic) log—a borehole geophysical log
that can be used to determine the effectiveness of a cement seal
of the annular space of a well.

3.1.13 channeling—the process of forming a vertical cavity
resulting from a faulty cement job in the annular space.

3.1.14 curing accelerator—a material added to cement to
decrease the time for curing. Examples are sodium chloride,
calcium sulfate (gypsum), and aluminum powder.

3.1.15 curing retarder—a material added to cement to
increase the time for curing. Sodium chloride in high concen-
trations is an example.

3.1.16 decommissioning (closure)—the engineered closure
of a well, borehole, or other subsurface monitoring device
sealed with plugging materials. Decommissioning also in-
cludes the planning and documenting of all associated activi-
ties. A synonym is abandonment.

3.1.17 decontamination—the process of removing undesir-
able physical or chemical constituents, or both, from equip-
ment to reduce the potential for cross-contamination.

3.1.18 fallback—shrinkage, settlement, or loss of plugging
material placed in a borehole or well.

3.1.19 fire clay—a silicious clay rich in hydrous aluminum
silicates.
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3.1.20 flow log—a borehole geophysical log used to record
vertical movement of ground water and movement of water
into or out of a well or borehole and between formations within
a well.

3.1.21 geophysical borehole log—a log obtained by lower-
ing an instrument into a borehole and continuously recording a
physical property of native or backfill material and contained
fluids. Examples include resistivity, induction, caliper, sonic,
and natural gamma logs.

3.1.22 grout—material consisting of bentonite, cement, or a
cement-bentonite mixture.

3.1.23 grout pipe—a pipe or tube that is used to transport
cement, bentonite, or other plugging materials from the ground
surface to a specified depth in a well or borehole. The material
may be allowed to flow freely or it may be injected under
pressure. The term tremie pipe is frequently used interchange-
ably.

3.1.24 hydraulic communication—the migration of fluids
from one zone to another, with reference to this guide;
especially along a casing, grout plug, or through backfill
materials.

3.1.25 multiple-screened wells—two or more monitoring
wells situated in the same borehole. These devices can be either
individual casing strings and screen set at a specific depth, a
well with screens in more than one zone, or can consist of
devices with screens with tubing or other collecting devices
attached that can collect a discrete sample.

3.1.26 native material—in place geologic (or soil) materials
encountered at a site.

3.1.27 overdrilling—the process of drilling out a well cas¢
ing and any material placed in the annular space.

3.1.28 perforation—a slot or hole made in well casing, to
allow for communication of fluids between the well_and ‘the
annular space.

3.1.29 permanent plugging—a seal that has a hydraulic
conductivity that is equivalent or less than the/hydraulic
conductivity of the geologic formation. This term jis often used
with uncased boreholes.

3.1.30 plow layer—the depth typically reached by a plow or
other commonly used earth turning device/used in agriculture.
This depth is commonly one to two feet/(:3 m to .61 m) below
land surface.

3.1.31 plugging material—a material that has a hydraulic
conductivity equal to or less thansthat of the geologic forma-
tion(s) to be sealed. Typical materials include portland cement
and bentonite.

3.1.32 pre-conditioning—an_"activity conducted prior to
placing plugging materialinto a borehole in order to stabilize
the hole.

3.1.33 temporary decommissioning—the engineered clo-
sure of a well intendedyto be returned to service at some later
date (generally nogmore than six months). Temporary plugging
should not damage, the structural integrity of the well. Plugging
materials consist-of sand, bentonite, or other easily removed
materials.

4. Summary of Guide

4. l=Information is provided on the significance of properly
decommissioning boreholes and wells at sites containing or

formerly containing solid or hazardous waste or hazardous
materials or their byproducts, or that may be affected by solid
or hazardous waste materials or their byproducts in the future.
This guide may be used in situations where water quality in one
aquifer may be detrimental to another aquifef jeither above or
below the aquifer. The primary purpose.ofsdéCommissioning
activities is to permanently decommission’ the borehole or
monitoring device so that the natural migration of ground water
or soil vapor is not significantly influenced. Decommissioned
boreholes and wells should have no/adverse influence on the
local environment than the original geologic setting.

4.2 Tt is important to have{a ‘good understanding of the
geology, hydrogeology, well _construction, historic and future
land use, chemicals encountered, and the regulatory environ-
ment for successful decommissioning to occur.

4.3 Various materials-suitable for decommissioning bore-
holes and wells are (discussed, including their positive and
negative attributes for decommissioning. A generalized proce-
dure is provided that discusses the process from planning
through implementation and documentation. Examples of typi-
cal practices arepprovided in the appendix.

5. Significance and Use

5.1xDécommissioning of boreholes and monitoring wells,
and ,othet devices requires that the specific characteristics of
eachwsite be considered. The wide variety of geological,
biological, and physical conditions, construction practices, and
chemical composition of the surrounding soil, rock, waste, and
ground water precludes the use of a single decommissioning
practice. The procedures discussed in this guide are intended to
aid the geologist or engineer in selecting the tasks required to
plan, choose materials for, and carry out an effective permanent
decommissioning operation. Each individual situation should
be evaluated separately and the appropriate technology applied
to best meet site conditions. Considerations for selection of
appropriate procedures are presented in this guide, but other
considerations based on site specific conditions should also be
taken into account.

Note 6—Ideally, decommissioning should be considered as an integral
part of the design of the monitoring well. Planning at this early stage can
make the decommissioning activity easier to accomplish. See Practice
D 5092 for details on monitoring well construction.

5.2 This guide is intended to provide technical information
and is not intended to supplant statutes or regulations. Ap-
proval of the appropriate regulatory authorities should be an
important consideration during the decommissioning process.

6. Materials

6.1 The materials used for construction of a monitoring well
or other monitoring device to be decommissioned in part
determines how it is decommissioned. Various materials are
available for use in plugging boreholes and monitoring wells.
This section provides information on these materials.

6.2 Casing and Screen Materials:

6.2.1 Various materials are used for well casing and screen.
The most common materials used are: PVC, PTFE, fiberglass,
carbon steel, stainless steel, and aluminum. Typically, the same
material is used for casing and screen in a well, however, in
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some instances different materials may be used in a well to
achieve a particular purpose such as corrosion protection,
reduction of material costs, or improving the integrity of
ground water or soil vapor samples. This guide does not
specifically address the use of more than one type of casing or
screen material used in a well, however, the same decommis-
sioning methods can frequently be used when more than one
material is used (for example, PVC and PTFE, or stainless steel
and carbon steel) in a well.

6.2.2 In selecting a well decommissioning method, PVC,
PTFE, and fiberglass wells can be decommissioned using
similar methods as all three types of materials tend to be low
in tensile strength and easy to drill out or perforate. Appendix
X1 provides a discussion on various procedures that can be
used for the decommissioning of PVC wells and by reference
PTFE and fiberglass wells.

6.2.3 Wells constructed of carbon steel, stainless steel, and
heavy walled aluminum can be decommissioned using similar
methods as these materials tend to have a higher tensile
strength that allows for the casing to be removed. Appendix X1
provides a discussion on various procedures that can be used
for the decommissioning of steel wells and by reference
stainless steel and aluminum wells.

6.3 Plugging Materials:

6.3.1 Plugging materials should be carefully chosen for well
closure to be permanent. Basic material characteristics are
listed as follows:

6.3.1.1 Plugging materials should not react with contami-
nants or adversely react with ground water or geologic mate-
rials.

6.3.1.2 Plugging materials used in decommissioning wells;
borings, etc. should have hydraulic conductivity (saturated
condition) that is comparable to or lower than that of the lowest
hydraulic conductivity of the geologic material being=sealed.

6.3.1.3 Plugging materials must have sufficient structural
strength to withstand pressures expected from native condi-
tions.

6.3.1.4 Plugging materials must maintain_sealing capabili-
ties and not degrade due to chemical interaction, corrosion,
dehydration, or other physical or chemical‘processes. Materials
should maintain their design characteristics for the length of
time contamination is present at the site.

6.3.1.5 Plugging materials should, net be readily susceptible
to cracking or shrinkage, or both|

6.3.1.6 Plugging materials must be capable of being placed
at the position in the well or borehole in which they are needed
and must have properties that teduce their unintended move-
ment vertically and horizontally.

6.3.1.7 Plugging materials must be capable of forming a
tight bond and seal with-well casing and the formation.

6.3.1.8 Plugging materials must have properties that elimi-
nate leaching or €rosion of the material, under the conditions
the material ¢will ) be subjected. These include vertical or
horizontal movement, or both, or contact with ground water or
other existing conditions.

Note 7—The grain size of plugging material used in decommissioning
operations ‘eonducted in areas where thick vadose zones occur should be
coarser than materials used in areas where thin vadose zones or shallow

saturated conditions occur. This is necessary as water is not transported
effectively in coarse-grained materials under negative pore; pressures.
Coarse-grained materials should not be used where saturated conditions
are likely to exist during the period of time that hazardeus*materials can
be expected to occur at the site. It is important to determine the lithology
and grain size distribution of materials adjacent to, the borehole or well
prior to selection of plugging materials.

Note 8—If coarse-grained materials are used to0 decommission the
borehole or well, a layer of fine-grained material (such as cement or
bentonite, or both) 1 or 2 ft (.3 or .61 m) thick should be placed at 10 ft
(3 m) intervals in the borehole in the satiirated zone. This layer should
extend 2 to 3 ft (.61 to .91 m) above theshighest expected level saturation
is expected based on historical infermation on the water table for
unconfined aquifers. A similar thickness of these materials should be used
for confined aquifers. A similag5-ft*¢1.5-m) seal of a low-permeability
material should be placed near the/ground surface to reduce the potential
for entrance of fluids at the ground surface.

6.4 Commonly Used-Materials—Subsections 6.2 and 6.3
introduced the general ¢riteria that must be evaluated during
the process of selécting the appropriate procedure and material
for plugging a specific well. Because well construction and
local geological«€onditions are site specific, a wide variety of
materials andprocedures may be used to complete the closure.

6.4.1 Section 6.4 presents a review of the plugging materials
most commonly used to decommission monitoring wells. Table
1 summadrizes these materials and lists the most important
considerations (positive and negative) for their use. A detailed
discussion of each material is presented in the following
subsections.

6.4.2 Portland Cement—Portland cement may be used in
any of its various forms to meet placement, strength, and
durability criteria listed in 6.1. The amount of shrinkage or
settling of neat cement is dependent on the amount of water
used. Higher water to cement ratios tend to increase shrinkage
.2

6.5 Specification C 150:

6.5.1 Type I—Type 1 cement, a general-purpose material, is
the most commonly used cement. This material has a tendency
to develop a relatively high heat of hydration when used in
confined situations and has relatively low-sulfate resistance.

6.5.2 Type II—Somewhat slower strength development than
Type I, however, Type II cement has moderate heat of
hydration and moderate sulfate resistance.

6.5.3 Type III—Type III cement is used when high early
strength is desired. This material is not commonly used in
decommissioning activities because of its ability to quickly set.
Care must be used in working with this material.

6.5.4 Type IV—Type IV cement is used where a low heat of
hydration is desired. It is not commonly used in decommis-
sioning activities.

6.5.5 Type V—Type V cement has high resistance to sulfate,
and brine solutions. This material has ultimate strength devel-
opment somewhat less than either Types I or II.

6.5.6 Type K cement is expansive and can be used to
compensate for shrinkage. This cement is essentially Type I or
more commonly Type II Portland Cement with additives to
produce expansion. It can be of use in plugging situations

3 The boldface numbers in parentheses refer to a list of references at the end of
the text.
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where water-tightness is important. Type K cement contains
calcium sulfoaluminate. When mixed with water, the hydration
causes an expansion ranging from approximately 0.05 to
0.20 % (2).

6.6 API Cements (3):

6.6.1 Class A—Class A cement corresponds closely to
ASTM Type 1. This cement is intended to be used from the
surface to a depth of 6000 ft (1828 m).

6.6.2 Class B—Class B cement corresponds closely to
ASTM Type II. It is intended for use from the surface to a
depth of 6000 ft (1828 m) and is also available as a high-sulfate
resistant variety.

6.6.3 Class C—Class C cement corresponds closely to
ASTM Type III. It is intended for use from thessurface to a
depth of 6000 ft (1828 m). It is also available as a high-sulfate
resistant variety.

6.6.4 Class G—Class G cement is intended for use from the
surface to a depth of 8000 ft (2438 m) and.can be used with
accelerators or retarders to cover a wide range of depths and
temperatures. The cement is also available as a high-sulfate
resistant variety.

TABLE 1 Properties of Common Plugging Materials

Plugging Material Description

Positive Attributes

Negative Attributes

ASTM C-50 Portland

Most commonly used type of Forms a good seal when used with bentonite High heats ofthydration may be a problem in PVC-cased wells.

Can shrink and crack; low-sulfate resistance. Should not be
usédsif the presence of strong acids or in low-pH
environments.

Somewhat slower strength development than Type |; expensive.
Can shrink and crack. Can be difficult to use. Should not be
used in the presence of strong acids or in low-pH
environments.

Not a common cement. Can set very quickly before
decommissioning is completed. Should not be used in the
presence of strong acids or in low-pH environments.

Not a common cement. Should not be used in the presence of
strong acids or in low-pH environments.

High resistance to sulfate and brine” Low heat Ultimate strength is less than Types | and lll. Expensive; should

not be used in the presence of strong acids or in low-pH
environments. Can be difficult to use. Can shrink or crack.

Can be used fo a depth of 6000 ft (1828 m). High heats of hydration may be a problem in PVC-cased wells.

Can shrink and crack; low-sulfate resistance. Should not be
used in the presence of strong acids or in low-pH
environments.

Somewhat slower strength development than Type I; expensive.
Can shrink and crack. Can be difficult to use. Should not be
used in the presence of strong acids or in low-pH
environments.

Can be used to a depth of 6000 ft (1828 m). Can set very quickly before decommissioning is completed.

Should not be used in the presence of strong acids or in
low-pH environments. Can shrink and crack.

Can be used to a depth of 8000 ft (2438 m). Should not be used in the presence of strong acids or in low-pH

environments. Can shrink and crack.

Can be used to a depth of 8000 ft (2438 m). Should not be used in the presence of strong acids or in low-pH

environments. Can shrink and crack.

Cement
Type |
cement for plugging in 3 to 5 % concentration. Commonly
available and can be purchased premixed
on-site.

Type Il Similar to Type I, but with a ~ Moderate heat of hydration. Moderate

moderate heat of hydration.  resistance to sulfate.

Type Ill High early strength. May prove useful in situations where high
early strength is needed, such as borehole
walls that have a tendency to collapse)

Type IV Low heat of hydration. May prove useful in situations where a low
heat of hydration is required

Type V Similar to Type I, with high

resistance to sulfate and of hydration.
brine.
K Expansive cement. Basically Type | or Type Il Portland Cement
with additions (tricalcium sulfo aluminate for
example) to provide for expansion.
Expansion is geperally in the range from
0.05 to 0.20 % Good resistance to sulfate
attack.
API 10
Class A Similar to ASTM Type |.
Forms a good seal when used with
bentonité in 3 to 5 % concentration.
Commonly available and can be purchased
premixed on-site.
Class B Similar to ASTM Type Il Can be used to depth of 6000 ft (1828 m).
Moderate heat of hydration. Moderate
resistance to sulfate. Available as a high-
sulfate resistant variety.
Class C Similar to ASTM Type IlI.
Class G Useful in a wide range of
temperatures apdydepths Available as a sulfate-resistant variety.
through the usevof
accelerators/or retarders.

Class H Useful in a wide tange of
depths anditemperatures Available only as a moderate sulfate type.
through the use of
accelerators or retarders.

Class J

12 000 to 16 000 ft (3658 to
4877 m).

and pressures occur.

Pozzolanic cement
to ASTM Type V or API
Class A cement.

Epoxy cements, Vinyl ester resins.

cement.

Bentonite

Intended for use from a depth Has use where extremely high temperatures Should not be used in the presence of strong acids or in low-pH

environments. Can shrink and crack.

Addition of silicious materials Good resistance to corrosive conditions and Many types of materials can be used that can result in variable
in reducing the permeability of cement.

results.

Good chemical resistance to acids and bases. Very expensive. Poor chemical resistance to chlorinated
Can use available equipment to place

hydrocarbons and acetic aid. Should be used only by
experienced personnel. Water accelerates curing, must use
diesel oil to precondition hole (diesel may increase
contamination of site if hydrocarbons are a concern).
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TABLE 1

Continued

Plugging Material Description

Positive Attributes

Negative Attributes

Pellets Granular bentonite Uniform in size. Easy to use. Produces a low Must be hydrated after placement. Shrinkage may*eccur when

compressed into a tablet permeability seal. desiccated or when in contact with high coneentrations of
organic compounds (greater than 2 %) or'materials that are
strongly acidic or alkaline. Expensive.

Chips Raw mined montmorillonite in Inexpensive. No mixing equipment required. Difficult to place. Must be hydrated after placement. Less
the form of chunks V4 to % Forms a low-permeability seal. swelling than beneficiated bentonite:"Shrinkage may occur
in. (.64 to 1.91 m) in size. when desiccated when in contact with high concentrations of

organic compounds (greater thah 2'%) or materials that are
strongly acidic or alkaline.

Granular Raw mined montmorillonite ~ Can be placed at depth in dry holes. Forms a Difficult to place in holes containing water as it quickly hydrates.
crushed and seared to an 8  low- permeability seal. Can bridge in hole. May, desictate when in contact with high
to 20-mesh size. concentrations of organic ‘eempounds (greater than 2 %) or

materials that are strongly,acidic or alkaline causing shrinkage.

Powdered Pulverized and seared Used with cement to compensate for May not be a desirable plugging material in deep vadose zones

bentonite that passes a 200-
mesh screen. Used as

to cement. heat of hydration.

High solids clay Powdered bentonite (200

grout mesh) mixed with fresh
water to form a slurry with a
minimum of 20 % solids and
a density of 9.4 Ib/gal (1126
Kg/m® g/L).

as it is hydrated.

shrinkage (under saturated conditions).
Other additives can be used to inhibit
drilling mud or as an additive swelling, etc. Retards cement set; lowers

Does not shrink during curing. Low density
reduces formation losses. Forms a low-
permeability seal that stays flexible as long

due to the drying out’of the material, resulting in cracking.
Difficult to place,in holes containing water, as it quickly
hydrates. Can_bridge in hole. May desiccate when in contact
with high concentrations of organic compounds (greater than
2 %) or materials that are strongly acidic or alkaline causing
shrinkage,

May not'be a desirable plugging material in deep vadose zones
due to the'drying out of the material, resulting in cracking. May
desiceate when in contact with high concentrations of organic
compounds (greater than 2 %) or materials that are strongly
acidic or alkaline causing shrinkage. A low-strength material
subject to expansion under low-pressure differentials such as
artesian conditions.

6.6.5 Class H—Class H cement is intended for use from the
surface to a depth of 8000 ft (2438 m). It can be used with a
wide variety of accelerators and retarders to cover a wide range
of depths and temperatures. It is available only as a moderate-
sulfate resistant type.

6.6.6 Class J—This cement is intended for use from a depth
of 12 000 to 16 000 ft (3658 to 4877 m) where extremely.high
temperatures and pressures can be expected to occur.

6.6.7 Other Cements—Other cements have been developed
that may have applicability in decommissioning aetivities.
These include the following:

6.6.7.1 Ultralight cements with a slurry density that can be
as low as 6 lb/gal (719 cm Kg/L). This material can be made
by foaming the cement with nitrogen or through the addition of
hollow glass microspheres between 60 and'315 um in diameter.
The latter forms a slurry of between 9 and 12 1b/gal (1078 and
1438 Kg/L). Ultralight cements and_microspheres have been
reported (4) for cement unconsolidated.sands and for plugging
cavernous formations and lost cir¢tlation zones. Reference (5)
provided similar information onrmicrospheres. Microspheres
can also be used in high-pressure”applications when it may be
desirable to limit density increéases. Another advantage is the
low water/cement ratio due to the low water absorbency and
low density (5).

6.6.7.2 Pozzolanie=Pertland Cements—These cements con-
sist of silicious materials that develop into a cement in the
presence of lime.and water. Both natural materials of volcanic
origin such 4s ‘perlites (volcanic ashes), heat-treated clays,
shales, tuffs, opaline cherts, diatomaceous earth and artificial
materials consisting of byproducts from glass factories, furnace
slag, and(flyrash have been used (2, 4, 6). The large variety of
materialsithat can be used as a source for pozzolans may result
in variable results.

6.6.7.3 Pozzolans act to extend cement and decrease den-
sity.~The specific gravity of fly ash ranges from 2.3 to 2.7
(depending upon the source) while portland cement is 3.1 to
3.27(2). These materials can also provide improved resistance
to corrosive fluids. Table 2 provides a comparison of sulfate
resistance between ASTM Type V cement with and without
pozzolans.

6.6.7.4 The improved resistance to corrosive materials is
accomplished in part as many pozzolans contain zeolites which
have the ability for ion exchange between the corrosive
material and the alkaline component in the cement (7). Sec-
ondly, the use of pozzolans also decreases cement permeability
over time. This occurs as a result of the increased percentage in
hydrated cement containing materials resulting from the re-
lease of calcium hydroxide and the silica combining with lime
from the cement to form a stable material (8).

6.6.7.5 Pozzolans are added to portland cement by adding
74 1b (33.6 Kg) (as fly ash) per sack of cement. If perlites are
used, 2 to 6 % of bentonite by weight is needed to keep the
perlite from floating (9).

6.6.8 Gypsum cements can be used for high early strength
development and their ability to set rapidly. These cements
expand approximately 0.3 %. This cement may have use in
plugging highly permeable formations. Care should be taken in
using gypsum cements due to the solubility of gypsum.

TABLE 2 Comparison of ASTM Type V Cement With and Without
Pozzolan Materials”

Percentage of

Water Soluble Sulfate (as SO,) in

Relative Degree of Water Samples,

Cement Type

Sulfate Attack  Sulfate (as SO,) in
h ppm
Soil, ppm
\ Severe 0.20 to 2.00 1 500 to 10 000
V (plus pozzolan) Very severe 2.00 or more 10 000 or more

“See Ref (4).
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6.6.9 Epoxy Resin Cements—Epoxy (vinyl ester resins)
cements may have applicability in decommissioning wells and
boreholes where corrosive materials may be present (5).

6.6.9.1 Epoxy cement consists of an epoxy base, hardener,
accelerator, and inert filler. Resin viscosity is reduced by the
addition of a nonreactive liquid diluent that also controls
exothermic heat during polymerization. An inert solid filler
such as very fine silica or barite is added to further reduce
reaction heat and increase strength (10).

6.6.9.2 There are several advantages of using epoxy ce-
ments. Reference (11) reports that a stronger bond occurred
between the casing and the formation. Cole also reported
resistance to various chemicals (see Table 3). The cement is
highly resistant to high concentrations of hydrochloric and
sulfuric acid, but is not suitable for use in environments where
acetic acid, chlorinated hydrocarbons, or toluene are present.

6.6.9.3 This cement is expensive and requires removal of
water (that reduces settling time) through the use of gelled and
weighted diesel oil to precondition the hole. The use of this
material may increase contamination at the site, if diesel oil
(hydrocarbons) are a concern at the site.

6.6.10 Cement Additives—A number of materials can be
added to cement to modify properties to meet a specific need.
Cement additives can be used to extend, accelerate, retard,
increase density, control fluid losses, control circulation losses,
or reduce friction (4). Several of these materials have more
than one use; for example, sodium chloride can be used to
accelerate or retard cement. The most common cement addi-
tives are discussed in the following subsections. Fig. 1 lists
these additives and presents the relative impact of their use on
selected performance criteria.

6.7 Extenders:

6.7.1 Bentonite is the most commonly used material) in
modifying cement properties. It can be added to most ASTM
and API cements. In decommissioning activities, the percent-
age of bentonite added is generally no more than 4 %!/ It has the
following effects when added to cement (4):

6.7.1.1 Lowers the hydraulic conductivity ef the cement;

6.7.1.2 Increases slurry viscosity;

6.7.1.3 Reduces fluid loss to the formation;

6.7.1.4 Provides for a longer pumpability at normal pres-
sures as a result of delaying strength development;

6.7.1.5 Reduces compressive strength; and

6.7.1.6 Lowers resistance to chemical attack.

6.7.2 Bentonite increases shrinkage as it ties up large
volumes of water that would normally be in the cement. A
second common extender are,pozzolans which have already
been addressed in 6.6.7.2,

TABLE 3 List of Chemicals Reported Not to Affect Epoxy

Cement”

€hemical Concentration, %
Hydrochloric acid 30
Sulfuric acid 25
Chromic acid up to 10
Nitric acid 5
Hydroxide up to 20
Hypochlerite up to 6

ASee Ref (11).

6.8 Accelerators:

6.8.1 Accelerators hasten the settling of cement and are
useful when voids occur, or when cement plugs ate to be used
in the first pour. Two common materials arelused; calcium
chloride and sodium chloride.

6.8.2 Calcium chloride is available as*a ‘powder or flake.
Flakes are the most commonly used forn; as it is easy to store
and can absorb some moisture without.becoming lumpy (2).
Two to four % of calcium chloride by-weight is used to achieve
maximum acceleration. The use of-calcium chloride should be
considered when a rapid set, a decrease in viscosity, and early
strength are desired.

6.8.3 Sodium chloride camn;be added between 1.5 to 5 % by
weight of cement to reduce setting time. Maximum accelera-
tion occurs at a concentration of 2 to 2.5 % except when higher
water ratios are used (2).

6.9 Retarders:

6.9.1 Sodium chloride can be used to retard the settling of
cement as well@s.accelerate the setting of cement. Fifteen to
seventeen % salt (14 to 16 Ib (6.35 to 7.26 Kg) of salt per sack)
by weight.is added to retard cement (2).

6.9.2 Other chemicals (cellulose, lignosulfates) have been
used as tetarders, but are not appropriate for decommissioning
activitiesswithout additional information on their compatibility
with waste and their effect on water quality. Reference (12)
indicates that sugar-derived retarders such as cellulose ligno-
sulfates are destructive to cement strength and should not be
used where strength is important. Organic retarders should not
be used for decommissioning activities.

6.10 Density Improvers—The density of cement can be
improved to increase hydrostatic pressure. Sand can be used to
increase density without affecting the cement chemically
although additional water is required. Barite has been used, but
may interact with waste and should not be used.

6.11 Fluid Loss Controllers:

6.11.1 Various organic materials such as cellulose can be
used to produce a constant water to solids ratio that may have
applicability when a grout is placed under pressure and water
loss can occur. However, these materials may not be suitable
for decommissioning activities, as they may contribute to
contamination.

6.11.2 These organic materials (fibrous materials, cello-
phane flakes) act to block the movement of the grout into the
formation. It is not desirable to use these materials in decom-
missioning activities due to their organic content that may
adversely affect water quality and also may not result in a good
plug.

6.12 Friction Reducers (Dispersants):

6.12.1 These materials reduce friction to improve flow and
can be effective when the water cement ratio is reduced.
Reduction of the water cement ratio is a method to decrease
cement friction. (It is possible to reduce the amount of water
added by using a dispersant (5). These materials (sodium
chloride, polymers, and calcium lignosulfonate) also help to
reduce the energy required to pump the grout. Polymers and
calcium lignosulfonate may not be appropriate materials for
decommissioning activity as they may affect water quality.
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Note 1—See'Ref (3).
FIG. 1 Effects of Some Additives on'the Physical Properties of Cement

6.13 Bentonite—Bentonite is predominantly composed of
the clay mineral sodium montmorillonite. It has the ability, to
absorb large quantities of water and swell to many times its
original size when hydrated, and the material remains*flexible.
Bentonite clay may be used in any of its various forms to meet
placement, strength, and sealing criteria listed in 6.3. The
amount of shrinkage or settling of a bentonite seal is dependent
on the percent solids of bentonite, composition-of surrounding
formation and its soil moisture. Higher swater to bentonite
ratios increase the likelihood of dehydration.

6.13.1 The permeability of bentonite is*very low; hydraulic
conductivities of 1 X 107® cm/s _ofAess can be achieved.
However, bentonite may desiccate™in the presence of high
concentrations of some organic ‘chemicals, strong acids or
bases, saline ground water, or‘when allowed to dry, thereby
increasing its hydraulic conductivity. Bentonite is commer-
cially available in the follewing forms:

6.13.1.1 Pellets—Pelletssare made from granular powdered
bentonite that has been compressed into tablets, commonly Y4
to ¥ in. (.64 cm teo” 191 cm ) in diameter. Pellets have a
low-moisture content,”high density, and uniform size. Pellets
should be compesed of additive-free, high-swelling granular
sodium bentohite-Properly placed in a well or borehole, pellets
hydrate and. expand creating a low permeability (1 X 107°
cm/s) plug:“Pellets can be used in the saturated zone provided
the length/of the water column is short. The rate of pour into
the hele should not be more than 50 1b (22.7 Kg) of bentonite
in 5min (1).

6.13.1.2 Preformed Donuts—Commercial preformed do-
nuts consist of compressed bentonite and may have use in
decommissioning activities.

6.13.2 Chips—Raw mined sodium montmorillonite in the
form of chunks that are %4 to % in. (6.4 to 1.91 cm) in diameter.
Their angular shape can make it difficult to place chips to the
desired depth in a small-diameter well or borehole without
bridging.

6.13.2.1 Fine-grained material resulting from the mechani-
cal breakdown during shipping may cause a problem in the
placement of chips due to clumping. Fines should be screened
through a Y4-in. (6.4-mm) mesh screen before use.

6.13.2.2 The lower affinity for water that chips have allow
them to fall through a water column without rapid hydration.

6.13.2.3 Chips have applicability in large-diameter bore-
holes and when carefully dropped into the hole to reduce
bridging.

6.13.3 Granular—Raw-mined sodium montmorillonite
without any additives that has been crushed and seared to an 8
to 20-mesh size. This material can be placed at depth in dry
holes but hydrates quickly when placed into water. It often
sticks to wet borehole walls and bridges when placed through
water. Granular material is best suited for use in the unsatur-
ated zone with enough water added to provide adequate
hydration.

6.13.3.1 Fines can clump when in contact with water (1).
Fines result from mechanical breakdown of the material during
shipping. Granular bentonite should be poured slowly to
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reduce the potential for bridging. In some situations, a pour rate
not exceeding 50 lb (227 Kg) in 5 min has been used
successfully (1).

6.13.4 Powdered—Untreated, seared, and ground bentonite
that passes through a 200-mesh screen. It is designed to be used
in drilling fluids (muds) and as an additive to other plugging
materials such as cement. Bentonite powder slurry can become
an effective grout material when combined with density-
increasing additives and swelling inhibitors. Powdered bento-
nite should not be placed in dry form through water as it can
bridge and stick to the borehole walls.

6.13.5 High Solids Clay Grout—This material is a blend of
powdered polymer-free bentonite clays mixed with fresh water
that forms a slurry with a minimum 20 % solids by weight and
a density of 9.4 Ib/gal (1126m’ Kg/L). The slurry sets to a
low-permeable plastic grout that generates no heat of hydration
and does not shrink during curing in the presence of moisture.
High solids clay grouts are commonly used for borehole
plugging.

6.14 Other Materials:

6.14.1 A number of other materials have been used for
plugging:

6.14.1.1 Attapulgite clay (may have applicability when used
with a salt cement grout),*

6.14.1.2 Fire clay,

6.14.1.3 Commercial packing materials, and

6.14.1.4 Packers.

6.14.2 These materials are either inappropriate for use in
decommissioning wells or boreholes where hazardous waste
are encountered, or are not well studied for decommissioning
wells in hazardous waste situations. Therefore, they are, not
discussed in this guide.

6.14.3 Other materials have been used in the past“for
plugging wells and boreholes. Such materials as weoden or
lead plugs should not be used because wood plugs may decay
and lead is a potentially hazardous material. ;Mechanical
packers composed of steel, plastic, or other materials can be
used to assist in plugging.

7. Procedure

7.1 The primary purpose of most boreholes and monitoring
wells is to monitor chemical compounds in the soil and ground
water; however, there are other uses for subsurface monitoring
including the measurement of temiperature, soil gas sampling,
or measurement of geophysical.parameters. Use significant
care in planning and implementing the decommissioning
activity. It is important togobtain any required approvals from
regulatory agencies, land'owners, responsible parties, and other
parties involved with the site. The following subsections
present a recommended list of tasks in order that the decom-
missioning activity is successfully completed. Several of the
steps outlined belew do not pertain to boreholes and may be
omitted.

7.2 Planning:

4Sutton, Fred, Personal Communication, 1990.

7.2.1 Records Review—Carefully review all available
records and information relating to use of the monitoring well,
borehole, etc. This review may include the following informa-
tion:

7.2.1.1 Review applicable Federal, state, and. local regula-
tions relating to decommissioning activities.<Ihis may include
contacting the applicable state or local agency having jurisdic-
tion over drilling activities and preparation of the necessary
documentation to drill (start card),

7.2.1.2 Collection of drillers’ logs, 'geophysical logs, well
construction, or geologic logs, including stratigraphy, struc-
tural geology, subsurface infermation, construction materials,
screened interval, depth, hydraulic gradients (if water levels are
available from other wells for/its determination), legal location,
date of installation, and ‘photographs of the well,

7.2.1.3 Review of analytical chemical data for soil and
ground water over th¢ life of the well, and variations in water
levels over time,

7.2.1.4 Review of'records of the repairs, modifications, or
other changes made to the well during the lifetime of the well,

7.2.1.5 Evaluation of historic, current, and planned land use,

7.2.1.6 ‘Interviews with local workers and collection of other
pertinent_data such as discussing site conditions with local
drillets, ‘and

7.2:1.7 While not directly part of the decommissioning
activity, proper disposal of displaced fluids and other materials
(such as pulled or drilled out casing and cement seals) should
be-considered. Some of these materials may be classified as a
hazardous waste under Federal, state, or local regulations.
Conduct a review of these regulations and appropriate analyti-
cal documentation prior to classifying a material as a hazardous
waste.

Note 9—This information may be summarized in a work plan. A work
plan would also include a description of the site geology and hydrogeol-
ogy and the decommissioning method to be used.

7.2.2 Verification of Field Data—The variety and quality of
field practices and reporting require that the well be inspected
to verify the actual field situation prior to decommissioning the
well. The following list of procedures is recommended so that
the actual condition of the well is known. Some of the borehole
geophysical logs may not be applicable or may not be available
for small diameter (2 in. (5.08 cm) or less) holes or wells.

7.2.2.1 Inspection of well head installation for integrity,

7.2.2.2 Current depth measurement of the casing and well.
(The original depth of the borehole may be different than the
well.),

7.2.2.3 Water Quality Sampling and Analysis—A final water
quality sample taken from the well may be required for
regulatory purposes;

7.2.2.4 Downhole Inspections—Including caliper logs to
measure inside diameter; television logs to determine in-well
conditions such as casing breaks, screen size, etc.; gamma logs
to verify geologic information, if not already available; cement
bond logs (sonic) to determine if the casing is firmly attached
to grout (presently available for holes 2'2 in. (6.35 cm ) or
larger in diameter); flow logs (flow meter or spinners) to
determine if vertical flow occurs within the casing; and
hydraulic integrity test to determine if the well casing is intact.
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Note 10—Care should be taken in running any of these tools in a well
with a collapsed or broken casing, or in boreholes that may collapse on the
tool. Tools with active radioactive sources should not be used under these
circumstances. Conduct downhole inspections only after obstructions are
removed from the well casing or borehole.

7.2.2.5 Contact local owner, resident operator/observer to
verify operations at the site.

7.2.2.6 Verification of field data is an ongoing responsibility.
Use verified information to modify plans in order that the
decommissioning activity is correctly conducted. Continue this
activity during the field phase and change specifications as
needed.

7.2.3 Review of Decommissioning Options—After the
records have been thoroughly reviewed and verified in the
field, select an appropriate decommissioning procedure. Evalu-
ate each possible option to determine the most appropriate
method for the selection. The following list of evaluation
criteria is recommended:

7.2.3.1 The potential for fluid movement from one aquifer
into another by means of the borehole or well should be
eliminated.

7.2.3.2 Materials to be used in plugging must be compatible
with well casing and screen (if left in place), and with
subsurface formation and ground water, etc. over the period of
time hazardous materials are found at these sites.

7.2.3.3 Future land use (as is known at the time of decom-
missioning) should be compatible with decommissioning
plans.

7.2.3.4 Closure options should be compatible with appli-
cable federal, state, and local requirements.

7.3 Implementation:

7.3.1 Field Procedure:

7.3.1.1 Satisfactory completion of decommissioning s\the
primary purpose of this guide. All work performed “on”the
borehole or well should be completed by competently.trained
drillers, equipped with appropriate tools, under the direction of
a geological or engineering professional who isqualified to
certify that the decommissioning is completed according to the
planned procedures and is consistent with,applicable regula-
tions.

7.3.1.2 Approve any modifications testhe proposed work
plan and record in writing by the on-site*geologist or engineer
(or their representatives) prior to implementation.

7.3.1.3 The geologist or engineersshould be on-site during
the field activities to verify that the activities are completed as
planned. Decommissioning opérations can be successfully
accomplished by careful plapning and documentation (see 7.5).
Maintain documentation ofi\decommissioning activities for the
post-closure period or.period required by regulations (if
specified). While regulations may require documentation for a
period of 30 years, it"is advisable to continue this activity for
a period lasting as Jlong as hazardous materials occur at the site.

7.3.1.4 Remowve easing from the ground by either pulling or
overdrilling (see«7.3.7). Depending upon construction, it may
be necessany: to leave the casing in place and produce suitable
perforations.in” the screen and blank casing to allow for the
plugging‘material to penetrate the annular space and formation
(see #+3.9). If grout in the annular space can be verified to be
in good condition, the well can be decommissioned by cutting

10

the blank casing and filling the screened interval with_grout.
Verifying the integrity of grout may be difficult te_impossible.
If a filter pack is present, it may be necessary td _rémove the
filter pack after perforating the casing by washifnig'er overdrill-
ing. Several of the methods identified in thishsubsection are
briefly discussed in the Appendix X1.

7.3.1.5 If well construction conditions” are not adequately
known and the well site contains hazardous materials, it may
not be appropriate to remove the casing.and screen, as this may
increase the mobility of hazardous materials.

7.3.1.6 The borehole or well,“or both, may require pre-
conditioning for decommisSioning to be successful. Pre-
conditioning can reduce the.potential for sloughing of the
borehole wall if for example, a sodium montmorillonite clay
occurs naturally in the formation and cement is used as the
plugging material. The ‘calcium contained in Portland cement
exchanges with the sodium cation in bentonite clay decreasing
the water contained’ i the clay and inducing sloughing. This
problem can be significant in sediments or rocks that are under
considerable pressure, causing a loss in part of the hole,
thereby not completely plugging the borehole and possibly
causing loss.of all downhole equipment. These conditions are
usually known by local drilling and well servicing contractors
who should be contacted prior to the start of field operations.

7.3.157 Preconditioning consists of removing mud from
borehole walls (when mud is used for drilling the borehole), or
stabilizing a borehole prior to placement of the plugging
material. If a drilling mud has been used to drill a borehole,
preconditioning can involve the circulation of a high-quality,
low-solids drilling fluid to remove gelled mud from the
borehole and borehole walls prior to plugging. For the above
situation, a high-quality bentonite or drilling fluid can be used.
If a drilling mud is used as the plugging material, prepare fresh
mud. The mud used in drilling contains cuttings and may also
not have suitable properties (13). The selection and use of
material(s) should meet the requirements specified in Section
6.

7.3.2 Volume of Plugging Material Required:

7.3.2.1 The geologist or engineer should calculate the vol-
ume of plugging material required for the borehole or well after
first taking into consideration applicable loss of material to the
formation, voids intersecting the borehole, changes in borehole
diameter, washout zones, and swelling or shrinkage of mate-
rial. An approximation of the volume of material that may be
required can frequently be provided by contacting local drillers
or professionals.

7.3.2.2 Loss of plugging material into the formation may
occur rapidly (within minutes) or after several hours or days.
The volume of plugging material required to be on-site should
be at a minimum, enough to fill one borehole volume, however,
it is advisable to have available a minimum of 25 to 50 % in
excess of the calculated borehole volume (1, 2). Additional
plugging material should be readily available to site personnel
under short notice, especially if it is common to lose plugging
material into the formation or the material is required for
clearing a hole (see 7.3.8.2).

7.3.2.3 A caliper log is helpful in boreholes or overdrilled
holes to define hole diameter. If this information is not
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available, use an estimate of borehole diameter from the
available well construction specifications. Calculate the vol-
ume of the borehole using the following:

v=mrL (1)
where:
v = volume,
L = length of borehole or well to be plugged, and

radius of hole.

7.3.2.4 Manuals listing the volume of a hole per linear foot
(metre) such as Ref (3) can also be used. These manuals are
available through major deep well cementing service compa-
nies. Assume in the calculations or table used that the derived
volume is the minimum required for actual conditions due to
possible loss of plugging material into the formation. Verify
grout emplaced through estimating the volume of material
leaving the hole for holes filled with mud or water. For all
boreholes, measure the volume of material emplaced and check
for the appearance of the material at the top of the interval
grouted or land’s surface, whichever is applicable.

7.3.2.5 Location of the grout at depth can be difficult
because the top of the grout may not be able to be distinguished
from water or other fluids in the borehole. One field procedure
that has been applied to measure the level of the grout is to use
a wooden sounding block with a weight attached to the block.
The weight should be slightly denser than the grout.

r =

Note 11—Location of the depth of plugging material in a borehole or
well does not confirm that the plug has performed its intended purpose.
Plugging materials may not have adhered to the walls of the borehole or
well or may have been bypassed from the target zone. Therefore,
placement of plugging materials is highly dependent upon proper prepa-
ration of the hole.

7.3.2.6 In areas where coarse materials are encountered, or
considerable fracturing or solution openings occur, two.Qr three
times the calculated volume of material may be required to fill
the hole. In extreme cases such as in some karst terrains where
large conduits may exist, it may be difficult to plug a well or
borehole. In these situations, packers can.be.used to isolate
critical intervals for filling with plugged /materials above or
below the karstic formations. Packers ;may also be used to
isolate critical intervals within a well or-borehole throughout
the entire depth.

7.3.3 Quality of Water Used for.Grout—Grout must be
carefully mixed using water of a known chemical quality. The
quality of the water must be ‘¢ompatible with the grouting
material and not introduce contamination into the subsurface.
For cement, water used should be free of silt, organic matter,
alkali compounds, and hdve,a total solids content of 500 mg/L
or less (14). The grout should be weighed using a mud balance.

Note 12—Thicker grout’ mixtures may have greater effectiveness in
plugging highly permeable materials or materials with large voids, but
may be very difficultto"pump through a grout pipe. Less viscous mixtures
are easy to pumpybut-may be too mobile, have greater shrinkage, and take
longer to set if additives to compensate these problems are not added.

7.3.4 Mixing of Cement and Bentonite On-Site—Both ce-
ment and bentonite can be mixed on site. Cement can also be
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purchased from a contractor and delivered premixed on site,
provided the water used is of known and acceptable/quality.

7.3.5 Use of Curing Accelerators—Curing accelerators can
be used to hasten the initial set time for cement, from 6 to 8 h
to perhaps 2 or 3 h, provided the accelerator (typically calcium
chloride, sodium chloride, aluminum powder;'or gypsum) does
not degrade the cement or react with the €nvironment. The use
of these materials may also require approval by regulatory
authorities.

7.3.6 Decommissioning of Borehales:

7.3.6.1 To achieve an effectivessé€al, the borehole should be
free of debris and foreign matter that may restrict the adhesion
of the plugging materials to'the borehole wall. Clear boreholes
of excessive mud filtercake, or gelled mud (if used) and any
bridges resulting fromthe removal of temporary casing, or
when noncohesive matetials (such as sand and gravel) are
encountered that/can *lead to a collapsed borehole during
decommissioning aetivities.

7.3.6.2 One method commonly used for effective removal
of these materials is to advance a small grout pipe to the bottom
of the botrehole by use of water or a high-quality bentonite
slurry and. flush the hole. Flushing is continued until the
blockage/is removed, or noncohesive formations are stabilized.
Use atJeast two borehole volume of materials. If the flushing
fluid. returning to the surface contains potentially hazardous
materials, it may be necessary to place this material into
containers for proper disposal.

7.3.6.3 As soon as the borehole is prepared, pump plugging
material slowly through a grout pipe to displace the flushing
fluid. Inject grout starting from the bottom of the hole, forcing
other fluids upward. Complete grouting slowly to prevent
channeling of the grout around any undesirable material
remaining in the hole. Complete this operation in one continu-
ous operation. Raise the grout pipe when pumping pressure
increases significantly, or when undiluted grout reaches the
surface. Regularly sample and evaluate overflowing grout for
weight, presence of foreign material, or other changes. When
the overflowing grout is similar to that being pumped down the
hole, the plugging is considered complete.

7.3.6.4 Grout pipes should be the largest diameter that is
practical for field operations to reduce the required pumping
pressure. Cut the lower end of the pipe at an angle to allow for
the side discharge of the grout. Side discharge reduces the
potential for erosion of the borehole wall. Typically, heavy-
walled PVC (Schedule 40 or greater) or thin-walled steel pipe
is used for grouting purposes. Use caution while grouting
deeper holes in order that downhole pressure does not exceed
the rupture strength of the grout pipe.

7.3.6.5 Grouting of shallow auger holes or other boreholes
where grout pumping equipment is not readily available may
be accomplished by placing grout through a side discharge
grout pipe that has a funnel attached to the top. As the grouting
progresses, slowly raise the pipe. Take care when using this
procedure, as the low placement pressure may not completely
fill or flush undesirable materials from the borehole. This
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procedure is only recommended when the entire borehole
depth is 10 to 15 ft (3 to 4.6 m) or less.

7.3.6.6 Small diameter (<2-in. (5.08 cm-mm)) holes are
difficult to plug. A small diameter (¥-in. (1.9 cm-mm)) grout
pipe can be used, however, high-pumping pressures may be
required or less viscous plugging materials may be necessary.

Note 13—It is important to avoid hydrofracturing or blowout in
shallow holes in unconsolidated materials when pressure grouting. A
general rule to avoid hydrofracturing is to restrict pumping pressure to
about 0.6 1b/in.2(0.42 Kg/cmz) of hydraulic pressure for each foot (metre)
of overburden. In some instances, the pressure used must be reduced
further.

7.3.6.7 A conservative method (15) of calculating maximum
pressure is as follows:

Pm = (0.733 — 0.433 Sg)d 2)

Pm = pre;sure of fluid injected at wellhead, 1b/in.*( Kg/
cm”),
Sg = density (specific gravity) of the plugging material
(grout) (unitless), and
d = depth measured for the surface to the opening of the
grout pipe (metres) feet.
Hydrofracturing typically occurs during start-up or restart of
grouting.
7.3.6.8 Inject grout at the bottom of the hole, displacing
grout, loose formation materials, and borehole fluids upward.
Slowly pump grout to avoid channeling. Do this in one
continuous operation. Raise the grout pipe when grout can no
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longer be easily forced from the pipe into the hole ‘or when
undiluted grout reaches the top of the hole and ‘flows out.
Sample and weigh this material. The weight of jthe grout
returning to the surface should be the samé as the grout
pumped into the hole.

7.3.7 Control of Elevated Formation Pressures—
Occasionally, a borehole or well may penétrate a formation that
is under confined conditions (artesian/head), or from which a
gas is being released, under pressure. (Gas bubbling upward
through the grout may result in open‘channels, or increase the
permeability of the grout.) Whehuthis condition is encountered,
sealing of the borehole requires, that the grout pressure be
maintained greater than thewformation pressure until initial
grout set occurs. The “shut-in-pressure” of the formation can
usually be determined by use of pressure gages attached to a
casing that has been pushed or driven into the confining unit.
This casing must be tightly sealed to prevent leakage around its
annulus. (Separateipackers or casing grout, or both, may be
required to prevent leakage around the casing.)

7.3.7.1 Several” procedures may be used to balance the
formation, pressure until the initial set of the grout has
occurred. ((See Fig. 2.) The procedure most often used to
contain (he, pressure is to use a sufficient column of grout. If
additional head pressure is required, increase the unit weight of
the grout by the addition of sand, densifying additives (barite,
or hematite) or decreasing the water cement ratio. Another
alternative commonly used is to pump the grout through a
check valve into the casing until the top of grout reaches the
desired elevation. Maintain pressure above the grout by use of
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FIG. 2 Two Procedures That Can Be Used to Overcome Elevated Formation Pressure
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compressed air, or by use of a simple standpipe filled with
water. If the standpipe procedure is used, pump grout through
a tremie pipe extending through the water to prevent dilution.

7.3.7.2 After the initial grout set has occurred (minimum 24
h), the sustaining pressure (above atmospheric pressure) may
be released. However, record the air pressure (or fluid level) in
the air filled casing above the grout frequently for several days
to verify that no leakage is occurring. If gas (of any variety) is
present in the formation, analyze a sample of the air from the
casing above the grout. Care should be taken under these
conditions, as explosive or hazardous conditions may be
present. Methane, the most commonly produced gas, is odor-
less, colorless, toxic, and extremely flammable. Safety precau-
tions are advised.

7.3.7.3 Only after testing results confirm that the seal is
effective, is it advisable to complete the permanent closure or
removal of the near (or above) surface casing.

7.3.7.4 Measure any fallback or settlement of the grout
surface (whether by gravity or under pressure) that occurs after
grout emplacement to the nearest foot and record. Correct any
fallback with native or imported materials to grade, or to a
specified depth below grade, such as below the plow layer. The
depth is based on existing and proposed land use and regula-
tory requirements.

7.3.8 Decommissioning of Wells and Other Monitoring
Devices:

7.3.8.1 This discussion has applicability in decommission-
ing ground water monitoring and injection wells and soil gas
monitoring wells, neutron probe access tubes, lysimeter and
tensiometer and installations, and similar devices. Appendix
X1 should be consulted for additional information.

7.3.8.2 It is desirable to remove all existing well censtruc-
tion materials such as screen, casing, filter pack, seal;-and grout
from the hole to reduce the potential for the formation of a
vertical conduit to occur at the contact between /asing and
annular seal; reduce the potential of these materials interfering
with the decommissioning operation; decrease ‘the potential of
a reaction between the materials used; or“to ‘minimize the
reaction with the native materials or groundwwater. In situations
where well materials are removed and) borehole collapse
occurs, redrill the borehole followingsthe guidance provided in
7.3.6.

7.3.8.3 Steel casing may be removed using jacks to free
casing from the hole followed by/lifting the casing out by using
a drill rig, backhoe, cranes, etcr of sufficient capacity. If the
annular space has been cemented over a long distance, this
method may not be readily.used unless a poor contact occurs
between the casing andyborehole. Small lengths of cement
(typically less than 1O ft(3 m)) can be removed along with the
casing if the drill rig-has sufficient lifting capacity. When the
casing cannot be,removed, perforate the casing and screen
using a suitdble.tool. This is necessary as encrustation or
corrosion of the screen can block or completely close openings.
A wide variety of commercial equipment is available for
perforating Jcasings and screens. Due to the diversity of
applieation, consult an experienced contractor prior to selec-
tionef the technique. A minimum of four rows of perforations
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several inches (millimetres) long and a minimum“of five
perforations per linear foot (metre) of casing «or Screen is
recommended.

7.3.8.4 Remove steel casing by overdrilling( (0verreaming)
the casing. Overreaming can be done using”an overreaming
tool (see Fig. 3). Select a pilot bit that is.nearly the same size
as the inside diameter of the casing. The'r€aming bit should be
slightly larger than the borehole diameter to remove all well
construction materials and a small ameunt of native material.
As drilling proceeds, the casing, grout, bentonite seal, filter
pack, and other well materials are destroyed and returned to the
surface. In situations when thedgrout in the annular space can
be verified to be in good condition, it may be very difficult to
remove casing and grout and grout can be left in place by
pressure grouting the screened interval and casing. Verifying
the integrity of the grout/can be difficult.

7.3.8.5 PVC and other low tensile strength materials gener-
ally cannot be removed by pulling if they have been properly
cemented into placexOverdrilling is necessary to remove these
casing and screemmaterials.

7.3.8.6 A hollow stem auger equipped with outward facing
carbide cutting teeth with a diameter 2 to 4 in. (50.8 to 1016
cm) largerithan the casing may be used for overdrilling. Place
the lead auger over the casing and rotate downward (see Fig.
4). The ‘easing guides the cutting head and remains inside the
auger. When the full diameter and length of the well has been
penetrated, the casing and screen can be retrieved from the
center of the auger. It is important to use outward facing cutting

Reomer

Mud/Grout Port

Pilot Bit

—-— Grout

Crillable Cesing




ALy

i’

° %79
S0\

Y
ANy

ORI

Mg

¥

Q

Drillable Casing
FIG. 4 Over Drilling by Hollow Stem Auger Procedure

teeth in order that the cutting tool does not sever the casing and
drift off center. An alternative is to install a steel guide pipe
inside the well casing so that the augers can be centered.”
Firmly attach this temporary working pipe to the inside of: the
casing by use of a packer, or other type of expansion or friction
device. When the auger reaches full depth and the “well
materials have been removed, pump plugging materials
through the hollow stem as the augers are withdrawn.

Note 14—Local regulations may allow leaving the PVC casing in
place, if a good annular seal exists, or just removing blank casing if the
integrity of the annular seal can be documented. It'is generally difficult to
document a good annular seal (tight fit, no fracturé€s.or channels) without
the use of a cement bond log or similar method. A.Cement bond log cannot
be run in small diameter wells (less than 2.5 in. (6.35 cm) in diameter)
because a small diameter tool is not currently available. Also, this method
is not reliable for PVC casings.

7.3.8.7 After removal of the ecasing, decommissioning can
be completed in accordance with 7.3.6.

Note 15—Wells with a maximtm, depth of 10 to 15 ft (3 to 4.6 m) can
be removed by overdrilling, orgwhen possible by pulling the casing out of
the ground. The open hole fissthen filled with grout or other suitable
plugging materials. A tamping rod can be used to tamp the material into
place.

7.4 Decontamination of Downhole Equipment:

7.4.1 If hazardous waste or other contaminants occur at the
site, decontaminate all tools placed into the borehole or well
prior to entry (see Practice D 5088). Follow state and local
regulations;«if ‘applicable. A hot water pressure wash or steam

> Baker; Robert, Personal Communication, Layne Environmental, 1990.
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cleaning are examples of two typical decontamination_meth-
ods. Other methods such as the use of solvents.followed by
rinsing with clean tap water and allowing equipmentito air dry
may also be acceptable. Also contain water and./other materials
used for decontamination for chemical analysis.to determine
proper disposal methods.

7.4.2 Do not flush grout pipes out with water while in or
above the hole. Conduct all cleaning operations aboveground
and manage appropriately as a hazardous or nonhazardous
situation depending upon chemical ‘analytical data on the site.

7.5 Documentation:

7.5.1 Inspection Records—The primary purpose of records
of field work is to provide that appropriate measures have been
taken so that the borehole or monitoring well is permanently
decommissioned in a manner that minimizes it from being a
conduit for fluid, water{.or vapor migration. Properly decom-
missioned boreholes @nd wells should have no adverse influ-
ence on the local egnyironment than the original geological
setting.

7.5.2 NarrativeyReport—Maintain the narrative report of
activities as (a‘yjpermanent record of the decommissioning
activities and include the full set of field activities including:

7.5.2.1 "Decommissioning date,

7.5.2% Personnel (with listing of company representation,
including’ phone number and address),

7!5.2.3 Source of decommissioning method,

7.5.2.4 Step-by-step procedures used in the field,

7.5.2.5 Record of all measurements made, depths encoun-
tered, types and volume of fluids pumped and photographs
before and after, and

7.5.2.6 All other pertinent information that is required based
on site conditions or regulatory requirements. Any problems
encountered should also be documented in detail.

8. Report

8.1 At the completion of field work, present a formal report
to document the entire procedure used in the decommissioning
process for the borehole or well. Additional information or
requirements may be specified in government regulations and
should also be included in this report. Report in detail the
following items as a minimum:

8.1.1 Background Information:

8.1.1.1 Location of the borehole/well,

8.1.1.2 Purpose of the borehole/well,

8.1.1.3 History of the borehole/well,

8.1.1.4 Chemical parameters and concentrations present
during the active life of the well and at the time of plugging;
and

8.1.1.5 Information collected prior to the inspection record.

8.1.2 Testing Prior to Decommissioning:

8.1.2.1 Site characterization (if applicable),

8.1.2.2 Physical testing (depth, structural condition, etc.),

8.1.2.3 Chemical testing results (last chemical analysis for
record), and

8.1.2.4 Geophysical logging results (if any).

8.1.3 Decommissioning Design Procedure:

8.1.3.1 Rationale for selection of method used, and

8.1.3.2 Presentation of a decommissioning plan.

8.1.4 Field Implementation:
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8.1.4.1 Description of activities,

8.1.4.2 Variance from plan, and

8.1.4.3 Result of testing and measurements.

8.1.5 Confirmation—Statement of regulatory compliance.

9. Keywords

9.1 abandonment; decommissioning; ground water-monitor-
ing wells; hazardous waste; plugging

APPENDIX

(Nonmandatory Information)

X1. EXAMPLES OF SUCCESSFUL MONITORING WELL DECOMMISSIONING-PRACTICES

X1.1 This appendix covers a general discussion of field
procedures that have been used to decommission monitoring
wells. These procedures are presented to provide technical
guidance to assist in the development of decommissioning
wells or boreholes. Local regulations may not allow implemen-
tation of some procedures. Two subsets of procedures are
outlined, one for rigid steel casing and the second for lower
tensile strength casing materials (plastic).

X1.2 Steel Casing:

X1.2.1 Condition—Properly grouted steel casing and
screen, difficult to pull casing:

X1.2.1.1 Suggestion—Pressure pump plugging materials
into well to above aquifer, place 3-ft (.91-mm) plug of plastic
material (bentonite plug) above rigid plug then complete with
rigid plugging material to surface. Place a PVC or neoprene
plug or packer, located at the base of the rigid (cement)
material to reduce the co-mingling of fluids due to different
specific gravities. Complete decommissioning at surface;ac-
cording to local regulations.

X1.2.1.2 Alternative—Perforate steel casing and screen to
allow plugging material to come into contact with thesannular
space and formation.

X1.2.1.3 Advantage—If (when) casing material corrodes,
the continually plastic bentonite plug will continue to provide
a suitable sealing zone.

X1.2.2 Condition—Steel well materialsysthat are removable:

X1.2.2.1 Suggestion—Pull screen and-casing, then redrill
borehole to original depth using slightly~larger diameter drill
bit than the borehole. Complete closute by pressure sealing the
borehole by grout pipe from bottonmsto top.

X1.2.2.2 Advantage—Casing “and annular materials are
completely removed and replaced with sealing material of
equal or lower permeability-(saturated zone) than the native
geologic materials.

X1.2.3 Condition—SHhallow screened well completed into
permeable sand or gravel aquifer:

X1.2.3.1 Suggestion—Pull the casing and screen (grout
also, if possible) then"redrill the borehole to original depth.
Completion should+be by pressure sealing to the surface.

X1.2.3.2 Adyantage—The possibility of hydraulic connec-
tions with,the suiface is greatly reduced.

X1.2.4 Cendition—Steel casing and screen set into highly
permeable/formation (such as fractured limestone) that results
in lost, fluid circulation during drilling or decommissioning
procedures:
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X1.2.4.1 Suggestion—Fill'highly permeable section with
quick setting cement grout (addition of calcium chloride), or
coarse gravel to base of casing, or hang “cement basket” at
base of casing. Complete decommissioning with plugging
materials pumped dnto(place, including at least one section of
permanent plastic seal’

X1.2.4.2 Advantage—Extremely permeable or highly cav-
ernous materials=may not be able to be filled sufficiently to
allow closure sumilar to other cases. In such situations, preven-
tion of vertical migration of fluids to or from that zone is the
primary/purpose of decommissioning.

X423~ Low-Tensile Strength Materials (that is, PVC, ABS,
PTFE):

X1.3.1 Condition—Properly constructed well that has a
sealed annulus from the surface to the top of screen:

X1.3.1.1 Suggestions—Pressure grout in place after perfo-
rating the entire casing so that the screen and gravel pack are
filled with grout; or over-ream the well using a drill bit
diameter that is a minimum or slightly larger than the diameter
of the annular space.

X1.3.2 Condition—Annulus is not permanently sealed and
casing/screen cannot be pulled:

X1.3.2.1 Suggestion—Overdrill casing, screen and filter
pack with a hollow stemmed auger or other suitable drilling
method. Remove casing from bottom to top as augers are
removed.

X1.3.2.2 Advantage—Complete well structure is removed.
Grouting materials provide no avenue of fluid or gas migration
after decommissioning.

X1.3.3 Condition—Annulus seal questionable; casing
screen cannot be pulled:

X1.3.3.1 Suggestion—Use rotary tools equipped with pilot
bit. Large portion of bit must be equal to or larger than
diameter of original borehole. Drill out casing, annular mate-
rial, to depth of well. Pressure seal after tools are removed.

X1.3.3.2 Advantage—Complete well structure is removed.
Grouting materials do not provide pathways for fluid or gas
migration after decommissioning.

X1.3.4 Condition—Annulus seal questionable, casing and
screen may be pulled from firm clay soils:

X1.3.4.1 Suggestion—Use pulling rig equipped with down
hole casing latch tool. Anchor tool at bottom of well and lift
casing and screen. Pressure grout open hole from bottom to
top. (This method may have applicability for shallow wells.)
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X1.3.4.2 Advantage—This method is often possible in firm
clay soils. Requires less expensive equipment than other
procedures.

X1.3.5 Condition—Vadose zone monitoring devices such as
lysimeters, tensiometers, neutron access holes, and similar
devices installed vertically:

D 5299 — 99 (2005)

X1.3.5.1 Suggestion—Drill out the device and backfill as
suggested in 7.3.8.5 and 7.3.8.6. (See also Note 15 in/the text.)

X1.3.5.2 Advantage—The device and materials> used to
construct the device are removed reducing the ‘potential for
fluid movement from the surface to underlyihg,materials and
ground water.
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