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Standard Guide for

Use of Hollow-Stem Augers for Geoenvironmental
Exploration and the Installation of Subsurface Water-Quality
Monitoring Devices

This standard is issued under the fixed designation D 5784; 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 year of last reapproval. A
superscript epsilonejf indicates an editorial change since the last revision or reapproval.

1. Scope D 1586 Test Method for Penetration Test and Split-Barrel

1.1 This guide covers how hollow-stem auger-drilling sys- _ Sampling of Soil$ _ _
tems may be used for geoenvironmental exploration and D 1587 Test Method for Thin-Walled Tube Sampling of
installation of subsurface water-quality monitoring devices. Soils’ _ - _

1.2 Hollow-stem auger drilling for geoenvironmental explo- D 2113 Test Method for Diamond Core Drilling for Site
ration and monitoring device installations often involves safety _Investigatios I , ,
planning, administration, and documentation. This guide does D 2487 Test Method for Classification of Soils for Engi-
not purport to specifically address exploration and site safety. _Neering Purposés o o _

D 2488 Practice for Description and ldentification of Soils

.NOTE 1—This guide d_oes not include c_onsiderations for geotechnical (Visual-Manual Proceduré)
site that are addressed in a separate Guide. D 3550 Practice for Ring-Lined Barrel Sampling of Sbils

1.3 The values stated in Sl units are to be regarded as the D 4220 Practices for Preserving and Transporting Soil
standard. The inch-pound units given in parentheses are for Sample$
information only. D 4428/D4428M Test Methods for Crosshole Seismic Test-

1.4 This standard does not purport to address all of the ing?
safety concerns, if any, associated with its use. It is the D 4700 Guide for Soil Sampling from the Vadose Z&ne
responsibility of the user of this standard to establish appro- D 4750 Test Method for Determining Subsurface Liquid
priate safety and health practices and determine the applica- Levels in a Borehole or Monitoring Well (Observation
bility of regulatory limitations prior to use. Well)2

1.5 This guide offers an organized collection of information D 5079 Practices for Preserving and Transporting of Rock
or a series of options and does not recommend a specific Core Samples
course of action. This document cannot replace education or D 5088 Practice for Decontamination of Field Equipment
experience and should be used in conjunction with professional Used at Non-Radioactive Waste Sites
judgment. Not all aspects of this guide may be applicable inall D 5092 Practice for Design and Installation of Ground
circumstances. This ASTM standard is not intended to repre-  Water Monitoring Wells in Aquifer$
sent or replace the standard of care by which the adequacy of D 5099 Test Method for Rubber—Measurement of Process-
a given professional service must be judged, nor should this ing Properties Using Capillary Rheometry
document be applied without consideration of a project's many D 5254 Practice for Minimum Set of Data Elements to
unigue aspects. The word “Standard” in the title of this Identify a Ground-Water Sife
document means only that the document has been approved
through the ASTM consensus process. 3. Terminology

3.1 Definitions:

2. Referenced Documents 3.1.1 Terminology used within this guide is in accordance

2.1 ASTM Standards: with Terminology D 653. Definitions of additional terms may
D 653 Terminology Relating to Soil, Rock, and Containedbe found in Terminology D 653.
Fluids? 3.2 Definitions of Terms Specific to This Standard:
D 1452 Practice for Soil Investigation and Sampling by 3.2.1 bentonite—the common name for drilling fluid addi-
Auger Boring$ tives and well-construction products consisting mostly of

naturally occurring montmorillonite. Some bentonite products
1 This guide is under the jurisdiction of ASTM Committee D18 on Soil and Rock have chemical additives that may affect Water'qua“ty analyses.

and is the direct responsibility of Subcommittee D18.21 on Ground Water and

Vadose Zone Investigations. -
Current edition approved Oct. 10, 1995. Published December 1995. 2 Annual Book of ASTM Standardgol 04.09.
2 Annual Book of ASTM Standardgol 04.08. 4 Annual Book of ASTM Standardgol 09.01.

Copyright © ASTM, 100 Barr Harbor Drive, West Conshohocken, PA 19428-2959, United States.
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3.2.2 bentonite granules and chipsirregularly shaped par- 3.2.14 intermittent-sampling devicesusually barrel-type
ticles of bentonite (free from additives) that have been driecsamplers that may be rotated, driven, or pushed below the
and separated into a specific size range. bottom of a borehole with drill rods or with a wireline system

3.2.3 bentonite pellets-roughly spherical- or disk-shaped to lower, drive, and retrieve the sampler following completion
units of compressed bentonite powder (some pellet manufa®f an increment of drilling. The user is referred to the following
turers coat the bentonite with chemicals that may affect thASTM standards relating to suggested sampling methods and
water-quality analysis). procedures: Practice D 1452, Test Method D 1586, Practice

3.2.4 coefficient of uniformity- C, (D), the ratioDgyD ,,, D 3550, and Practice D 1587.
whereDy, is the particle diameter corresponding to 60 % finer 3.2.15 mast—or derrick, on a drilling rig is used for
on the cumulative particle-size distribution curve, dhg,is  supporting the crown block, top drive, pulldown chains,
the particle diameter corresponding to 10 % finer on thehoisting lines, and so forth. It must be constructed to safely
cumulative particle-size distribution curve. carry the expected loads encountered in drilling and comple-

3.25 Continuous_samp"ng devic.eg)arreLtype Samp]ers tion of wells of the diameter and depth for which the rlg
that fit within the lead auger of the hollow-auger column. Themanufacturer specifies the equipment.
sampler barrel fills with material as the augers advance. 3.2.16 Discussion—To allow for contingencies, it is recom-

3.2.6 drill hole—a cylindrical hole advanced into the sub- mended that the rated capacity of the mast should be at least
surface by mechanical means. Also known as borehole dWice the anticipated weight load or normal pulling load.
boring. 3.2.17 piezometer-an instrument for measuring pressure

3.2.7 drawworks—a power-driven winch, or several head. ) o )
winches, usually equipped with a clutch and brake system(s) 3-2-18 subsurface water-quality monitoring deviee an
for hoisting or lowering a drilling string. instrument placed belpw grqund_surface to _obtal_n a sample for

3.2.8 filter pack—also known as a gravel pack or a primary fan_alyses of the chemical, biological, or rad|ol(_)g|cfal character-
filter pack in the practice of monitoring-well installations. The IStcS of subsurface pore water or to make in-situ measure-
gravel pack is usually granular material, having specifiecfnents'
grain-size characteristics, that is placed between a monitoring. Significance and Use
device and the borehole yvall. The basic purpose of the filter 4.1 Hollow-stem auger drilling may be used in support of
pack or gravgl envelope is to act ad) @ nonclogging filter geoenvironmental exploration (Practice D 3550, Test Method
when the aquifer is not suited to natural developmenm@¢t  p 4428) and for installation of subsurface water-quality moni-
as a formation stabilizer when the aquifer is suitable for natura{oring devices in unconsolidated materials. Hollow-stem auger
development. drilling may be selected over other methods based on the

3.2.8.1 Discussior—Under most circumstances a clean, advantages over other methods. These advantages include: the
quartz sand or gravel should be used. In some cases ability to drill without the addition of drilling fluid(s) to the
pre-packed screen may be used. subsurface, and hole stability for sampling purposes (see Test

3.2.9 fluid-injection devices-usually consist of various au- Methods D 1586, D 1587, D 2487, and D 2488) and monitor-
ger components or drill-rig attachments that may be used tevell construction in unconsolidated to poorly indurated mate-
inject a fluid within a hollow-auger column during drilling.  rials. This drilling method is generally restricted to the drilling

3.2.10 grout packer—an inflatable or expandable annular of shallow, unconsolidated materials or softer rocks. The
plug that is attached to a tremie pipe, usually positionecollow-stem drilling method is a favorable method to be used
immediately above the discharge end of the pipe. for obtaining cores and samples and for the installation of

3.2.11 grout shoe—a drillable plug containing a check valve monitoring devices in many, but not all geologic environments.
that is pOSItlon.ed. Wlthm the lowermost section of a €asiNg Nore 2—in many geologic environments the hollow-stem auger drill-
column. Grout is injected thfough the check valve to fill theing method can be used for drilling, sampling, and monitoring-device
annular space between the casing and the borehole wall @fstallations without the addition of fluids to the borehole. However, in
another casing. cases where heaving water-bearing sands or silts are encountered, the

3.2.11.1 Discussior—The composition of the drillable plug addition of water or drilling mud to the hollow-auger column may become
should be known and documented. necessary to inhibit the piping of these fluid-like materials into the augers.

. . L . . . These drilling conditions, if encountered, should be documented.

3.2.12 hoisting line—or drilling line, is wire rope used on o )
the drawworks to hoist and lower the drill string. 4.1.1 The apphcauon o_f hollow-stem augers to geoenviron-

3.2.13in situ testing devices-sensors or probes, used to menta_l ex.plorat|on may mvo!ve grour]q wgter and soil sam-
obtain mechanical or chemical-test data, that are typicaII)P“ng' in-situ or pore-fluid testing, or utilization of the hollow-

pushed, rotated, or driven below the bottom of a borehol&Uger col_umn as a casing fpr subsequen'g drilling activities in
following completion of an increment of drilling. However, Unconsolidated or consolidated materials (Test Method

some in situ testing devices (such as electronic pressur@ 2113).

transducers, gas-lift samplers, tensiometers, and and so forth)Note 3—The user may install a monitoring device within the same

may require lowering and setting of the device(s) in a preexauger borehole wherein sampling or in-situ or pore-fluid testing was
isting borehole by means of a suspension line or a string operformed.

lowering rods or pipe. Centralizers may be required to cor- 4.1.2 The hollow-stem auger column may be used as a
rectly position the device(s) in the borehole. temporary casing for installation of a subsurface water-quality
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monitoring device. The monitoring device is usually installed 5.1.1 Hollow-Auger Headattached to the lead auger of the

as the hollow-auger column is removed from the borehole. hollow-auger column and usually contains replaceable,
4.2 The subsurface water-quality monitoring devices thatbrasion-resistant cutters or teeth (see Fig. 1). As the hollow-

are addressed in this guide consist generally of a screened auger head is rotated, it cuts and directs the cuttings to the

porous intake device and riser pipe(s) that are usually installeduger flights which convey the cuttings to the surface.

with a filter pack to enhance the longevity of the intake unit, 5.1.2 Auger-Drive Assemblyattaches to the uppermost

and with isolation seals and low-permeability backfill to deterhollow-auger section and transfers rotary power and axial force

the movement of fluids or infiltration of surface water betweenfrom the drill rig to the auger-column assembly.

hydrologic units penetrated by the borehole (see Practice 5.1.3 Pilot Assembly may consist of: ) an auger head

D 5092). Inasmuch as a piezometer is primarily a device usedperture-plugging device with or without a center cutting head,

for measuring subsurface hydraulic heads, the conversion of@r (2) a sampling device that is used to sample simultaneously

piezometer to a water-quality monitoring device should bewith advancement of the auger column.

made only after consideration of the overall quality and 5.1.4 Auxiliary Components of a Hollow-Auger Drilling

integrity of the installation, to include the quality of materials System consist of various devices such as auger-connector

that will contact sampled water or gas. wrenches, auger forks, hoisting hooks, and fluid-injection

swivels or adapters.

Note 4—Both water-quality monitoring devices and piezometers : .
duaty I P 2 Drill Rig, used to rotate and advance the auger column.

should have adequate casing seals, annular isolation seals, and backfills_to-*

deter the movement of fluids between hydrologic units. The drill rig should be capable of applying the rated power at
a rotary velocity of 50 to 100 r/min. The drill rig should have
5. Apparatus a feed stroke of at least the effective length of the auger

5.1 Each auger section of the hollow-stem auger-columsections plus the effective length of the auger couplings plus
assembly consists of a cylindrical tube with continuous helicahbout 100 mm (4 in.).
flighting rigidly attached to the outer surface of the tube (seg; Drilling Procedures
Fig. 1). The hollow-auger section has a coupling at each end -
for attachment of a hollow-auger head to the bottom end of the 6.1 As a prelude to and throughout the drilling process

lead auger section and for attachment of additional auge?tab'l'ze the drill rig and raise the drill-rig mast. Attach an

sections at the top end to make up the articulated hollow-sterditial assembly of hollow-auger components (see Fig. 1) to the
auger column. rotary drive of the drill rig.

Note 6—The drill rig, drilling and sampling tools, the rotary gear or
hain case, the spindle, and all components of the rotary drive above the
ger column should be cleaned and decontaminated prior to drilling
cording to Practice D 5088. All lubricated rotary gear or chain cases
ould be monitored for leaks during drilling. Any lubricants used should
documented. Lubricants with organic or metallic constituents that could
interpreted as contaminants if detected in a soil or water sample should
be used on auger couplings. Any instances of possible contamination
uld be documented.

Note 5—The inside diameter of the hollow-stem auger column is
usually selected to provide an opening large enough for insertion o
monitoring-device components such as the screened intake and filter pag]
and installation devices such as a tremie pipe. When media sampling 8
required, the optimum opening should permit easy insertion and retractioBe
of a sampler or core barrel. When a monitoring device is installed, th%e
annular opening should provide easy insertion of a pipe with an in:sid%ot
djameter large enough for placing completion materials adjacent to thgho
riser.

6.2 Push the auger-column assembly below the ground

surface and initiate rotation at a low velocity.

J

ot

Center Note 7—If surface contamination is suspected, special drilling proce-

rod 4 Hallow— dures may be required to deter transport of contaminated materials
— stem downhole. For example, the augers and auger head may be removed and
P auger cleaned according to Practice D 5088 following drilling of the initial
increments. Complete removal of the augers from a boring may allow
-l caving and cross contamination of materials (especially below the water
- table). When augers are reinserted, attempts should be made to note if
caving or sloughing, or both, has occurred in the borehole and the
- information documented.
g 6.3 Then continue drilling, usually at a rotary velocity of
about 50 to 100 r/min, and to a depth where intermittent
Hollow sampling or in situ testing i_s required, or until the drive
auger assembly is advanced to within about 0.15 to 0.45 m (6 to 18
head in.) of the ground surface. Soil sampling is usually accom-
plished by either of two methods1) removing the pilot
L} assembly, if being used, and inserting and driving a sampler
Pilot through the hollow stem of the auger column, &) (sing a
assembly continuous sampling device within the lead auger section. In
the latter case the sampler barrel fills with material as the
Note 1—Various pilot assemblies not shown here may vary.  hollow-auger column is advanced. It should be noted that the
FIG. 1 Sketch Showing Basic Hollow-Stem Auger Components pilot assembly and any sampling devices should be cleaned and
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decontaminated according to Practice D 5088 after each usattings control is required, drilling through a hole in a sheet of plywood
and prior to reinsertion in the hollow-auger column. Wateror similar mat(_ariql he_Id securely a}pove the_borehole by the s;abilizing
samping can also be done trough the hollonstem augelSee, 000 L 1o vl et aunes o Conanmen
when using augers V.Vlth watertight con_nectlons to pfe"e”t fIUICznd associated cuttings should be in accordance with applicable regula-
leakage from occurring at the connectiory: i§y allowing the s

auger column to fill with water through the use of a screened
lead auger section?2) by allowing the auger column to fill
from the bottom; 8) by using a soil-penetrating water sampling
device that can be lowered into the hollow-auger column an
either driven, rotated, or pushed out through the bottom or lea
auger into the undisturbed material below the auger head.

6.5 When drilling must progress through material suspected
of being contaminated, installation of single or multiple
nested) casings may be required to isolate zones of suspected
8ontamination. Install isolation casings in a predrilled borehole
or by using a casing advancement method. However, when
attempting to auger inside the casing, the column of cuttings
Note 8—Under some circumstances it may be effective to drill without return may cause the augers to bind in the casing. Then install
using a pilot assembly. If a pilot assembly is not used, however, and watgy grout seal usually by applying the grout at the bottom of the

is not injected into the auger column simultaneously with advancementannulUS with the aid of a tremie pipe, and a grout shoe or a
material will often enter the hollow stem of the auger column. The '

addition of water to the auger column during drilling may deter materialgrou_t packer. Allow the grout to set before drilling activities are
entrance but, on the other hand, may also affect both the mechanical af@ntinued.

chemical characteri_stics of soil samples ant_j the quality_of water sampleg._ Installation of Monitoring Devices

Therefore, if water is added and the chemistry determined, the approxi- . o .

mate volume(s) added over specific intervals and the water chemistry /-1 Subsurface water-quality monitoring devices are gener-
should be documented. ally installed using hollow-stem augers following the three-

6.4 Accomplish drilling at greater depths by attachingSt_elo proc_edure showr_1 in Fig. 2. The three steps ayelr{ling, .
additional hollow-auger sections to the top of the previousl))N't_h or without Sa’_“p"”g'@ removal of t_he_pllot as_sembly, i
advanced hollow-auger column assembly. pelng used, and insertion of the monitoring device, aBid (

incremental removal of the hollow-auger column as comple-

Nore 9—Cuttings are removed periodically from around the top of thetion materials such as filter pack, annular seals, and backfill are
auger column. Soil cuttings above the ground water may be representatiVRstalled as required.
of deposits being penetrated if proper cuttings-return rates are maintained.

Cuttings from below the ground water surface are likely to be mixed from Note 10—Removal of the pilot assembly following an increment of
varying formations in the hole and are usually not representative ofirilling or prior to installation of a monitoring device should be performed
deposits at the end of the auger if cuttings are sampled for classificatioso that the entrance of material into the bottom of the hollowauger stem
(see Practice D 2488) and relation to lithology report and document thés minimized. The efficacy of pilot assembly removal will depend upon
intervals sampled. If drilling is performed in contaminated soil and several principal factors1j the character of the soil at the auger heajl, (

T
Center - |
rod Hollow— Hollow—  Fifter ¥
- stem - stem pack T B B
| ouger } | T : i
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Water - s Water K Z:i;::i | B %
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FIG. 2 Sketch Showing Basic Three-Step Procedure for Installation of Subsurface Water-Quality Monitoring Device Using the Hollow-
Stem Auger Drilling Method
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the water levels inside and outside the auger prior to removal of the pilotompare to calculated volumes of material required for
assembly, 3) the type of pilot assembly used (special designs of pilotcompletion. Consider any discrepancies occurring between the
assemblies can be used to reduce the suction effect of removing the pilgtctua| volume of material used and the calculated volume

bit), and (4) the speed of removal. As drilling progresses in saturated, . - . .
granular materials, it usually becomes progressively more difficult toreqUIred prior to proceeding to ensure proper completion. If

maintain the stability of the material below the auger column because oflilte_r m_ate”al t_)rldges W'thm_ the hollow auQer'nse_r annu_lus
unbalanced hydraulic heads. The stability of the material below the augeduring installation, use tamping rods or other tamping devices
head may be enhanced by using special pilot assemblies or injecting wattd® dislodge the bridge.

of known chemistry into the hollow auger during drilling. The injection of . o . . .

water into a borehole usually requires consideration and documentation of NOTE 13—Filter packs for monitoring devices installed in a saturated
the effects of injected water onl) quality of subsequent chemical ZON€ are typically selected on the basis of the grain size characteristics of

analyses of sampled water, arg) the possible addition of moisture or the hydrologic unit adjacent to the screened intake (screen size should be
contaminants to sampled n;aterials less than the grain size of the formation adjacent to the screened intake).

. Filter-pack material is often inserted from above ground surface within the
7.1.1 If materials enter the bottom of the auger hollow steMannulus of the hollow auger and the riser and is distributed by gravity

during removal of the pilot assembly, remove it with a bailer,around the screened intake. Filter-pack material with a uniformity
drive sampler, or other device. coefficient of less than 2.5 is ordinarily selected to minimize in-place
segregation of grain sizes. For some circumstances, such as installations

Nore 11—If heaving occurs, the amount of material entering the ynder water in uniform, fine to very fine sand soils, the filter should be
hollow-stem auger column should be documented. The effective use of @stalled with a tremie pipe to minimize segregation of particle sizes.

bailer may require the addition of a fluid to the auger stem. Filter packs for vadose-zone monitoring devices may be predominantly
712 If Samp”ng or in situ testing is not required during silt sized. These filter materials are often mixed with water of known
drilling for installation of a monitoring device, advance the quality, inserted through a tremie pipe, and tamped into place around the

. . . . evice.
boring (for some geologic conditions) by using an expendabl Note 14—Effective installation of the filter pack, the seal above the

knockout plate or plug of known chemistry instead of a pilOtfier pack, and the grout above the seal may be difficult to achieve.
assembly. Consideration should be given to allow for sufficient annular space

between the monitoring device and the hollow-stem auger to accommo-

Note 12—Knockout plates or plugs usually remain in the ground closedat the tremie bi Under some circumstan the filter pack mav b
to the monitoring device. Therefore, the material components for knock- € the tremié pipe. er some circumstances, the filter pack may be

out plates or plugs should be selected based on their possible effects gﬁore successfully installed by injecting or inserting water of known
a

subsequent measurements or analyses and the information documente ¢ T;fgg(l;ﬂtgft:;ﬁgrla%"o:rl-ca;ﬁ;rnarénnuolﬂsr? t\t‘;g?g;ﬂ&g%ﬂg%&'ggr& T)%?h
may be necessary to fill or partially fill the auger stem with water of P 9 : 9 ]

known chemistry to prevent blow-in, piping, or sanding in at the time Off|II the space previously occupied by the auger flights and to maintain or

the plate or plug removal. Refer to Note 7 for considerations regardingi“grgjtIy _|trr1]<_:retﬁse the hﬁaﬁ W'thtm the aqger-hollowt;te?. This ad?ltlonal
adding water to the hollow-auger stem. ead within the auger-hollow stem provides an outward seepage force on

i ) ) the wall of the borehole as the augers are retracted. The additional head
7.1.3 Use an auger head with an integral, hinged aperturgeters caving prior to installation of filter or seal materials. Approximate
cover to deter entrance of materials into the auger stem.  volumes of water used and water losses should be documented.
7.2 Assemble water-quality monitoring devices, with at- 7 4 ysually place sealing materials consisting of either

tached fluid conductors (risers), and suspend in tension prior tgentonite pellets, chips, or granules directly above the filter
placement of filter pack and during placement of filter pack i”pack.

the borehole (with the least possible addition of contaminants).
7.2.1 Some materials. such as screens and risers. may\oTe 15—It may be effective, when granular filters are used, to install

require cleaning or decontamination, or both, at the job sité thin, fine sand, secondary filter either below the ann_ular seal or both
. above and below the seal. These secondary filters are installed to protect
(see Practice D 5088).

g : . o . the monitoring device, primary filter pack, and seal from intrusion of grout
7.2.2 Prior to installation, store all monitoring device mate-jnstalled above the seal.

rials under cover and place upwind and well away from the Nore 16—A measured volume of water of known chemistry is often
drill rig and other sources of potential contamination such aglaced in the annulus on top of a dry bentonite seal to initiate hydration;
electrical generators, air compressors, or industrial machinerjowever, hydration of a seal may require from 6 to 24 h.

7.2.3 Clean hoisting tools, particularly wire rope and hoist- 7.5 The backfill that is placed above the annular seal is
ing swivels, and decontaminate according to Practice D 5088sually a bentonite- or cement-base grout.

before using.
9 Note 17—Grouts should be designed and installed in consideration of

h'7.3 Se:jeCt filter m(?t.enalﬁ’ benton.]l:.[e peblletsf, granUIe.S a.nqw ambient hydrogeologic conditions. The constituents should be selected
chips, and grouts and install to specific subsurtace monltorlnQnd documented according to specific performance requirements. Typical

reqUierems- The thi.CkneSS of the emplaced materials angout mixtures are given in Practice D 5092 and Test Method D 4428.
extension of the materials above the top of the screen should beNore 18—Grouting equipment and pipes should be cleaned and decon-

sufficient to adequately seal the well and monitoring device(sjaminated according to Practice D 5088 prior to use and should be
against contamination effects of fluid movement between:onstrupted of materials that do not “leach” significant amounts of
hydrologic units and infiltration of surface contaminants. ~ contaminants to the grout.

7.3.1 Filter packs for monitoring devices are typically 7.5.1 When a tremie pipe is used, control its initial position
installed by withdrawing the hollow augers in small incre- and grouting pressures to prevent materials from being jetted
ments, while simultaneously adding small increments of filteinto underlying seal(s) and filter(s) (use of a tremie pipe having
material. Record the total volume of filter materials installeda plugged bottom and side-discharge ports should be consid-
and the depth to the upper surface of the filter pack anéred to minimize bottom-jetting problems).
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7.5.2 After placement of the initial 1.98 m (5 to 10 ft) of  requirements of the exploration program. Additional informa-
grout above the underlying filter or seal, discharge additionation should be considered as follows:
grout at a depth of about 1.5 8 m below the grout surface. 9.2.1 Drilling Methods

Note 19—The need for chemical analysis of samples of each grout 9.2.1.1 Description of the hollow-stem auger system,

component and the final mixture should be considered and documented. 9.2.1.2 Type, quantities, and locations in the borehole of use

of water or additives added,
7.5.3 Install the grout from the bottom of the borehole to the 9.2.1.3 Description of cuttings return, including quantities,

top of the borehole so as to displace fluids in the borehole. and

8. Development 9.2.1.4 Descriptions of drilling conditions related to rotation

8.1 Most monitoring device installations should be devel-r"’ltes".and general ease of drilling as related to subsurface
materials encountered.

oped to remove suspended solids from disturbance of geologic 9.2.2 Sampling—Document conditions of the bottom of the

materials during installation and to improve the hydraulicborehole ior to sampling and report anv slouah or cuttinas
characteristics of the filter pack and the hydrologic unit - P pling P y 9 9
gresent in the recovered sample.

adjacent to the intake. The method(s) selected and tim 9.2.3 In Situ Testing

expended to develop the installation and changes in quality O29.2.3.1 For devices inserted below the bottom of the bore-

\r/;actoerrdslcljscharged at the surface should be observed arhole, document the depths below the bottom of the hole and
' any unusual conditions during testing, and
Note 20—Under most circumstances, development should be initiated 9.2.3.2 For devices testing or seating at the borehole wall,
as soon as possible following grouting and well completion operationsreport any unusual conditions of the borehole walll.

For suggested well-development methods and techniques, the user is . . ) - )
referred to Test Method D 5099. However, time should be allowed for . 9.2.4 Installations—A description of W?” completion mate
setting of grout. rials and placement methods, approximate volumes placed,

depth intervals of placement, methods of confirming place-

9. Field Report and Project Control ment, and areas of difficulty of material placement or unusual

9.1 The field report should include information recom- Occurrences.
mended under Guide D 5434, and identified as necessary and
pertinent to the needs of the exploration program. 10. Keywords

9.2 Other information in addition to Guide D 5434 should 10.1 drilling; geoenvironmental exploration; ground water;
be considered if deemed appropriate and necessary to tlvadose zone
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