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1. Scope

rience and should be used in conjunction with professional

1.1 This guide covers guidance for the selection of soil andudgement. The word “Standard” in the fitle of this document

characterizing in situ physical and hydraulic properties, chemi€0NS€nsus process.
cal characteristics, subsurface lithology, stratigraphy and stru<‘2—_ Referenced Documents

ture, and hydrogeologic units in environmental investigations.
1.2 This guide does not specifically address selection of soil

sampling devices for use with direct-push sampling systems,

but the information in this guide on thick-wall and thin-wall

samplers is generally applicable to direct-push soil sampling.
1.3 This guide should be used in conjunction with refer-

enced ASTM guides, practices, and methods on drilling tech-

niques for geoenvironmental investigations and use of sam-

pling devices referenced in 2.1, and with Guide D 5730.

1.4 This guide does not address selection of sampling
devices for hand-held soil sampling equipment, and soil
sample collection with solid-stem augering devices, or collec-
tion of grab samples or hand-carved block samples from

2.1 ASTM Standards:

D 657 Specification for Isopropyl Acetate

D 1452 Practice for Soil Investigation and Sampling by
Auger Borings

D 1586 Test Method for Penetration Test and Split-Barrel
Sampling of Soild

D 1587 Practice for Thin-Walled Tube Sampling of Sdils

D 2113 Practice for Diamond Core Dirilling for Site Inves-
tigation®

D 3550 Practice for Ring-Lined Barrel Sampling of Sdils

D 3694 Practice for Preparation of Sample Containers and
for Preservation of Organic Constituehts

accessible excavations. Refer to Appendix X1.2 for guidance D 4220 Practices for Preserving and Transporting Soil

on these topics. This guide should be used in conjunction with
Guide D 4700 when thin-walled, split barrel, ring-lined barrel

Sampled
D 4452 Methods for X-Ray Radiography of Soil Samples

and piston samplers with solid- and hollow-stem augers are D 4700 Guide for Soil Sampling from the Vadose Zoéne

used in the unsaturated zone.

1.5 This guide does not address devices for collecting cores

from submerged sediments or sampling devices for solid
wastes. Refer to Guide D 4823 for guidance on these topics.

D 4823 Guide for Core-Sampling Submerged, Unconsoli-
dated Sediments

D 5079 Practices for Preserving and Transporting Rock
Core Samples

1.6 The values stated in Sl units are to be regarded as the D 5084 Test Method for Hydraulic Conductivity of Satu-

standard. However, dimensions of materials used in the drilling
industry are given in English units by convention, therefore,
English units are used where necessary in this guide.

1.7 This standard does not purport to address all of the
safety concerns, 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

rated Porous Materials Using a Flexible Wall Permeame-
te

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

D 5434 Guide for Field Logging of Subsurface Exploration
of Soil and RocR

D 5730 Guide to Site Characterization for Environmental
Purposes with Emphasis on Soil, Rock, the Vadose Zone
and Ground Watér

or series of options and does not recommend a specific course P ©781 Guide to the Use of Dual-Wall Reverse-Circulation

of action. This document cannot replace education and expe-

* This guide is under the jurisdiction of ASTM Committee D-18 on Soil an Rock
and is the direct responsibility of Subcommittee D18.21 on Ground Water and
Vadose Zone Investigations.

Current edition approved March 10, 1998. Published August 1998. Originally
published as D 6169-97. Last previous edition D 6169-97.

Drilling for Geoenvironmental Exploration and the Instal-
lation of Subsurface Water-Quality Monitoring Deviées
D 5782 Guide for the Use of Direct-Air Rotary Drilling for

2 Discontinued; se@979 Annual Book of ASTM Standard®l 06.01.
2 Annual Book of ASTM Standardgol 04.08.
4 Annual Book of ASTM Standardgol 11.02.
5 Annual Book of ASTM Standardgol 04.09.
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Geoenvironmental Exploration and the Installation of 3.2.4 core—for the purposes of this guidea cylindrical
Subsurface Water-Quality Monitoring Devifes sample of soil or rock obtained by means of a thick-wall,
D 5783 Guide for the Use of Direct Rotary Drilling with thin-wall, or rotating core sampler.
Water-Based Drilling Fluid for Geoenvironmental Explo-  3.2.5 cuttings—for the purposes of this guidsoil material
ration and the Installation of Subsurface Water-Qualityor small-sized rock fragments brought to the surface in the air
Monitoring Device$ or fluid stream of a rotary drill rig, bailing from a cable tool rig,
D 5784 Guide for the Use of Hollow-Stem Augers for sticking to drill bits or auger flights, or as return from auger
Geoenvironmental Exploration and the Installation offlights. See 8.3.
Subsurface Water-Quality Monitoring Devices 3.2.6 direct push sampling systenfor the purposes of this
D 5872 Guide for the Use of Casing Advancement Drilling guidg a subsurface sampling system using samplers generally
Methods for Geoenvironmental Exploration and the Instal-2 in. (50 mm) in diameter or less that use hand-held percussion
lation of Subsurface Water-Quality Monitoring Deviées  driving devices, or mobile hydraulic, vibratory or percussion
D 5875 Guide for the Use of Cable-Tool Drilling and drive systems that are mounted to a small truck, van, all-terrain
Sampling Methods for Geoenvironmental Exploration andvehicle (ATV), trailer, skid, or drill rig.
the Installation of Subsurface Water-Quality Monitoring  3.2.7 drill rig —for the purposes of this guigda land-based
Device$ wheeled, ATV, or skid-mounted assembly or offshore or barge
D 5876 Guide for the Use of Direct Rotary Wireline Casing mounted assembly capable of drilling boreholes and collecting
Advancement Drilling Methods for Geoenvironmental soil or rock samples with a diameter generally greater than 2 in.
Exploration and the Installation of Subsurface Water-(50 mm) using rotary, drive, push, or vibratory advancement

Quality Monitoring Device3 methods.
D 5911 Practice for the Minimum Set of Data Elements to 3 2 g drill-rod core sampling—a sampling process in which
dentify a Soil Sampling Site a fixed drill rod assembly advances a thick-wall or thin-wall
D 6151 Practice for Using Hollow-Stem Augers for Geo- sampler or a rotating drill rod assembly advances a rotating
technical Exploration and Soil Samplihg core samplers.
3. Terminology 3.2.9 group A—samples for which only general visual

identification is necessary (see Practices D 4220).

3.2.10 group B—samples for which only water content and
classification tests, proctor and relative density, or profile
logging is required and bulk samples that will be remolded or

mpacted into specimens for swell pressure, percent swell,

onsolidation, permeability, shear testing, CBR, stabilimeter,

3.1 Definitions: Terminology used within this guide is in
accordance with Terminology D 653 except as noted below.

3.2 Definitions of Terms Specific to This Standard:

3.2.1 borehole grab samplera sampling device with a
cutting head that advances by rotation and collects a sample
scraping side or bottom rather than coring. See Section 8.1 !

3.2.2 chemically undisturbed core sampia soil or rock etc. (see PrqcUces. D 4220). )
core sample in which the sampling device, collection and 3-2-10-1Discussior-Group B samples are disturbed, re-
handling procedures result in preservation of the chemicdnelded samples used primarily for engineering properties

properties to a degree that satisfies the purpose for which tHES!S: _ _ .
sample was taken. 3.2.11 group G—intact, natural formed or field fabricated,

3.2.2.1 Discussior—For nonsensitive chemical constitu- Sa8mples for density determination; or for swell pressure,
ents, representative samples will generally provide chemicallpercent swell, consolidation, permeability testing and shear
undisturbed samples. Nonrepresentative samples may also i$ting with or without stress-strain and volume change mea-
chemically undisturbed, but are generally not suitable fofSurements, to include dynamic and cyclic testing (see Practices
analysis because of their uncertain integrity, location or origin.D 4220).
For sensitive chemical constituents, special sample collection 3.2.11.1Discussior—Group C samples are undisturbed
and handling procedures are generally required to obtaif@mples used primarily for engineering properties tests. Some
chemically undisturbed samples as discussed in 6.4 and 6.10f these tests, such as bulk density and permeability are useful
Physically undisturbed samples will generally provide chemifor environmental investigations. Additional physical and hy-
cally undisturbed samples provided that sampling techniquedrologic properties that require Group C type samples are
and materials for sampling devices and containers are selectédentified in Table 1.
to avoid chemical alteration. 3.2.12 group D—samples that are fragile or highly sensitive

3.2.3 clearance ratio (inside)-the difference between in- for which tests in Group C are required (see Practices D 4220).
side diameter of the sampling tube and inside diameter of 3.2.13 liner—cylindrical tubes or rings made of metal or
cutting edge or shoe divided by the insided diameter of theplastic placed inside a core sampling device to facilitate sample
cutting shoe or edge. retrieval and handling.

3.2.3.1 Discussion—refer to Hvorslev(1)® and Paikowsky 3.2.14 nonrepresentative samptea soil sample that con-
et al. (2) for appropriate formulas for calculating wall area sists of drill cuttings of uncertain integrity, location or origin,
ratio. or other incomplete or contaminated portions of subsurface

materials; generally not suitable for testing or analy8is

° The boldface numbers given in parentheses refer to a list of references at the 3.2.15 phyS|_caIIy gndlswrbed co.re Samp_'l'@- soil or !‘OCk
end of the text. core sample in which the sampling device, collection and
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TABLE 1 General Sample-Type Requirements for Measurement

representative sample in the statistical sense. The sample is
of Physical and Chemical Properties

only representative of the subsurface material encountered by
the sampler and is not necessarily representative of the

Physically Chemically

Tests to be Performed Undisturbed  Undisturbed Representative ! . g '

: : : formation being sampled. Sample representativeness in the
Physical/Hydrologic Properties latter sense needs to be addressed in the sample design that
Hydraulic Conductivity X L . - . .

Specific Yield X o defines the specific location of sampling.
Pressure Head (Matric Potential) X o 3.2.18 rotating core samplera rotating cylindrical sampler
\'\/fggr”goﬁgta“e”s“c Functions X ; with a coring bit that cuts away soil or rock material from
Particle Size Distribution X around the core. See 7.6.
Bulk Density/Porosity X o 3.2.19 sensitive chemical constituentehemical species or
g’g;n;?sg’i[j?lﬁirtles § compounds for which the composition or concentration in soil
Mineralogy may change rapidly in soil in response to disturbance, or
Gross Mineralogy X interaction with sample container materials, due to processes
S&':J:f']’q‘of;ﬁgggy X such as volatilization, degassing, microbial action or abiotic
Surface Properties oxidation-reduction reactions.
lon Exchange Capacity . X . 3.2.20 thick-wall sampler—a core sampler that that does not
Sorption (Batch Tests) S X L : R ; ;
Sorption (Flow-Through Tests) X o o Zﬁgsgl ;gi]’;g:"emems for collection of undisturbed Group C
Sorption Site Density L X L .
Surface Area , _ - X 3.2.20.1 Discussior—Generally, samplers with a wall area
Nonsensitive Chemical Consttuents « ratio greater than 15 % (see Table 2 for additional specifica-
Concentrations tions. Typical thick wall samplers are found in Test Method
Carbonate X D 1586 and Practice D 3550. See 7.3.
o oA o tenisC X 3.2.21 thin-wall sampler—a sampler that meets the specifi-
ensitive Chemical Constituents ) 3 X
Microbiology X cations in Practice D 1587. See 7.4.
Volatile and Semivolatile Organics X 3.2.22 undisturbed sample-a soil sample that has been
Nitrogen- and Sulfur-Containing X : : : :
Species obtained by methods in which every precaution has been taken
Redox-Sensitive Species X to minimize disturbance to the sample (see Terminology
(As, Cr, Fe, Mn, Se) D 653). See also definitions for chemically undisturbed sample
Other Sensitive Inorganics X

(Hg, cyanides)

and physically undisturbed sample.

3.2.23 vibratory core sampling-a sample process in which
a thick-wall or thin-wall sampler is advanced using high
frequency vibrations rather than hydraulic or percussion forces.
3.2.24 wall area ratio—The ratio of gross wall area due to
thickness divided by the inside opening of the sampler.
3.2.24.1 Discussior—Refer to Hvorsle1) and Paikowsky
et al. (2) for appropriate formulas for calculating wall area
handling procedures result in preservation of the in situatio.
physical and hydraulic properties (such as, structure, density, 3.2.25 wireline core sampling-a sampling process in
and moisture content) to a degree that satisfies the purpose f@mhich rotating or pushed core samplers are raised and lowered
which the sample was taken. inside drill rods with a wireline and attached for coring or
3.2.15.1 Discussior—Group C and D core samples are pushing with an overshot latching mechanism.
physically undisturbed. Generally collection of undisturbed o
samples require use of thin-wall or double-tube rotating coré Significance and Use
sampling devices, but as discussed in 6.2, thick-wall samplers 4.1 Direct observation of the subsurface by the collection of
may be satisfactory for some objectives. soil and rock samples is an essential part of site characteriza-
3.2.16 piston core samplera thin-wall or, less commonly, tion for environmental purposes (see 7.1.7 of Guide D 5730).
thick-wall sampling device in which the inner piston is held in This guide provides information on the major types of soil and
a fixed position and the cutting head and outer barrel isock sampling devices used on drill rigs to assist in selection of
advanced mechanically or hydraulically into the soil. See 7.5devices that are suitable for known site geologic conditions,
3.2.17 representative soil samplea soil sample from a and provide samples that meet project objectives. This guide
known subsurface interval in which some structural features dshould not be used as a substitute for consulting with someone
not survive but other properties, such as moisture content, graexperienced in sampling soil or rock in similar formations
size and gradation and chemical characteristics of the samphlefore determining the best method and type of sampling.
interval are preserved; suitable for mechanical and chemical 4.2 This guide should be used in conjunction with Guides
analysis for nonsensitive chemical constituents, and lithologi® 2113 and D 6151 and drilling method-specific guides (see
logging. (Adapted from U.S. Geological Survey, 1980). SeeGuides D 5781, D 5782, D 5783, D 5784, D 5872, D 5875 and
discussion in 6.3. D 5876) as part of developing a detailed site investigation and
3.2.17.1 Discussior—This definition follows general usage sampling plan (see 5.1.5 of Guide D 5730) for sites that require
in the geologic profession, and differs from the definition of mobilization of a drill rig for subsurface investigations. The

3

A Physically undisturbed sample preferred, but repacked representative sample
may be adequate.

B Chemical constituents that are sufficiently stable that no special attention need
to be given to sample device/container compatibility, or sample handling, transport,
and storage if analyzed within a few months.

€ Special consideration of sample device/container compabitility, sample collec-
tion, handling and transport required to obtain chemically undisturbed samples.
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A

TABLE 2 General Sampler Specifications Defining Undisturbed Samples For Group C and D Samples

Sampler Characteristics Undisturbed (Thin-Wall sampler)® Disturbed€ (Thick-Wall sampler) Source
Wall thickness/OD ratio <25% >25% Hvorslev (1)
Wall area ratio <15% >15% Hvorslev (1) and

Paikowsky et al. (2)

Clearance ratio (inside) Shuter and Teasdale (7)
Nonplastic soils 05t01% NA and Practice D
Intermediate plasticity 1to2% NA 1587. See also Table
Plastic soils (clays) 2t03 % NA 7.

Length Practice D 1587
Sands < 10 diameters > 10 diameters
Clays < 15 diameters > 15 diameters

Diameter Shuter and Teasdale (7)
Compressible soils > 3in. (76.2 mm) < 3in. (76.2 mm)

Less compressible soils > 2in.? (50.8 mm) < 2in.2 (50.8 mm)

A Group C samples include samples for the following geotechnical tests: density, percent swell, consolidation, permeability testing and shear testing with or without
stress-strain and volume change measurements. Group D samples are fragile or highly sensitive for which test in Group C are required. Group C samples collected for
environmental testing purposes would include laboratory measurement of hydraulic conductivity, and flow-through core tests for sorption and leachability.

B Thin-wall samplers cannot get undisturbed samples of all soil materials. For denser soils, Pitcher (see 7.7.2) or Denison samplers (see 7.7.3) may be required.

€ samples collected with thick-wall samplers may qualify as undisturbed samples for the purpose of description of in situ morphologic properties provided that visual
indicators discussed 6.1.2 indicate minimal disturbance (see Table 3), and for the purpose of chemical characterization.

D 2-in. (50.8 mm) samples for Group C samples for engineering tests are not recommended.

selection of drilling methods and sampling devices goessignificance in vadose zone and ground water modeling.
hand-in-hand. In some cases soil sample requirements mayydraulic properties of permeable materials are generally best
influence choice of drilling method, or conversely, types ofmeasured using aquifer tests (see Table Al.1 of Guide D 5730,
available drill rigs may influence choice of sampling devices.for list of ASTM standards on aquifer tests), but collection of

4.3 This guide should be used in conjunction with Guideundisturbed samples for laboratory permeameter tests may
D 5434 for field logging of soil and rock samples, Practiceprovide useful information on vertical changes in hydraulic
D 5911 for data elements to identify a soil sampling site, angproperties. Impermeable materials, such as clays, are generally
where appropriate, Practice D 4220, for preserving and trangest measured in the laboratory using undisturbed cores (see
porting soil samples, Practice D 5070 for preserving andrest Method D 5084). However, it should be recognized that
transporting rock core samples, Practice D 3694 for preparaaporatory measurements generally do not consider preferential
tion of sample containers and for preservation of organiGiow or secondary porosity effects which can significantly
constituents, and Practice 5088 for decontamination of fielgyfect the field permeability of a material. Section 6.1 discusses
equipment used at nonradioactive waste sites. criteria for evaluating degree of sample disturbance. Table 1
lists parameters that require undisturbed samples.

5.1 Samples of soil and rock can be collected for three 5.3 Chemical and Biological CharacteristiesSamples for

major purposes in environmental investigations: measuremeffieasurement of stablg chemical constituents genera_llly do not
of in situ physical and hydraulic properties, measurement of ij€auire physically undisturbed samples, but do require repre-
situ chemical and biological characteristics, and identificatiorpe"t@tive samples. Samples for measurement of sensitive
of geologic and hydrogeologic characteristics of the subsurchemical constituents, such as volatile organic compounds,
face. Table 1 identifies general sample-type requirements fdauire physically undisturbed samples that minimize sample
measurement of physical, hydrologic and chemical propertied€92ssing from compression or expansion. Whenever chemical
of the subsurface. Most coring devices (see Section 7) provid@nalysis of samples is an objective of the investigation,
good to excellent samples for all three purposes. Borehole graftMpling devices that result in chemical alteration should be
samplers and drill cuttings (see Section 8) are unsuitable fgrvoided. Chemical alteration is most problematic with devices
measurement of in situ physical and hydrologic propertiesi_n which dl’l”lng fluids come in direct contact with the Sample
Depending on the specific drilling method, borehole graband when sensitive constituents such as volatile organic chemi-
samples or cuttings may provide adequate information ofals and redox sensitive elements (iron, manganese, arsenic,
geologic and hydrogeologic properties of the subsurface. ~ chromium, selenium), or microorganisms below the water table
5.2 In Situ Physical and Hydraulic PropertiesLaboratory ~are to be sampled. In contaminated soil and ground water,
measurements of physical properties, such as bulk densitgasing advancement methods should be used to prevent cross-
porosity, consolidation of clays, and thin-section analysis oftontamination of samples. Sampling for such constituents
sediments, and hydraulic properties, such as specific yield anéquires use of samplers and sampling procedures that avoid or
hydraulic conductivity require undisturbed cores that retain theninimize contact with drilling fluids, the atmosphere, other
in situ properties of the sample. Bulk density and porosity areeontaminated soil or ground water, and sample containers
the parameters requiring undisturbed samples that are mostade of nonreactive materials (see 6.4 and 6.10). Undisturbed
significant in environmental investigations because of theisamples are preferred when column leaching or sorption tests

5. Objectives of Sampling Soil and Rock

4
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are to be performed in the laboratory, although representativehysically undisturbed. Framing that determination in the

disturbed samples can be used in unstructured soil materialsg¢bntext of the objective of the sample (see 3.2.15.1) makes it

the bulk density is known. Table 1 identifies types of sample®asier to make a positive or negative determination using the

required for specific chemical and biological properties. criteria discussed below, provided that the sampling objectives
5.4 Geologic and Hydrogeologic PropertiesSamples for have been clearly defined prior to collection.

geologic properties, such as lithology, stratigraphy, and struc- , .

f . Note 1—Referencg3) defines undisturbed sample as follows: essen-
ture should ge.nerally.be represer)tatlve, bl‘!t.nonrepresentat'\/iglly an in-place specimen in which features such as structure, density,
samples combined with observations of drilling advancemeni,q moisture content are preserved: sitable for most engineering testing
rates may provide some information on changes in lithology ifand analysis. Rehm et 45) give a similar definition as samples in which
it is not feasible to collect representative samples (see 8.3)the physical and chemical properties of the sample have been altered
Undisturbed samples are required for adequate characterizatigttie from the original in situ condition during the collection process.”
of fractures in dense unconsolidated material and rock. Th?iViS et 3'-(6):1_62“6 untdisltluabed S;ja}trnples as ‘;jver)t/ high quality tsarrt1p|e|s

; - : ; ; ; aken under strictly controlled conditions in order to minimize structural
quality of d.eflmtlo.n of hydrOQeqmglc lfmlts will be a func.:tlon disturbance of the sample”. The definition of undisturbed sample in this
of the quality of lithologic, stratigraphic, and structural inter-

. . guide (see 3.2.15.1) adds precision to the above definitions by relating the
pretations supplemented by water level data and aquifer test@sm to the objective for which the sample is collected.

6. Specific Criteria for Selection of Sampling Devices 6.2.2 Affect of Sampling Device on Degree of Physical

6.1 When the specific objectives of sample collection havdisturbance—The following three general characteristics of
been defined (see 4.2), the applicable criteria described belo$@mplers affect the degree of physical disturbance of the
should be identified and the sampling device or devices thatample: increasing wall thickness increases disturbance, in-
will best fulfill the sampling objectives selected for use. Whencreasing tube diameter decreases disturbance, and increasing
a sampling device has been selected, at least two should fbe length increases disturbance. The same sampler may
procured, along with appropriate spare parts. Two samplergause different degrees of disturbance, depending on the
may be used in alternation if this enhances efficiency of fieldnaterial being sampled, with highly plastic and compressible
operations and sample collection, or the second sampler serv&8ils and well sorted noncohesive sands being most susceptible
as a backup in the event the first one becomes damaged. to disturbance. Driving the same sampler can disturb a sample

6.2 Sample Physical DisturbaneeThe degree of physical more than pushing the sampler. Thin-wall samplers (see 7.4)
disturbance of a soil or rock sample is primarily a concerngenerally provide the highest quality cores in terms of mini-
when in situ physical and hydraulic properties are to pbanizing sample disturbance in fine-grained cohesive materials.
measured. Historically, geotechnical investigators have placediston samplers (see 7.5) may be required for collecting cores
more emphasis on collection of physically undisturbed soill cohesionless materials, with thin-wall types creating less
samples than environmental investigators because measufsturbance than thick-wall types). Rotary core samplers, such
ment of many engineering properties requires such sampleds the Denison sampler (see 7.6.2), or vibratory/sonic sampling
whereas alternative methods to permeameter tests (that @€ethods (see 7.2.4) may be required to collect undisturbed
single and multi-well aquifer tests) are available for measuringg@mples in firm to stiff cohesive soils and dense sands.
hydraulic parameters (see 5.2). However, the degree of distuRepending on the sampler and soil material, thick-wall sam-
bance also affects the quality of borehole log descriptions anBlers may also be satisfactory for measurement of in situ
subsequent interpretations. Disturbed soil cores allow logginghysical and hydraulic properties (see 6.2.3). Shuter and
of primarily textural and density/consistency changes. UndisJeasdalg7) and most of the geotechnical references identified
turbed soil cores allow description of soil morphologic featuredn the appendix provide further discussion of considerations
that are valuable for developing interpretations concerning th@nd techniques for collecting undisturbed cores.
potential for contaminant movement in the subsurfé¢e 6.2.3 Criteria for Evaluating Degree of Physical Distur-
Collection of oriented undisturbed rock cores allow assessmem@ance in Push and Drive Sampledable 2 identifies the main
of fracture location and orientation in the subsurface (se@ampler characteristics that determine whether a sample is
7.9.4). physically undisturbed for Group C and D samples as defined

6.2.1 Definition of Physically UndisturbedThe use of the in Practice D 4220. Although the definition of these groups has
term “undisturbed” to describe a soil or rock sample always hag primarily geotechnical focus, undisturbed samples for hydro-
to be qualified because the sampling process inevitably resulggologic analysis and testing have the same requirements
in some degree of disturbance as a result of factors such 4Befer to Shuter and Teasdd[) for a detailed discussion of
stress relief or dilation or compression from insertion. Therequirements for undisturbed soil samples for hydrogeologic
definition of an undisturbed soil sample in Test Method D 657analysis and testing). Group C and D samples will also provide
(see 3.2.14) does not provide explicit criteria for determininghigh quality samples for visual logging of soil morphologic and
whether a sample is undisturbed. Samples collected using sedimentary features that are sensitive to disturbance by
thin-wall sampler provide the least disturbed core samples ithick-wall samplers. Table 3 gives a number of indicators that
soft soils, yet Practice D 1587 uses the term “relativelycan be used to evaluate the degree of disturbance in core
undisturbed” to characterize samples taken with a thin-walfollected using a thick-wall sampler. X-ray radiography (see
tube sample. The factors that affect physical sample distufPractice D 4452) may also be useful for evaluating the quality
bance are numerous and complex enough that professionel Group C and D cores.
judgement is still required to determine whether a sample is 6.2.4 When to Collect Physically Undisturbed Soil

5



TABLE 3 Indicators of Degree of Core Disturbance in Driven Samples
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A

Indicator

Undisturbed/Less Disturbed

More Disturbed/Disturbed

Advancement Method

Core Recovery

Soil morphology/sedimentary structures®

Core length (indicator of expansion or compaction)®

Partings at intervals equal to the distance of each drive
impact (driven samples only)

Practice D 1586 blow count (N)©

Core shoe (soil with course fragments)

Gravel fragments or large roots in core

Borehole condition
Drilling fluid

Pushed

Core length = sample interval

No or little observable deformation
Length of core equal to sampled interval
Absent

N <20
No visible damage to cutting shoe
No evidence of grooving along core

Cased or stable borehole with no caving
Not used

Driven

Core length < or > sample interval
Moderate to extensively deformed
Length of core > or < sampled interval
Weakly to strongly evident

N >20

Cutting shoe nicked or bent

Core has been grooved by rock or root fragments
inside the core

Unstable, uncased borehole

Drilling fluid coats core top, bottom and sidewalls

A Based on visual observation of split cores or x-ray radiography using Test Method D 4452.
B Also indicator for pushed thin-wall samples.
€ A standard 2 in. (50.8 mm) thin-wall sampler will often collapse in soils with N values of 30 or greater (23).

Samples-Undisturbed physical soil samples in cohesionlessstructural characteristics of the sample but must be represen-
soils (sands and gravels) are generally more costly in time anthtive of the sampled interval. Relatively stable chemical
money than disturbed samples, and in environmental investproperties, such as mineralogy, organic matter content (exclud-
gations the decision to obtain undisturbed samples should kiag recent organic residue) and many inorganic constituents
based on a judgement that the added information obtained frowan be collected using any device that gives a representative
undisturbed cores outweighs the added costs. Drill cuttings asample. Sensitive chemical constituents, such as redox-
auger-flight samples are inadequate for most environmentaensitive metals, volatile organic chemicals, and other organic
investigations, so the question will generally be framed inchemicals that are subject to biodegradation may require
terms of whether disturbed core thick-wall samples or thin-collection of undisturbed or relatively undisturbed samples
wall/rotating core sampling devices should be used. Examplessing stainless steel or brass liners that are immediately sealed
of when high-quality undisturbed samples (Group C and D) irfor transport or special coring, paring, or subcoring devices that
environmental investigations might be appropriate for environallow rapid placement or transfer of samples into containers for
mental investigations include: determination of laboratoryonsite analysis or preservation and transport to a laboratory.
hydraulic conductivity and porosity for calibration of geo- Key considerations in sampling sensitive chemical constituents
physical logs in an area, thin section examination of sediments that the sampling device and sample handling procedures
for mineralogy and microstructural features, engineering propminimize contact of the sample with the atmosphere and losses
erties for fill/cut slope stability, slurry walls and backfill design or transformation during sample handling, transport, and analy-
for design of waste disposal facilities and remediation ofsis. Lewis et al(8) and Turriff and Klopp(9) describe special
contaminated soil and ground water, collection of spatiallysampling devices, preservation and handling procedures for
oriented cores to establish strike and dip of formation layeringninimizing loss of volatile constituents from soil samples.
and evaluate potential contaminant pathways in joint andChapelle(10) and Leach et al(11) describe procedures and
fracture systems (see 7.9.4). equipment for collecting soil samples that preserve anaerobic,
6.3 Sample RepresentativenesSoil samples from a reducing conditions. Some sampler materials or linter materials
known subsurface interval that do not preserve in situ structurahay be incompatible or possibly interfere with analysis of
properties, but for which other physical properties such asome chemical parameters. For example, stainless steel sam-
water content and particle size distribution or chemistry, omlers or liners generally should not be used when chromium is
combination thereof, are unaltered, are representative sampleme of the primary analytes of interest. Also, many plastic
Requirements for obtaining physically and chemically reprediners may absorb some of the volatile organic compounds
sentative samples may differ. For example, Group B soicommonly tested for during environmental investigations,
samples as defined in Practice D 4220 are physically represeresulting in biased data. Selecting the appropriate sample and
tative, but may not be chemically representative if the samplindiner materials before beginning field work is recommended to
technique, sampling device or containers result in chemicgbrevent down time and possibly the need to resample. Also,
alteration of the sample. Disturbed samples collected usintnilure to follow proper equipment decontamination proce-
thin-wall and thick-wall samplers usually give representativedures, such as described in Practice D 5088, may result in cross
samples for physical analysis. However, when drilling methodgontamination of soil samples.
involve drilling fluids, sample moisture content and chemistry 6.5 Nature of Geologic Materials-The type of geologic
may be altered. Borehole grab samples and drill cuttings magnaterial to be sampled is a primary consideration in selection
be representative if the sample collection method allowf sampling devices, and the ease or difficulty in obtaining an
precise determination of the sample interval, measures amndisturbed sample. Table 4 provides some general ratings on
taken to prevent mixing of material from other intervals, andsuitability of core sampling devices for different geologic
the drilling method does not alter sample characteristics (sematerials. In geotechnical investigations soils are often classi-
8.4). fied as cohesive (clays) and cohesionless (silt, sand and gravel),
6.4 Sample Chemical IntegritySoil samples collected for with the basic types differentiated based on density or consis-
chemical analysis usually do not need to preserve in sittiency (12). Table 5 provides criteria used to define density/

6
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TABLE 4 Suitability of Core Sampling Devices for Different Geologic Materials A

Note 1—Key: Ratings: E= excellent; G= good; F= fair; P = poor; NA = not applicable. Other: FB- face discharge; RBB- recessed bottom
discharge.

Sampler Type Soil/lUnconsolidated Material® Rock®
Fine-Grained Coarse, Cohesive Cohesionless? Soft Hard
Soft-Stiff Stiff-Hard Sand Gravel Loose Dense
Drive/Push Samplers
Thick-Wall E-G G-P E-G F-P F-P G-P NA NA
Thin-Wall E F-P G-F NA F-P P NA NA
Piston® E F-P G-F NA E-P P NA NA
Rotating Soil Core Samplers
Hollow-Stem Auger G-F E-G E-G F-P F-P G-P NA NA
Pitcher G-F E-G E-G G-P G-P E-P NA NA
Denison” G-F E-G E-G G-P F-P G-P NA NA
Rotating Rock Core Samplers®
Single Tube, FD NA NA NA NA NA NA F-P E-P
Double Tube RBD P P NA F-P NA G-P E E

A Ratings are for general guidance only. Performance of specific sampling devices can vary depending on the type of drill rig, diameter of the sampler and nature of the
geologic material.

B Refer to Table 5 to density/consistency terminology.

€ Soft rock includes shales, siltstone, and weakly cemented sandstone. Hard rock includes limestone, dolomite, and most igneous and metamorphic rocks.

P Loose cohesionless soils are difficult to recover with most drive/push sampling devices unless retainers are used, especially when saturated. Materials in this category
include saturated sensitive clays, silts and sands, sensitive organic silts, soft clays, unsaturated loose sands and silty sands. Very dense soil material is also difficult to
penetrate with most drive/push sampling devices. Examples of dense materials would include compact tills and weakly cemented soil/rock.

E Numerous types of piston samplers have been developed, but only a few are commercially available; many are effective in sampling saturated, cohesive soils, but have
varying effectiveness for sampling cohesionless soils.

F Denison sampler ratings are for soil sampling configuration with inner barrel advanced ahead of outer rotating core barrel. In the rock coring configuration ratings are
same as for double tube RBD sampler.

S Numerous types of single- and double-tube rotating core samplers are available, with specific designs and cutting heads selected based on rock hardness and degree
of jointing and fracturing.

" Only if gravels are very dense or cemented.

TABLE 5 Soil Terminology Related to Sample Device Selection ~ # same capabilities. Site geologic conditions and sampling needs
Range of Standard Range of Unconfined should be well enough defined beforehand that a rig capable of

) . Density or . - i . |
Basic Soil Types ¢ 1 ictency :g;g:;a;g; Cg;g:;fﬁg’e deploying the full range of appropriate sampling and backup
- - tools are selected. Procedures for collecting core samples using

Cohesionless  Very loose Less than 4 Not abpcable some drilling methods such as cable tool and solid stem auger
Medium dense 10 to 30 Not Applicable are relatively cumbersome compared to hollow-stem augers
\E/’ensg o 3t0 toth50 5 m prlli_cag:e and rotary drilling methods. Hollow-stem augers and rotary

ery dense reater than ot Applicable OTH . . .

Cohesive Very soft Lessthan2  Less than 0.25 kgem?  drilling methods (with and without casing advancement) are
Soft 2t0 4 0.2510 0.5 generally flexible in the types of sampling devices that can be
g"t?f?'“m stiff 84tt0185 2'3 :0 ;-8 used. Where deep holes are to be sampled, wireline sampling
very siift 15 1 30 501040 capabilities should be considered (see 7.2.2). Most drill rigs
Hard Greater than 30 Greater than 4.0 with rotary advancement capabilities allow use of rotating core

“Source: Adapted from USACE (12). samplers.
BN value (numbers of blows to advance standard split barrel 1 ft (0.3 m) using

Practice D 1586. Note 2—Refer to Shuter and Teasddl# for a description of coring

€Kglcm?= tons/ft?. Unconfined compressive strength (g,) may also be approxi- procedures using cable tool and solid stem augers.

mated using a pocket penetrometer or Torvane shear apparatus.

6.7 Sample Continuity-Continuous coring provides the
consistency classes basedMralues for standard penetration highest quality samples for lithologic logging of boreholes, but
test (see Practice D 1586) and unconfined compressivgenerally takes more time and consequently is more expensive
strength. Saturation increases the difficulty in sampling of althan intermittent sampling. Hollow stem auger continuous
unconsolidated materials, but especially sands. Cohesionlessring systems (see 7.6.3) vibratory/sonic coring, and conven-
well graded sands and sensitive, soft, low plasticity clays andional and wireline coring systems are commonly used ways
silts pose the greatest difficulties for collection of undisturbedfor collecting continuous cores. The most appropriate time for
samples. Where only representative samples are requiredollection of continuous cores is often during early stages of
retainers may improve sample recovery, especially in coheenvironmental investigations, but continuous coring may also
sionless soils. If other methods fail in clean sand, vibratorybe useful when defining the extent and pathways of a contami-
sonic or freezing followed by rotary coring may be required tonant plume. Both discrete and continuous sampling may be
obtain undisturbed samples of cohesionless sediments (sappropriate in the same borehole. For example, when investi-
7.9.3). In very dense unconsolidated materials (stiff to hardyating a contaminant plume downgradient of the source area,
clays, glacial tills), specially designed rotary core samplersliscrete sampling may be adequate above the zone of contami-
such as the Denison and Pitcher sampler, or a large-diameteation, while continuous coring may be desirable through the
rotary core may be required (see 7.6). contaminated zone. If the same cores are used for both logging

6.6 Drill Rig Characteristics—All drill rigs do not have the and testing, the full core should be described first. Most drilling

7
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methods provide the option of taking continuous or intermittento the material for short periods of time, so the material of
core samples. For investigations in relatively shallow unconmanufacture is not as critical for chemical interactions. Since
solidated material direct push systems allow continuous coringsolid liners will be stored for a period of time, the material of
Conventional single-tube rotary diamond drilling (see Practicesnanufacture for the liner is important for potential chemical
D 2113, and D 6151) and vibratory/sonic coring provide con-interactions. Laboratory tests should be scheduled and
tinuous cores in bedrock materials. If continuous cores argromptly performed to minimize storage time. In general, the
desired when using a hollow-stem auger, a continuous barrelile of thumb for selecting solid liner materials is metal for
sampler that advances with the auger as described in Guid#ganic chemical compounds and plastics for metals chemical
D 4700 and Practice D 6151 will generally be most efficient.analysis. Metal liners are frequently made of steel or brass, but
This system essentially functions as a double-tube rotating corean be made of aluminum or other metals. Stainless steel liners
sampler with the auger representing the outer tube and is abée difficult to machine and cut open and are more expensive.
to collect high quality cores even though the sampler construcStainless steel could be selected for samples to be extruded in
tion does not meet the requirements of a thin-wall samplerthe laboratory. All steel liners rust to some extent with time, so
Continuous cores can also be obtained using appropriaieon oxides will be present. Coating materials for steel (zinc
rotating core samplers with a rotary drill rig. oxides or lacquers) are not effective at preventing rust in soils

6.8 Sampler Materials-Stainless steel is generally the containing sands and gravels because the grains scratch
preferred material for sampler construction when sampling fothrough the material, but they may be effective in clay soils.
inorganic and organic chemical contaminants, unless liners asluminum liners will oxidize, but the tendency is to develop a
used. Other metals may be acceptable for chemical sampliri§in protective coating as opposed to iron which can be more
provided that there is no likelihood of chemical interactionmobile in the samples. Plastic liners are normally PVC or
between the soil material and the metal that would affecﬁcry”CS. Chemically inert materials such as Teflon should onIy
analytes of interest. Use of liners of the appropriate materiape required for highly reactive mixed wastes. Plastic liners tend

minimize contact of soil samples with the sampling device (se¢0 have high moisture transmission, making them unsuitable
6.9.3). for transporting samples for water content determinations.

6.9 Liners—Liners facilitate sample handling and storage. 6.10 Prevention of Cross ContaminatierOpen thin-wall
Key considerations in the selection of liners include type (splitand thick-wall samplers may cause cross-contamination of soil
or solid) and liner materials. samples by including material from a higher interval. Casing

6.9.1 Split liners are recommended for use when loggingtdvancement methods (including continuous sampling with a
and sampling for nonsensitive chemical constituents is bein%ollow-stem auger and double-tube vibratory/sonic drilling), or
done in the field. Split liners allow for easy handling andStable boreholes where the drilling method has a larger
inspection of samples. Most samplers with exception of th&liameter than the sampler help minimize cross-contamination
thin-wall tube can be designed to accommodate split liners. Of sample from above the water table. Temporary seals for the
6.9.2 Solid liners are often used when samples must bBarrel shoe that are pushed aside when the sampler enters the

preserved for later laboratory analysis or stored for Iatelso'l interval being sampled will prevent contact of the inside of

logging. When samples are being preserved for physical testind'® sampler with contaminated soil, soil gas or ground water as

they should be sealed and stored using methods in Practié%%d\;ﬁir;ﬁj’v;nrzl;?: E?Sogfg Iz(xgreoée.th\?cl)ze% O&i‘:;ﬂﬁ;’;’:g
D 4220 for shipment to the laboratory. When samples are bein P 9

. ) ; round water before collecting a sample, cross-contamination
collected for environmental chemical analysis they should b g P

preserved, stored, and transported using the procedures app%_deeper uncon_tammated soil samples may occur either as a
result of contaminated ground water entering the open tube as

priate for the analytes of concern. This can be accomplished b is lowered or by contact with the contaminated ground water

following Practice D 3694 for preparation of sample contalnersas the soil sample is pulled to the surface. Piston samplers

i i ituents or other ropri- ; R .
and for preservation of organic constituents or other approp esults in less cross-contamination than open thin-wall and

Ete procedures specified b_y the pllent or rggulatory_authont){.hick_wa” samples both above and below a water table. Piston
xamples of samplers with solid liners include ring-lined

sampler (see 7.5.1), pitcher (see 7.6.1), Denison (see 7.6 amplers used below the water table in contaminated aquifers
and rock core b;alr.reI’s (see 7.7). A thi.n—.wallll tube functions és.?mmd have gooq seals (O-rings or Ieath_er_ pgckmg_)_to prevent
liner if the ends are to be sealed for shipment. Sealing of linerd/ater from er]termg the sampler before Itis in posmon_.
should normally be performed by trimming away loose soil and 6-11 Experience and Skill of Driller/SamplerSampling
inserting moisture proof plugs or by cutting the liner flush to®auipment, even when appropriate for the type of materials and

the soil and capping the ends with moisture-proof materialyP& Of sample desired, can be damaged or fail, or sample
Liners should be strong enough to support the core duringt€grity compromised if the personnel collecting the sample
shipment. Liners should be round and matched to the tole@'® mexperlenc_ed, or use inappropriate procedures_ or methods.
ances of the sampler. The best tolerance is achieved when tkenversely, skilled personnel may be able to obtain adequate
core fits in the liner without an air gap, but also without S&mples using equipment that may not be optimal for the
excessive core friction. If the core is over cut by a clearancén@terial being sampled.

ratio that is too large, oxidation and biological growths may ] .

occur with sustained storage. 7. Core Sampling Devices

6.9.3 Liner Materials—With split liners, the core is exposed 7.1 This guide classifies core sampling devices into four
8



v D 6169

major categories thick-wall samplers (see 7.3), thin-wall samin materials that are too dense for push advancement provided
plers (see 7.4), rotating soil core samplers (see 7.6), anihat the driving force does not damage the sampler (generally
rotating rock core samplers (see 7.7). Piston samplers areup toN = 30). An advantage of drive sampling is that the blow
special type of thick-wall or thin-wall samplers in which the count (number of blows required to advance the sampler one
sampler is held in a fixed position and the cutting head idoot or fraction of a foot with 100 blows) is a useful indicator
advanced mechanically or hydraulically into the soil (see 7.5)of variations in lithology and density. Drive samples are almost
Thick-wall samplers can in turn be broadly classified as solicalways disturbed and not suitable for Group C and D samples.
o_r split barrel. Rotating core samplers are broadly_classmed as Note 3—The standard penetration test in Test Method D 1586 was
Smgle'tUb,e _and double-tube. Table . 6 summarizes generﬁgveloped primarily to determine penetration resistameof soils for
characteristics of these samplers (available advancement methgineering purposes. If N values are not essential for the purposes of an
ods and availability of liners). Many specific sampler designsgeoenvironmental investigations, modifications to Test Method D 1586
have been developed and adapted over the years. Nammsy be desirable to obtain samples. Such modifications may include use
applied to the same sampling device may vary regionally andf different si_ze barrels, sampl_e retainer_s, washing-in the sampler through
the same name may be applied to entirely different Samplinﬁa"e‘j materials, and use of different drive rods and hammer weghts
devices. When evaluating a specific sampler, specification 7.2.3 Rotation Sampling-Rotating core sampling advances
drawings or the sampler itself should be examined to determinghe sampler by cutting soil or rock material away from around
its type. Section 7.8 discusses some specialized samplers. the core using a circular cutting shoe. Advantages and disad-
7.2 Sampler Advancement Methedblethod of advance- vantages of rotating core sampling are discussed further in 7.6.
ment is an important consideration when selecting a sampling 7.2.4 Vibratory/Sonic Sampling-Vibratory/sonic drilling
device. Four major methods for advancing samplers are pusfsethods use variable frequency vibrations in some cases
drive, rotation, and vibration. coupled with hydraulic force or rotation to advance a thin-wall
7.2.1 Push Soil Sampling-Push sampling involves appli- or thick wall sampler into the ground, followed by an outer
cation of sufficient steady force to overcome soil resistance sgasing which maintains the borehole wall, prevents cross
that the sampler advances in a continuous motion. Pusgontamination and allows for the installation of monitoring
samplers are usually hydraulically driven but mechanicalyells and various borehole testing devices. Vibratory core
application using sufficient weight to advance the sampler isampling is a well established technique for sampling sub-
also possible. Push sampling is the method most commonlgerged sediments (see Guide D 4823). Although the basic
used for thin-wall samplers, but thick-wall samplers may alsaechnology for sonic or vibratory soil and rock sampling was
be advanced this way in soft materials. Push advancemegeveloped in the 1950s, relatively recent improvement in
results in the least disturbance of most soil materials and is th@esign, application, and reliability make it an attractive drilling
most common method used to obtain undisturbed core sampl@sethod for environmental investigatio$3, 14, 15) Sonic/
in soft materials. Highly plastic and compressible soil materialssibratory drilling is an effective method of collecting continu-
such as wet clays and organic silts are susceptible to distubus or intermittent large or small diameter core samples in all
bance even with push sampling. Push advancement is often ngpes of soil and rock, including thick unconsolidated gravel
feasible in gravelly and very dense soil materials. formations with cobbles and boulders, and saturated sand and
7.2.2 Drive Soil Sampling-Drive sampling advances the gravel below water table. Rock core samples that require use of
sampler by a series of discrete blows to the drill rods to whichajr or water to remove cuttings, can be collected to depths in
the sampler is attached. The standard weight drive assembgkcess of 500 ft (152 m) in most bedrock formations. Continu-
defined in Practice D 1586 consists of a 140-lb (63.5 kg)ous cores can be taken in increments of 1 through 20 ft (0.3
weight, a driving head and a guide permitting a free fall of 30through 6 m) or longer. In a drilling mode, vibratory/sonic rigs
in. (0.76 m) and is required whenever a standard penetratiogause disturbance of soil material, as a result of material being
test is being conducted. Use of drive assembly that depart frofjushed outward into the borehole wall or inward into the core
this standard may be acceptable for environmental investigaarrel, depending upon the formation, sampling criteria and bit
tions (see Note 3). Thick-wall samplers are most commonlyace design. Such samples are representative of the formation
used with drive sampling, but thin-wall samplers can be driverand many structure features survive, especially at the center
portion of the core sample. The degree of sample disturbance

TABLE 6 Classification and Examples of Core Sampling Devices can be reduced by reducing vibration frequency, reducing or
Sampler Type Advancement Method Liner eliminating rotation, and use of thinner wall sample barrels and
Drive Push Rotate Vibrate Drill  Wire- bits or cutting shoes that are tapered outward. Undisturbed soil
Rod line samples can be collected by pausing drilling and using a
Thick-Wall Samplers thin-wall sampler to collect a core in advance of the cutting
Solid X X ... X X X X :
Spiit o 2 7 X 3 X head of the outer casing.

Piston X X X (r;(re) X NoTe 4—Most soil sampling using vibratory drilling methods involves
Thin-Wall Samplers use of speci.allly designed dri[l rigs which can be converted for. many other
Standard X X ... X X X types of drilling and sampling methods, such as: hydraulic thin-wall
Piston . X . X o X samples, hydraulic and/or vibratory advancement of thick-wall samplers,
Rotating Soil and Rock Core hydraulic piston samplers, air hammer, air rotary drilling, wireline hard
Single Tube T X X X rock core drilling, tri-cone rotary drilling, dual was reverse air drilling,

Double Tube L. X X L X X X

and a dual wall casing advancement system using reverse air with
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vibrations and rotation. With the appropriate equipment, sonic/vibratoryfluids to prevent jamming of the latching mechanism by sands
rigs can also perform standard penetration tests. A direct push system hggow-in. The depth at which wireline core sampling becomes
been developed that uses vibration to collect small-diameter cores iH10re cost effective than drill-rod sampling typically ranges
nconsolidated materigl6). - )
! ! _ 4l6), o ) between 15 m (50 ft) to 45 m (150 ft). See 6.6.3 for discussion
7.2.5 Drill-Rod Versus Wireline SamplirgFor shallow o se of wireline samplers with a hollow-stem auger.

inve_stigations (generally less than 45 m (150 ft)) sampling 7.3 Thick-Wall Samplers-A thick-wall sampler is any type
devices are most commonly attached to a sufficient number chf bpen tube or, less commonly, piston sampler that is

drill rods to place the sample at the bottom of the hole. Once ) .
the sampler has been advanced a distance equal to the SamMRickness or wall ;:{rea to outer diameter ratio ,inner clearance
length, it is retrieved by pulling and disassembling the drill ~_° e S

rods. As the depth of the hole increases, the amount of tim atio, length exceed specifications for a thm—wal_l sampler (see
required to pull and replace the drill rod assembly increases. | able 2 and Table 7)'. Samples c_ollected W'th thick-wall
wireline sampling, an inner barrel is raised and lowered insidég(:“nerally do not qualify as physically undisturbed core
drill rods with a wireline and attached to the outer rotatingsamples'

casing/rod bit with an overshot latching mechanism (see Fig. 7-3-1 Types of Thick-Wall SamplersThe most common

1). Wireline soil push-core systems are also available, in whicfiypes of thick-wall samplers are the split barrel, also called
a spring provides the tension to keep a thin-wall tube some 8Plit spoon and ring-lined barrel, also called California barrel.
in. (150 mm) in front of the rotating bit. If an obstruction is The less common solid thick-wall samplers are either open-
encountered the spring retracts to allow the bit to drill througHube or piston-type (discussed in 7.5). Table 6 summarizes
or displace the obstruction, similar to a pitcher sampler (seéformation on methods of advancement for thick-wall sam-
7.6.1). Retrieval and reinsertion of a sampler with a wirelineplers. The diameter of thick-wall samplers used with drill rigs
system is faster than using a drill-rod assembly. The maidypically ranges from ¥2to 3 in. ( 37.5 to 75 mm), but larger
disadvantage of wireline systems is that the coring devices a@iameters up to 5 in. (125 mm) are possible. Fig. 2 shows the
more complex than conventional thick-wall and thin-wall specifications for a split-barrel sampler (also called split-spoon
samplers and hence are more expensive. Use of wirelineampler) used for the standard penetration test in Practice
systems to sample sands below the water table may requii2 1586. Thick-wall samplers can be used with liners, and a
special drilling techniques and extra care in managing drillinging-lined barrel sampler used without a thin-walled extension

|_— Wireline
-{—— Overshot
Assembly

o

Drill Pipe —1

poa

Latch Assembly

~—— |7 Inner Barrel |~ Spindle Bearing
and Adjustment
Assembly

_— Outer Barrel
and Pipe Casing

IPNZ N\

i//,Coring Bit

a) INNER BARREL BEING b) OBTAINING CORE, c) LIFTING INNER BARREL d) OUTER BARREL AND
LOWERED INTO POSI- OUTER BARREL ROTATING, AND CORE QUT OF HOLE CORING BIT REMAIN
TION INNER BARREL STATIONARY IN HOLE

FIG. 1 Operating Principle of Wireline Core Barrel (20)
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TABLE 7 General Recommendations for Thin-Wall, Open Push-Tube Sampling (24)

Soil type Moisture Consistency Length of Bit clearance Push tube sampler Recommendation for
condition push, in. ( cm) ratio, % recovery better recovery
Gravel Thin-wall, open push tube samplers not suitable
Sand Moist Dense 18 (45) 0to %2 Fair to poor
Sand Moist Loose 12 (30) Y2 Poor Recommend piston sampler
Sand Saturated Dense 18t0 24 (45t060) O Poor Recommend piston sampler
Sand Saturated Loose 12t0 18 (30to 45) O Poor Recommend piston sampler
Silt Moist Firm 18 (45) Y2 Fair to good
Silt Moist Soft 12to 18 (30 to 45) Y2 Fair
Silt Saturated Firm 18t024 (45t060) O Fair to poor Recommend piston sampler
Silt Saturated Soft 12t0 18 (30to 45) Oto ¥z Poor Recommend piston sampler
Clay and shale Dry to saturated Hard Thin wall, open push tube sampler not suitable Recommend double-tube sampler
Clay Moist Firm 18 (45) Y2101 Good
Clay Moist Soft 12t0 18 (30to 45) 1 Fair to good
Clay Saturated Firm 18t024 (45t060) Oto1l Good
Clay Saturated Soft 18t024 (45t060) Y2to1l Fair to poor Recommend piston sampler
Clay Wet to saturated  Expansive 18 to 44 (4510110 ) ¥2to 1-%2 Good
OPEN SHOE HEAD ROLLPIN
.l__/// /7 77 e 7T 77T 17 77 77 77 77\ ‘ A\
¥ £ ¥ \ WS
' C D~ i TR _
[
\ v v P\ ‘\ \\\\\\
T L Y S AT T T T 77 7 17 77 77 \\ \/ /NN \
\ ]
G |—A
¢ >
TUBE BALL VENT
B B - (2at 38 in.
< v diameter )

A=10to 201n. (25 to 50 mm)

B = 18.0 to 30.0 in. (0.457 to 0.762 m)

C = 1375 £ 0.005 in. (34.93 £ 0.13 mm)

D =150 0.05 - 0.00 in. (38.1 +1.3 - 0.0 mm)
E =010+ 002 in. (2.54 + 0.25 mm)

F=200+0.05 - 0.00 in. (50.8 +.1.3 - 0.0 mm)
G =16.0"t0 23.0°

The ! 1/2 in. (38 mm) inside diameter split barre{
may be used with a 16-gage wall thickness split liner
The penetrating end of the drive shoe may be
slightly rounded. Metal or plastic retainers may
be used to retain soil samples.

FIG. 2 Thick-Wall Sampler (see Test Method D 1586)

falls in this category (see Fig. 3). Refer to Practice D 3550 for 7.3.3.1 Not suitable for collection of samples for laboratory

procedures using this sampler. tests requiring undisturbed soil.
7.3.2 Applications—See 7.5 for applications of piston sam- 7.3.3.2 Ineffective recovery in cohesionless sands unless
plers. retainer is used.

7.3.2.1 Collection of representative samples from cohesive 7.3.3.3 Recovery and quality below water table may be a
sands, silts and clays for textural analysis and analysis gbroblem.

chemical constituents. 7.4 Thin-Wall Samplers-Thin-walled samplers meet the
7.3.2.2 Assessing engineering properties using standatiteria for samplers that collect undisturbed samples in Table
penetration test (see Practice D 1586). 2.
7.3.3 Limitations: 7.4.1 Types of Thin-Wall SamplersThin-wall samplers are
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Note 2—Dimensional tolerance of D; = +0.003 in. (£0.08 mm)

FIG. 3 Ring-Line Sampler (see Practice D 3550)

either open tube or piston-type (discussed in 7.4). Table ®enison or Pitcher sampler).

summarizes information on methods of advancement for thin- 7.5 Piston Samplers-There are both thin-wall and, less
wall samplers, and Table 7 provides general recommendatiortsmmonly, thick-wall piston samplers, but the basic operation
for length of push and bit-clearance ratio for sampling differentof both types of samplers is the same. Piston samplers have
types of unconsolidated materials. Thin-walled samplers argeveral features that overcome limitations to open tube sam-
typically 3 in. (75 mm) in diameter, but can range up to 5 in.plers: the core barrel is closed until the sampler is in position,
(125 mm). Fig. 4 illustrates key parameters specified inveducing sample contamination from drilling mud and caved
Practice D 1587 for thin-wall samplers. borehole material, provided that a good seal is maintained

Note 5—The term “Shelby tube” sampler is often used for open—tubeusmg, O-rings or other packing material; the vacuum Cre_ated by
thin-wall samplers. The “Shelby Tubing” sampler was developed in 193dhe piston helps retain materials that may not be retained by
at the request of A. Casagrande. The name derived from the trade name fop€n tube Samplers.
hard-drawn seamless steel tubing manufactured by National Tube Com- 7.5.1 Types of Piston SamplersPiston samplers are of two
pany. Hvorsle\(1) introduced the more generic term of thin-wall sampler. major types. Fixed-piston or stationary-piston samples hold the

7.4.2 Applications—See 7.5 for applications of piston sam- piston rigidly in its initial position as the tube advances.
plers. Various terms may be applied to piston samplers that are not

7.4.2.1 Collection of undisturbed cores in silty and clayeyfixed: free-piston, semifixed-piston and free-floating. With
sands (> 12 % fines), or silts and clays above the water table fahese samplers the piston is locked in place while the sampler
laboratory testing of in situ physical and hydraulic propertiesis advanced to the point that the sample is to be collected. The
Collection of samples below the water table may require use gbiston is then unlocked and the sampler advanced as the piston
retainers (see 7.9.1) that may cause some sample disturbanoests on the sample entering the tube. The disadvantage of this

7.4.2.2 Collection of samples for chemical analysis. Samarrangement compared to a fixed-piston samplers is that some
pling for sensitive chemical constituents will require specialcompaction of the upper part of the sample may occur. The

handling procedures (see 6.4). retractable plug sampler is a variant of this the free piston
7.4.2.3 Collection of high quality cores for visual descrip- design, except that the plug is retracted and fixed before the
tion. sampler is advanced to collect a core. Drill-rod driven fixed

7.4.2.4 Aring-lined sampler can be used to collect undispiston samplers come in two basic types. Mechanically-
turbed samples in soft clays when used with a thin-wallactivated samplers, such as the Hvorslev sampler uses an inner
extension (see Fig. 3). rod that extends to the surface that is used to fix the position of
7.4.3 Limitations: the piston with the force used to push the sampler applied at the
7.4.3.1 Ineffective in cohesionless sands or gravelly soil. ground surface (see Fig. 5). Hydraulically-activated samplers,
7.4.3.2 May not be able to penetrate dense shildQ'to 30) called hydraulic-piston or Osterberg-type samplers use the drill
without driving with consequent sample disturbance (or useod to fix the position of the piston and fluid under pressure to

Length as Specified in Method
'Ji" Gage as e 1"min =]
min Specified ||
Og O; /)_"{p Dg
l = =
i |
Inside Clearance Ratio = OcDe A% dia (min)
De Mounting Holes

FIG. 4 Thin-Wall Sampler (see Practice D 1587)
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advance the sampler (see Fig. 6). Hydraulic piston samplers are .- \ L R
faster and easier to use than mechanically-activated samplers b Y semple =4 L
because use of piston rods is eliminated and it is easier to g - \ .

assemble, operate and disassemble. A disadvantage of S

hydraulic-piston samplers is that it is not possible to limit the (8

length of push or determine the amount of partial sampler ,

penetration during the push. Direct push sampling systems ::, ﬁ:::.:'ﬁf\,r::&:g;gsziz,t:clfgs

commonly use free-piston core samplers. Foil samplers are a (¢) fFuLLy EXTENDED SAMPLE TUBE

specialized type of piston sampler that encases the core in

metal foil as the tube advances. AN
7.5.2 Applications: ©
7.5.2.1 Fixed-piston samplers are used to collect undis- g g Sampling With Osterberg-Type Thin-Wall Fixed-Piston

turbed or representative samples in saturated soils, cohesion- Sampler (24)
less soils, or very soft soils where core recovery is poor with
open tube samplers. pitcher sampler, the outer barrel may advance ahead of the

7.5.2.2 Free-piston samplers are used to collect representaner barrel. When the distance between the inner and outer
tive samples in situations similar to open tube samplers, and tharrels is fixed, as in the case of the Denison and hollow-stem
prevent contact of contaminated ground water with the insidauger, the lead distance of the inner barrel may need to be
of the sampler prior to collection of a sample (alternativeadjusted, depending on the denseness of the material being
sealing methods may be available for open-tube samplers-seampled. Increasing the lead distance reduces contamination of
6.9). the sample by drilling fluids. The three most commonly used

7.5.3 Limitations: types of rotating soil core samplers are the pitcher, Denison,

7.5.3.1 Sample collection is more time consuming than withand hollow-stem auger. These samples and their applications
open tube samplers (more so for mechanical fixed-piston thaare described below.

for hydraulic fixed-piston). 7.6.1 The Pitcher sampler a consists of a spring-loaded
7.5.3.2 More complex construction increases possibility ofstationary inner core barrel with a rotating outer barrel and
malfunction. carbide bit which cuts away materials outside and behind the

7.6 Rotating Soil Core SamplersRotating soil core sam- inner barrel while the shoe is advanced by pushing it into the
plers advance by cutting away soil material using a circulamaterial ahead of the bit. As the density of the material
cutting bit as the shoe of the stationary inner core barreincreases, the rotating barrel moves closer to the advancing
advances into the soil. The rotating cutting bit is typically tube (see Fig. 7). Inner liners can be used with a pitcher
carbide, although large-diameter diamond core barrels magampler. It is especially useful for coring stratified material of
also be used in soil material. In the case of the hollow-stenvarying density, especially firm to very stiff clay and dense
auger, the auger itself functions as the rotating outer barrel (sesands.

7.6.3). Normally the inner barrel advances ahead of the outer 7.6.2 The Denison sampler functions either as a soil or rock
rotating core barrel, but spring-loaded samplers, such as thetary core sampler, depending on how it is configured. In the
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Gravelly sand

Soft shale

Sand

Sandy silt

Hard rock

(Note retreat of the Sheiby tube
into sampler when hard rock
is encountered)

FIG. 7 Pitcher Sampler Operation: Inner Thin-Wall Barrel Extends Beyond Cutting Bit in Soft Formations ( A) and Retracts into Cutting
Barrel When Dense Formation is Encountered (  B) (7)

soil-core configuration it is similar to the pitcher sampler, with ”
an inner tube and liner that is pushed ahead of the cutting bit

which cuts away material outside of and behind the sampling —
tube (see Fig. 8). In the rock-core configuration the cutting bit
is ahead of the sampling tube and cuts a smaller diameter core
which then fits into the sampling tube. It is used to collect
undisturbed samples in materials that are too dense for a
thin-wall sampler.

7.6.3 Continuous hollow-stem auger sampling, where an
inner barrel advances with the auger, functions as a double wall
rotating core sampler (see Fig. 9). In this configuration
continuous, high-quality soil cores can be obtained. The inner

..

P h e e
FIG. 9 Hollow-Stem Auger Continuous Sample Tube System (see
Guide D 4700 and Practice D 6151)

core barrel can be advanced using either drill rods or a wireline
system. The advantage of wireline systems is that the sampler
can be emplaced and retrieved more quickly than drill-rod-
attached samplers. However, wireline latching systems may be
less effective in keeping the sampler from rotating than
drill-rod-attached samplers, resulting in more sample distur-
bance.

7.6.4 Vibratory/Sonic Soil SamplirgAs described in 7.2.4,
vibratory/sonic rigs operated in a rotational mode function as
rotating core soil samplers when soil samples are collected in
an inner core barrel during drilling advancement.

7.7 Rotating Rock Core SamplersRotating core samplers
advance by cutting away soil or rock material from around the
core using a circular cutting bit. Major types of bits include
carbide (for soft rock), surface-set-diamond and impregnated-
FIG. 8 Denison Sampler in Soil Sampling Configuration With diamond bits. These samplers can be advanced using drill rods

Inner Core Barrel Ahead of Rotating Sawtooth Bit (23) (often called conventional coring—see Practice D 2113), using
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wireline systems (see 7.2.5), or using vibratory/sonic coring
(see 7.2.4).

7.7.1 Types of Rock Core Samplerdwo basic designs of
rotating rock core samplers are single-tube, where drilling fluid
circulates around the core (see Fig. 10), and double-tube where
the drilling fluid circulates between the two walls of the core
barrel, avoiding direct contact with the core. Single-tube
core-barrels are used primarily to core concrete and soil cement
and are rarely used at the present time for coring rock. For
conventional diamond core drilling, DCDMAL7) has stan-
dardized dimensions for four series of rock core barrels (WG,
WT, WM and large diameter (refer to Practice D 2113 for
summary information on bit and casing sizes)). Rigid-type
conventional double-tube core barrels provide an inner barrel
that rotates with the outer barrel providing protection from
drilling fluid but may cause core abrasion by torsional forces
(see Fig. 114)). Swivel-type double-tube core barrels permit
rotation of the outer barrel without causing rotation of the inner
barrel, and are required when collecting undisturbed cores (see
Fig. 11()). Most double-tube core barrel inner tubes can be
replaced with a split inner tube, which allow visual inspection
and transfer of cores with a minimum of disturbance. Triple
tube core barrels are modified double-tube barrels with the core
received by a split tube inside a solid inner tube. This
configuration reduces possible penetration of drilling fluid
along the split tube. A wide variety of wireline core barrel FIG. 11 G-Design Double Tube Core Barrels: ( A) Rigid Type and
systems are available, with most functioning in a manner (B) Swivel Type (25)
similar to the conventional swivel-type double-tube barrels.

The core lifter, which helps retain the core when the sampler igir rotary advancement that allowed recovery of uncontami-
retrieved, is mounted in the inner barrel, usually in a specianated cores in unsaturated volcanic tuff.

piece called the “lifter case” in the WM series and in all 7.7.2 Applications:

wireline systems. In the WG and WT series double barrels, the 7.7.2.1 Single-Tube-Collection of continuous high quality
lifter in on the bit, similar to a single tube, and rotates with thecores in concrete and soil-cement for visual description.

bit and outer barrel. Wireline systems are typically used with 7.7.2.2 Double-Tube, Swivel-TypeCollection of undis-
fluid rotary drill rigs, which can create problems with drilling turbed cores in rock formations for laboratory testing of in situ
fluid contamination of cores even when double-tube coreédhysical and hydraulic properties and chemical analysis. This
samplers are used. Teasdale and Pembet8) described type, with a split inner liner is recommended for most coring

modifications to a standard triple-tube wireline core barrel foroperations. Continuous rotary coring results in generally com-
parable rates of hole advancement to other direct rotary drilling

: }Lv methods, but the need to replace rotary core bits more
CORE BARREL HEAD

CORE BARREL CORE BARREL
HEAD HEAD

VENT
GREASE PLUG
THRUST BEARING

I WATER COURSES

INNER HEAD

VENT HOLE
INNER BARREL

INNER BARREL OUTER BARREL

OUTER BARREL

}— REAMING SHELL :
|-~ REAMING SHELL

CORE LIFTER CORE LIFTER

-— CORE 8IT IS +— CORE BIT

frequently means that overall costs are commonly higher.
7.7.2.3Triple Tube or Large Diameter Double-Tube,
Swivel-Type-Collection of undisturbed cores in friable, erod-
ible, soluble or highly fractured rock formations for laboratory
testing of in situ physical and hydraulic properties.
7.7.3 Limitations:
BARREL OUTER TUBE 7.7.3.1 Vibration and rotation may alter in situ physical
properties of the core.
7.7.3.2 Dirilling fluids may alter sample physical and chemi-
cal properties (mainly a problem with single tube samplers, but
depending on the design double-tube cores may also be
affected).
7.7.3.3 Cores collected using air rotary are not suitable for
measurement of in situ moisture content because of drying.
\ 7.7.3.4 Single-tube cores are not suitable for Class C
- ] {——— REAMING SHELL Samples.

‘ CORE LIFTER 7.8 Other Specialized SamplerdNumerous specialized
LB —coreerr core samplers that are variants or operate on quite different
FIG. 10 G-Design Single Tube Core Barrel (25) principles from the major types of samplers described in this
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guide. Driscoll (19) describes a side-wall core sampler thatcollect samples from well-defined intervals, in which case they
uses a special gun to discharge small core barrels (usuallpjay be considered representative for characterization of physi-
about 1%4 in. (44.5 mm) long and¥1s to 1 in. (20.6 to 25.4 cal properties such as particle size distribution and chemical
mm) in diameter) into the sidewall. After being fired electri- analysis for nonsensitive constituents (see 8.4).

cally, the cores, which remain attached to the gun, are retrieved 8 2 Borehole Grab SamplersNumerous types of grab
by the wireline used to lower the gun. It is used to collectsamplers are available for use with drill rigs. Features common
representative samples to verify material present at a certag these samplers are that they advance by rotation using some
depth when cuttings are the primary method for lithologictype of cutting shoe or head that breaks up the soil material
description of a borehole. The rubber sleeve rock core barrgiefore it moves into the portion of the device that retains the
adapts the principle of the foil sampler to a rotating rock coresample. Terms used to describe such samplers is quite variable.
sampler. O’'Rourke et al20) should be referred to for more The terms pocket- or spoon-type sampler is often applied to
detailed information on these and other specialized samplergammerS used with drill rigs that are similar to thick-wall
such as foil samplers. o _ _ samplers except they have a spiral or lwan-type cutting shoe
7.9 Ancillary and Specialized Sampling Techniqees ather than a circular cutting shoe. Such samplers are usually
Various techniques may be used in conjunction with variougseq with solid stem augers to clean out loose cuttings prior to
sampling de\_/lces to improve retention of cores in the Sa”_‘p“”%ore sampling(7). The terms door- or window-type may be
tube when difficult materials are sampled. Except for retamersapp“ed to larger diameter samplers of this type used with drill

these specialized technigues are not routinely used in envirorprgS which are used to sample gravels and s@ts Sidewall
mental investigations, but may have applicability for speC|aI—grab samplers that scrape the side of a borehole (as distinct

ized situations. Refer to Hvorslev (1949) and O'Rourke et algqm the sidewall core samplers described in 7.8) have also
(20) for additional information on these and other specialized,oan, develope@1, 22)

sampling techniques.

7.9.1 Retainers are devices that expand to allow the core tﬁ?}
enter the tube and then close to keep the sample in place. Maj
types of retainers include the basket and finger types. Fig.
illustrates use of a basket retainer with a Denison sampleﬁ

Retainers are commonly used with split-barrel drive sampler t .
recover representative samples of sand. ucket augerg12). Augers can be used to collect disturbed

7.9.2 Chemical solidification is used in cohesionless sandiPresentative samples. Practice D 1452 describes sampl_lng
and involves injection of grout either into the bottom of the procedures_wnh augers. Barre| and bucket augers can provide
sample and letting the grout solidify before the sampler iJepresentative samples for laboratory analysis of non-structural

withdrawn. Specialized grouts may be required for fine SanthYSical.and chemical characteristics provided conditions de_-
and silts. The major disadvantage of this method is that th§¢fiPed in 8.4 are met. Where contaminated ground-water is
grout alters the physical and chemical characteristics of thB'€S€Nt, use of augers without casing advancement may result
lower part of the core. This technique is used primarily for™ Cross-contamination of soil samples.
engineering studies. 8.3 Cuttings—Cuttings collected from fluid rotary in un-
7.9.3 Freezing is the method of last resort for collectingcased holes and return from auger flights provide the poorest
undisturbed samples of clean cohesionless soils (gravelly soi4ality because it is difficult to relate the sample to a particular
and saturated clean sands). Freezing can be either used ifgerval in the subsurface. When fluid rotary is used it is very
solidify the bottom of the core after penetration, or a largedifficult to capture any clay or silt fraction when drilling soil.
portion of the strata, which is then cored. This technique isThese particle sizes either do not settle out of the fluid or
used primarily for engineering studies. remain in suspension for long periods of time, even when clear
7.9.4 Conventional swivel-type rotating rock core samplergvater is the fluid. It is not generally practical to pass the fluid
may result in some rotation of the core, preventing preciséeturn through a screen or sieve with small enough opening to
interpretation of strike and dip of sedimentary structures an@apture these particle sizes. When clay based mud is used, it is
fracture orientations. Collection of oriented cores requiregmpossible. Consequently, cutting or wash samples understate
special sampling devices that include scribing tools and phoany fines content. Air rotary with casing advancement, dual
tography or charts systems that document the core’s orientavall reverse circulation rotary and cable tool cuttings provide
tion. O'Rourke et al.(20) described several such coring the best quality samples because it is easiest to relate cutting to

8.2.1 Augers that retain the sample inside the device rather
an on the surface of the device, as with helical-type or
§piral—type augers, fall in the category of borehole grab
amplers. Examples of such augers include barrel augers, such
s the Vicksburg solid and hinged and McCart split auger, and

systems. a specific depth interval. Collection of cuttings during continu-
) _ ous air and fluid rotary drilling results in nonrepresentative
8. Other Borehole Sampling Devices and Methods samples because differently sized particles from the same

8.1 Two major types of non-core sampling devices orinterval tend to advance to the surface with the drilling fluid at
methods with drill rigs are available: rotating grab samplerdifferent speeds. Such samples may provide acceptable litho-
with cutting heads that destroy the structural features of théogic data provided that drill bit diameter and drilling fluid flow
sample, and cuttings from various drilling methods. Samplesate are controlled to maintain optimum uphole velocity of
collected using these methods are generally considered to loaittings and rate of advancement is carefully docume(igd
nonrepresentative, and hence suitable only for lithologic logSuch samples would still be nonrepresentative for purposes of
ging unless sample collection procedures are designed faboratory analysis. The appendix identifies additional major
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references on use of drill cuttings for lithologic and hydrogeo-hasn’t broken up larger particles into smaller particles) and the
logic interpretations. diameter of the sampler is larger than the largest particle in the
8.4 Collection of Non-Core Representative Samph&xill interval. Drill cuttings can be considered representative if
cuttings samples are unsuitable for most of the specifi¢asing advancement occurs and drilling advances and cuttings
sampling objectives presented in Table 1 for coring devicesare collected incrementally. This requires pausing of drilling
but may be suitable for some purposes. Major properties foafter each increment of advancement (typically 1 to 2 ft (to 0.3
which it may be possible to obtain representative samples using 0.6 mm)) and circulation of fluids until all cuttings have
non-coring methods include grain-size distribution, mineral-heen removed before drilling begins for the next interval. As

ogy, stable chemical constituents (unless drilling fluids causg;ith use of grab samplers, any reduction in particle size by the
interferences), and lithology. Basic requirements for collectionyyiii bit will result in a nonrepresentative sample.

of representative non-core samples for these purposes include
accurate placement of the depth interval from which the sampl
is collected and prevention of mixing of the sample with
materials from other intervals. This generally requires ad- 9.1 drilling; environmental site characterization; explora-
vancement of a casing as drilling proceeds. With casingion; feasibility studies; field investigations; geological inves-
advancement, samples collected using grab samplers can tigations; ground water; hydrologic investigations; reconnais-
considered representative provided that the drilling method hagance surveys; sampling; site characterization; site
not modified the textural characteristics of the soil (that is,nvestigations; soil surveys; subsurface investigations

8. Keywords

APPENDIX
(Nonmandatory Information)

X1. MAJOR NON-ASTM REFERENCES ON SOIL AND ROCK SAMPLING

X1.1 Geoenvironmental InvestigationShuter and Teas- techniques for soft or poorly consolidated materials, and
dale (7) is recommended as the primary reference on coringncludes descriptions of many less-well-known sampling de-
and sampling techniques for hydrogeologic and other environvices and techniques.
mental investigations. Other useful references include: Aller et

; X1.3 Rotary Diamond Drilling—Rotary diamond drilling is
fgéﬁgggg':g;gn (eltga;l(ig)ﬁrB;r;eltt(zeé)alézuld)éCaa:]rgpéa ggs?;ir a drilling method that by definition also collects core samples.

The primary reference on specifications for diamond core drills
(29), Roscoe Moss Compar(0), and U.S. EPA31) is DCDMA (17). Major references that focus on diamond

X1.2 Geotechnical InvestigationsExcept as noted in the drilling include: Christensen Diamon@#3), Cumming and
note for Test Method D 1586, sampling devices and technique¥/ickland (44), Heinz(25), and World Oil(45). Anderson(46)
developed for geotechnical investigations are applicable téocusses on methods for analyzing cores.
environmental investigations. Two classic references with this . . ;

. : X1.4 Wireline Operations—API| (47) is the most compre-
focus, Acker(32) and Hvorslev(, 33)are out of print. Major nensive reference that focuses on wireline drilling and sam-
government-agency references that give guidance on so li :

. o C i ing operations.
sampling for geotechnical investigations include: Bureau o
Reclamatior(24, 34) AASHTO (35), USACE(12, 36, 37, 38) X1.5 Logging and Sampling of Drill CuttingsShuter and
Marcuson and Franklif39), and U.S. Naval Facilities Engi- Teasdalg7) provide guidance on logging of drill cuttings for
neering Command40). Additional useful major references environmental investigations. Other major references on this
include: ISSMFE(41), Mori (42), and O’Rourke et al(20), topic include: Hooper and Early48), Johnson UOR49),
which provides an excellent discussion of core recoveryMaher(50), Matlock et al.(51), and Steven$52).
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