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Chapter 1 design of a proposed engineering project. The design of
Introduction the proposed project demands an accurate knowledge of

the subsurface conditions and the physical and engineer-
ing properties of the foundation materials. The least
disturbed “undisturbed” samples are required to determine
1-1. Purpose these properties. Extreme care in the application of sam-
pling methods is demanded to obtain the highest quality

This manual is a discussion of the principles, equipment, . qisturbed samples.

procedures, and limitations for obtaining, handling, and

preserving soil samples for geotechnical investigations inpaner sampling of soils and soft or weathered rocks is a
support of civil and military projects. It is not a compre- compination of science and art. No single sampling
hensive textbook on soil sampling; the treatment of this yeyice or procedure will produce satisfactory samples in
subject cannot be substituted for actual experience.) materials. Different devices and techniques have been
Rather, it is a summary of commonly accepted soil sSam- e\ ejoped for drilling and sampling geotechnical materials
pling practices and procedures which are intended 10r5n4ing from soils to rocks. Although many procedures
assist geotechnical personnel performing actual fieldp, e peen standardized, modifications of techniques are
operations or those personnel functioning as contractinGsfien dictated by specific investigation requirements. The
officers’ representatives. In most instances, equipment,jgnest quality samples are often obtained at the least cost
apd procggjures must be tailored to individual projects andby using a variety of equipment and techniques applied
site conditions. with experience and sound judgment as dictated by the
o soil type and subsurface conditions.

1-2. Applicability

. : . . 1-6. Organization and Scope
This manual is applicable to HQUSACE elements, major
subordinate commands, districts, laboratories, and fieldryis manual establishes guidance for conducting soil

operating activities. sampling operations and handling and storage of samples
obtained in support of geotechnical investigations for civil
1-3. References and military projects. It is not meant to be an inflexible

) ) description of investigation requirements. Other tech-
The material presented hgrem has 'b'een drawn from ManY\iques may be applied as appropriate. Only those soil
sources. Wherever possible, specific refer'ences are C'tegampling and handling and storage methods which District
by the surname of the author(s) or performing agency and, pjvision staff offices can be reasonably expected to
date of publication. ~ Appendix A contains a list of gmpioy have been included. In general, in situ testing
required and related publications. methods are not included herein.

In general, the procedures and practices have been takeGhapter 2 provides guidance for sampling requirements
from the experience of the U.S. Army Engineer Divisions, and suggests types of sampling devices which are best
Districts, and Laboratories, the U.S. Naval Civil Engineer- suited to obtain samples of various soil types encountered
ing Laboratory, the U.S. Bureau of Reclamation, standardsduring geotechnical investigations in support of civil and

obtained from the American Society for Testing and military projects. Chapter 3 discusses drilling equipment
Materials (ASTM), and published literature, including that is commonly used during field subsurface investiga-
textbooks, conference proceedings, periodicals, and protions. Chapter 4 discusses drilling fluids and additives to

fessional journals. enhance drilling and sampling operations. Chapters 5 and
6 present equipment and procedures for obtaining undis-
1-4. Rescission turbed soil samples from boreholes. Chapters 7 and 8

present equipment and procedures for obtaining disturbed
This manual supersedes EM 1110-2-1907, dated 31 Marctsoil samples from boreholes. Chapters 9 and 10 provide

1972. guidance for coring frozen soils and underwater sampling
of soils, respectively. Chapter 11 provides guidance for
1-5. Background obtaining samples from test pits, trenches, and accessible

borings. Chapter 12 suggests procedures for obtaining
Soil sampling operations are routinely conducted in sup-representative samples from stockpiles and transportation
port of geotechnical investigations to determine thoseunits. Chapter 13 presents guidance for borehole logging
conditions that affect the safety, cost effectiveness, and

11
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and the handling and storage of samples. Chapter 14operations for geotechnical investigations. Appendix E
offers guidance for backfilling boreholes and excavations. provides a methodology for visual classification of soil.
Appendix A lists the references cited in the manual; a

bibliography of publications related to sampling opera- This manual does not purport to address all of the safety
tions and procedures is also contained in this appendixproblems associated with its use or the requirements for
Appendix B presents procedures for conducting the Stan-sampling, handling, transporting, and storing soils known
dard Penetration Test and obtaining disturbed sampleor suspected to be contaminated with toxic or hazardous
with the split-barrel sampling device. Appendix C dis- materials. It is the responsibility of the user of this man-
cusses the use of the Becker hammer drill as an in situual to establish appropriate safety and health practices and
test for assessing the geotechnical engineering propertieto determine the applicability of regulatory limitations
of gravelly soils. Appendix D suggests a procedure for prior to its use.

freezing ground artificially prior to soil sampling
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Chapter 2 trenches, or by drilling and sampling to obtain cores or
Sampling Requirements cuttings. Table 2-1 lists direct methods of subsurface

investigations. Test pits and trenches probably offer the

best method for observing in situ conditions and obtaining

_ high quality undisturbed samples. A two- or three-dimen-

2-1. Introduction sional profile of the subsurface strata can be obtained by
o L ) L examination of the walls and floor of the excavation.

The principal objective of a subsurface investigation is to However, test pits and trenches are generally not econom-

define the geotechnical engineering characteristics, i”CIUdically feasible at depths, especially below the groundwater
ing permeability, compressibility, and shear strength, of ;o

each identifiable soil or rock stratum within a limited

areal extent and depth, depending upon .the size of thesqre drilling is a fairly economical method for obtaining
proposed structure. A secondary objective may be t0rgnresentative samples at depth. Disturbed samples can
identify and correlate the geology and stratigraphy of like |, ptained by augering, percussion, and wash boring
materials. The investigation should be planned within this ,othods: undisturbed samples can be obtained by employ-
context to 'account for appropriate foqndation f':md earth-ing undisturbed sampling methods which include push
works design, temporary works design, environmentaly,pe samples and rotary core barrel samples. The poten-
effects, existing construction, remedial works, and safetyyis| for predicting in situ behavior based upon disturbed

checks. These criteria should also be considered for thesampies is limited because the effects of sampling distur-
evaluation of the feasibility and suitability of a particular p,nce are not totally clear. As compared to the profile

site. obtained from test pits and trenches, only a one-dimen-

, L o o sional profile can be obtained from cores and cuttings
To fuffill the objectives of the site investigation, the study ¢,m pboreholes.

may be subdivided into five phases: preliminary studies,
field subsurface investigation, laboratory testing, reporting,

s y My TR Disturbed samples from stockpiles and storage bins can be
and proposals. The field subsurface investigation is the

) e ¢ obtained from hand-excavated trenches or by using power
only phase which falls within the scope of this manual. equipment. The sampling methods and procedures are
Preliminary studies, which include the review of published gipijar to those methods and procedures which are used

literature, maps, and photographs, and field reconnais+q, obtaining samples from in situ formations. When

sance, are described in EM 1110-1-1804 and other refergampies are obtained from stockpiles and storage bins,
ences such as Bell (1987a); Clayton, Simons, and

_ S _ ~special care is needed to ensure that the samples are rep-
Matthews (1982); Dowding (1979); Mathewson (1981); reqentative, as segregation may occur as a result of the

and Winterkorn and Fang (1975). The laboratory testing naterial handling procedures which are employed, i.e.,

phase is discussed in EM 1110-2-1906. A comprenensive,qarser and finer particles tend to segregate as cohesion-
list of references cited in this manual are presented inoqq spils are end dumped from a conveyor belt.

Appendix A. Final reports and proposals are addressed
elsewhere. 2-2. Sample Quality
The compreheqsive field supsurface investigation. can beyyorslev (1949) defined the quality of samples as repre-
executed by using data obtained by remote sensing techgeniative or nonrepresentative. He defined nonrepresenta-
niques, such as geophysical methods described N6 samples as mixtures of soil and rock from different
EM 1110-1-1802; by indirect observations which include |avers He further suggested that nonrepresentative sam-
in situ tests; such as pressuremeter, cone penetration, anfles are normally not useful in site investigations and
plate bearing tests; and by direct observations whichemphasized that serious errors of interpretation of the soil
include cores, test pits gnd trenches, and shafts and ad't%rofile could result due to the mixing of soil cuttings.
as Well as field reconnaissance. Alt'hough thg most eCO-Nonrepresentative samples are produced by wash boring
nomical and thorough subsurface investigation can beg.q bailing and by some types of augering. Hvorslev
condupted by |ntegrat|ng alllof the;e technologles, only defined representative samples as those materials which
the direct observation techniques, i.e., drilling and Sam-may have been remolded or the moisture content may
pling methods, are discussed herein. have changed, although the materials were not chemically
i , " altered or contaminated by particles from other layers.
Direct observation of subsurface conditions can be Representative samples may be obtained by a variety of

obtained by examination of formations through the use Oftechniques, depending upon the quality of sample desired.
accessible excavations, such as shafts, tunnels, test pits, or

2-1
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Disturbed samples can be obtained by augers, samplingpproved the use of larger area ratios provided that cut-
spoons, and thick- and thin-walled sampling tubes. Dis-ting edge taper angles were changed. The Committee
turbed samples are primarily used for moisture content,suggested that as area ratios were increased from 5 to
Atterberg limits, specific gravity, sieve analysis or grain- 20 percent, the edge taper angles should be decreased
size distribution, and compaction characteristics. Strengthfrom 15 to 9 degrees (deg).
and deformation tests may be conducted on reconstituted
(remolded) specimens of the disturbed materials. Tests on  b. Inside clearance ratio Friction between the soil
remolded samples are used to predict the behavior ofsample and inside wall of the sample tube may be
compacted embankments and backfills.  Undisturbedreduced by cutting the diameter of the sample slightly
samples have been subjected to relatively little disturbancesmaller than the inside diameter of the sample tube. The
and may be obtained from borings using push-type orinside clearance ratio, or swadge, is defined as
rotary-core samplers. High-quality undisturbed samples
may be obtained by hand trimming block samples from D -D
test pits and trenches. Undisturbed samples are useful for  C; = = ° (2-2)
strength, compressibility, and permeability tests of the e
foundation materials.
where D, is the inside diameter of sampling tube. The
2-3. Parameters Which Affect Sample inside diameter of sampling tube and the internal diameter
Disturbance of the cutting shoe are illustrated conceptually in Fig-
ure 2-1. Hvorslev suggested that ratios of 0 to | percent
Hvorslev (1949) defined several critical factors which may be used for very short samples, values of 0.5 to
could cause disturbance of the soil during sampling opera-3 percent could be used for medium length samples, and
tions. These parameters include area or kerf ratio, frictionlarger ratios may be needed for longer samples. For most
between the sampling tube and the soil, the length-to-soils, an inside clearance ratio of 0.75 to 1.5 percent is
diameter ratio of the sample, sampler driving techniques,suggested for samples with a length-to-diameter ratio of
stress relief, and failure to recover a sample. 6 to 8, i.e., medium length samples. However, the clear-
ance ratio should be adjusted as required by the character
a. Area ratio Hvorslev stated that the area ratio, of the soil.
C,, may be the most significant single factor which could

influence the quality of the undisturbed sample. He c. Outside clearance ratio The outside wall friction
defined the area ratio as may also influence the quality of the soil sample. Severe
wall friction may be transmitted to the soil lying beneath
D.2_-D.2 the bottom of the sampler, and a bearing capacity failure
C = W—Ze (2-1) could result. If a bearing capacity failure occurred during
D, the sampling operations, the material entering the tube

could be rendered useless even for visual examination.
The practical range for outside clearance ratios should be

where less than 2 to 3 percent for cohesive soils and zero for
cohesionless soils, although these values may require
D, = external diameter of the cutting shoe adjustment for the character of the soil. The outside
clearance ratioC,, is defined as
D. = internal diameter of the cutting shoe
Dw B Dl
The internal and external diameter of the cutting shoe are G, = —D (2-3)

illustrated conceptually in Figure 2-1. Permissible area t
ratios depend upon the soil type, its strength and sensitiv-

ity, and the purpose of the sampling operations. Hvorslevwhere D, is the outside diameter of sampling tube. The
suggested that area ratios should be kept to a minimunmoutside diameter of sampling tube and the external diame-
value, preferably less than 10 to 15 percent. However,ter of the cutting shoe are illustrated conceptually in
small area ratios result in fragile sample tubes which mayFigure 2-1.

bend or buckle during sampling operations. To permit the

use of larger area ratio tubes, the International Society for d. Length-to-diameter ratio The maximum length
Soil Mechanics and Foundations Engineering (1966)for an undisturbed sample which can be obtained in a

2-2
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single sampling operation is dependent upon the type of  (2) Suction below the sample tube results as the tube
soil, the sampler, the rate and uniformity of penetration, is pulled from the soil deposit. Several techniques,
the inside clearance ratio, and the depth below the groundncluding the use of a piston sampler which opposes with
surface. Suggested ratios of length to diameter of thea vacuum or suction as the sample tends to slide from the
sample should be limited to 5 to 10 for cohesionless soilstube, enhance the length and degree of sample recovery.
and 10 to 20 for cohesive soils, although these ratios may
vary as a result of the variables encountered and the type (3) The tensile strength of the soil must be overcome
of sampler employed. The diameter of the sample shouldto separate the soil sample from the soil deposit. This
be selected based upon the type of soil, the laboratoryseparation may be accomplished by rotating the sampling
requirements, and practical considerations, such as availtube one or two revolutions to shear the sample at the
ability of equipment. base of the cutting shoe. Other techniques are: (a) allow-
ing a short rest period after sampling to permit the soil to
e. Advancing the sample tube The method of swell and increase adhesion with the wall of the sample
advancing the sample tube affects the disturbance of thdube, (b) slight overdriving which increases sample distur-
soil. Driving the sample tube by hammering causes thebance but simultaneously increases adhesion between the
greatest amount of disturbance. Pushing the samplingsample and sample tube wall, and (c) the use of core
tube with a fast, continuous, uniform motion is recom- catchers. It should be noted that core catchers tend to
mended as a suitable method of advancing the sampléncrease the disturbance around the edge of the sample.
tube in most soils. The area ratio of the cutting shoe may also have to be
increased to accommodate the core catcher.
f. Stress relief Stress relief can result in base
heave, caving, and piping in the borehole. The borehole (4) Remolding of soils adjacent to the sampler walls
may be stabilized by using water, drilling mud, or casing. may reduce the chances of recovery, especially for sensi-
Water is the least effective method. It works by reducing tive soils. A small area ratio and cutting edge with
the effective stresses along the sides and bottom of théncreased swage taper may be essential to obtain quality
borehole and decreasing the groundwater flow into thesamples of many soils.
borehole. Although this method may not be successful
for many soils, it may work well in soft cohesive alluvial Hvorslev (1949) attempted to conduct a qualitative assess-
deposits. Drilling mud, which usually consists of benton- ment of sampling disturbance by the use of a ratio of the
ite mixed with water in a ratio by weight of approxi- length of the recovered sample to the length of the sample
mately 1:15 to 1:20, has several advantages over waterdrive or push. He called this quantity “recovery ratio.”
The unit weight of drilling mud is slightly higher than the Although the recovery ratio is probably an index of sam-
unit weight of water and thus reduces the effective ple quality, many variables affected the ratio. Unfortu-
stresses within the subsurface formations. The drilling nately, Hvorslev was unable to isolate the criteria required
mud forms a filter or wall cake which reduces seepage asto assess sample disturbance using the recovery ratio
well as the rate and amount of swelling for water sensi- concept.
tive deposits. Disadvantages include increased costs and
the need for disposal of the drilling mud after the drilling Disturbance which occurs after sampling may result from
operations have been completed. Steel casing can also ba change of water content, moisture migration within the
used to prevent wall collapse but may disturb the soil sample, the penetration of voids by wax used to seal the
formation during its placement. The use of casing may sample, vibrations during the transport of samples, freez-
be limited by economic considerations. ing of silt or clay samples, chemical reaction between the
soil sample and the tube, or disturbance caused by extrud-
g. Sample recovery Poor sample recovery may be ing the sample from the tube.
the most serious result of sample disturbance and may be
dependent on a number of factors which include: It is important that practices are adopted to obtain the
highest quality sample at the least cost. Undisturbed
(1) Increased pressure at the top of the sample due tsampling should be conducted in a manner to minimize:
improper venting of the sample tube during sampling (a) changes of void ratio and water content, (b) mechani-
operations. The pressure tends to force the soil from thecal disturbance of the soil structure, and (c) changes of
tube as the sample is extracted from the boring. stress conditions. Efforts should also be undertaken to
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eliminate other causes of disturbance, such as chemicahbove the sample during sampling operations and a
changes, caused by prolonged storage in metal containerslecrease of pressure caused by sample retention during
A summary of the principal causes of soil disturbance is the withdrawal of the sampling tube from the borehole

presented in Table 2-2. may also influence the quality of the sample. Hence,
open-tube samplers are generally not recommended for
2-4. Selection of Sampling Apparatus to Obtain undisturbed sampling operations.

Undisturbed Samples
(2) Piston samplers Pistons have been incorporated
Although the least disturbed samples are probablyinto sampler designs to prevent soil from entering the
obtained by the hand trimming method in test pits and sampling tube before the sampling depth is attained and to
trenches using the advanced trimming technique, the depthheduce sample loss during withdrawal of the sampling
at which samples can be obtained economically usuallytube and sample. The vacuum which is formed by the
limits the use of test pits for sampling operations. Conse-movement of the piston away from the end of the sam-
qguently, other sampling techniques must be employed.pling tube during sampling operations tends to increase
Two basic types of sampling apparatus which have beenthe length to diameter ratio. The advantages of the piston
developed are (i) push-tube samplers and (ii) core barrelsamplers include: debris is prevented from entering the
samplers. Additional details describing equipment and sampling tube prior to sampling; excess soil is prevented
procedures for undisturbed sampling operations are disfrom entering the sampling tube during sampling; and
cussed in Chapters 5 and 6, respectively. sample quality and recovery is increased. Hvorslev
(1949) stated that the fixed-piston sampler “has more
a. Push-tube samplers Push-tube samplers are advantages and comes closer to fulfilling the requirements
pushed into the soil without rotation. The volume of soil for an all-purpose sampler than any other type.” The
which is displaced by the sampling tube is compacted orprincipal disadvantages of piston samplers include
compressed into the surrounding soils. Thin-walled push-increased complexity and cost.
tube samplers can be subdivided into two broad groups:
open-tube samplers and piston samplers. Open-tube samFhree general types of piston samplers are free-piston
plers consist of open tubes which admit soil as soon assamplers, fixed-piston samplers, and retractable-piston
they are brought in contact with it. Many open samplers samplers.
have a ball check valve located in the sampler head which
connects the sample tube to the drill string. The purpose (a) Free-piston samplers have an internal piston
of the check valve is to help retain the sample in the which may be clamped during insertion or withdrawal of
sampling tube during extraction. Piston samplers have athe sampling tube. During actual sampling operations, the
piston located within the sampler tube. The piston helpspiston is free to move with respect to the ground level
to keep drilling fluid and soil cuttings out of the sampling and sample tube. Free-piston samplers have overcome
tube as the sampler is lowered into the borehole. It alsomany of the shortcomings of open-tube samplers while
helps to retain the sample in the sampling tube. remaining easy to use. Principal advantages include: the
sample tube can be pushed through debris to the desired
(1) Open-tube samplers Open-tube samplers for sampling depth and the piston creates a vacuum on the
undisturbed sampling are thin-walled tubes. The thin-top of the sample which assists in obtaining increased
walled open-tube push sampler consists of a Shelby tubesample recovery.
affixed to the sampler head with Allen head screws as
suggested by ASTM D 1587-74 (ASTM 1993). Most (b) To obtain a sample with a fixed-piston sampler,
tubes are drawn to provide a suitable inside clearancethe sampling apparatus is lowered to the desired level of
The cutting edge of the sampling tubes is normally sharp-sampling with the piston fixed at the bottom of the sam-
ened. Thin-walled sample tubes may be easily damagegling tube. The piston is then freed from the sampler
by buckling, blunting, or tearing of the cutting edge as head, although it remains fixed relative to the ground
they are advanced into stiff or stony soils. Open-tube surface, i.e., it can be affixed to the drill rig. The sample
samplers have advantages due to cheapness, ruggedness,obtained, and the piston is again clamped relative to the
and simplicity of operation. The disadvantages include sampler head prior to the removal of the sample and
the potential for obtaining nonrepresentative samplessampling tube from the borehole. The Osterberg sampler
because of improper cleaning of the borehole or collapseand the Hvorslev sampler are fixed-piston samplers com-
of the sides of the borehole. An increase of pressuremonly used by the Corps of Engineers.
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(c) The retractable-piston sampler uses the piston tobefore being discharged through ports inside the cutting
prevent unwanted debris from entering the sample tubeface of the bit. A modification of this technique is to dis-
while the sampler is lowered to the desired sampling charge the drilling fluid through ports located on the face
depth. Prior to the sampling operation, the piston is of the bit, i.e., bottom discharge bit. A spring catcher is
retracted to the top of the tube. However, this operationfrequently used to prevent loss of the core during the
may cause soil to flow upward into the tube; if this extraction process. The triple-tube core barrel consists of
occurs, the quality of the sample is suspect. Thea double-tube core barrel which has been modified to
retractable piston sampler is not recommended for undis-accept a sample liner. The liner reduces the potential
turbed sampling operations. damage to the core as the sample is extracted from the

inner tube. The liner also serves as a container to ship

(d) A modified form of the fixed-piston sampler is the core.
the foil or stockinette sampler. The principle of operation
is similar to the fixed-piston sampler. As the sample is Core barrel samplers have a larger area ratio and inside
obtained, the piston retracts from the sampler head, and &learance ratio than are generally accepted for push-tube
sliding liner, which is attached to the piston, unrolls from samplers. The larger area ratio may be considered advan-
its housing located within the sampler head. The foil or tageous as it decreases the stress at the cutting bit during
stockinette sampler was designed to obtain samples wittthe drilling operations. However, the larger inside clear-
an increased length-to-diameter ratio by reducing friction ance ratio may not provide adequate support to the sam-
between the sample and the wall of the sampling tube.ple. During the drilling operations, the sample may be
Long samples can provide a more comprehensive underdamaged by vibrations of the rotating core barrel.
standing of a complex soil mass, such as varved clay.Another disadvantage is that although the inner core bar-
This type of sampler has also been used to obtain samplesel may protect the core from erosion by the drilling fluid,
of soft clay and peat. The principal disadvantages of thewater sensitive formations may be continuously in contact
foil or stockinette sampler include large operating with the drilling fluid.
expenses and increased potential of sample disturbance
due to the larger area ratio of the cutting shoe. ExamplesTwo principal types of double- or triple-tube core barrel
of the sampler included the Swedish foil sampler and thesamplers include the Denison sampler and the Pitcher
Delft stocking sampler. sampler.

b. Core barrel samplers Rotary core-barrel sam- (1) The Denison core barrel sampler consists of an
plers were originally designed for sampling rock, although inner liner, an inner barrel with an attached cutting edge,
a variety of rotary samplers have been developed to samand an outer rotating barrel with attached cutting teeth.
ple materials from hard soils to soft rock. The principle The protrusion of the inner barrel must be adjusted in
of operation consists of rotating a cutting bit and applying advance of the drilling operations for the anticipated stiff-
a downward force from the ground surface with a drill ness of the soil to be sampled. It can precede the cutting
rig. As the cutting edge is advanced, the sample tube isteeth for soft soils or can be flush with the cutting teeth
pushed over the sample. Dirilling fluid, such as air or for stiffer soils. The principal disadvantage of this type
drilling mud, is used to cool the drill bit and remove the of sampler is that the protrusion of the inner tube must be
cuttings from the face of the bit. selected in advance of the drilling operations. To over-

come this problem, core barrel samplers with a spring-
Rotary core-barrel samplers have evolved from a single-mounted inner barrel such as the Pitcher sampler, were
tube sampler to double- and triple-tube samplers. Thedeveloped.
rotation of the core barrel of the single-tube sampler
during the coring process presented a high potential for (2) The Pitcher sampler consists of an inner barrel
shearing the sample along planes of weakness. Thewhich is a thin-walled sample tube with a cutting edge.
design of the single-tube core barrel also exposed the cor@he tube is affixed to an inner sampler head. The outer
to erosion or degradation by the drilling fluid which was rotating barrel has a cutting bit attached. After the sam-
passed along its entire length. The double- and triple-tubepler has been lowered into the borehole but before it has
core barrels were designed to minimize these problemsbeen seated on the soil, debris can be flushed from the
The double-tube core barrel sampler consists of an innersample tube by drilling fluid which is passed down the
stationary tube and an outer tube which attaches the cutdrill rods through the inner barrel. Once the inner tube is
ting bit to the drill rods. Drilling fluid is pumped through seated, drilling fluid is passed between the inner and outer
the drill rods and between the inner and outer barrelstubes. A spring-loaded inner head assembly governs the
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lead of the inner tube cutting edge with respect to the Experimental data demonstrated that the freezing method
cutting bit. For softer formations, the cutting edge of the could be used to obtain laboratory samples which main-
sample tube precedes the cutting bit. For stiffer soils, thetained the in situ characteristics, including applied stress
cutting edge of the tube may be flush with the cutting bit. conditions.
Although it has been observed in practice that alternating
soil and rock layers may frequently damage the rather (6) Schneider, Chameau, and Leonards (1989)
light sampling tube, this sampler may be used in forma- reported a study to assess impregnation as a method for
tions of variable hardness where the push-tube samplestabilizing cohesionless soils prior to conducting
cannot penetrate the formation and the rotary core-barrelundisturbed sampling operations. They suggested that the
sampler does not protect the sample from erosion by theimpregnating material should readily penetrate the soil
drilling fluid. and must be easily and effectively removed at a later date.
They also reported that impregnation of soil was fairly
c. Sand samplers Obtaining high-quality undis- expensive and rather difficult to execute. Because of
turbed samples of sand has been rather elusive. Hvorslethese considerations and limitations, Schneider, Chameau,
(1949) suggested several methods including the use ofind Leonards stated that chemical impregnation of soil
thin-walled fixed-piston samplers in mudded holes, open-has been generally limited to the laboratory environment,
tube samplers using compressed air, in situ freezing, andalthough they concluded that the technology could be
impregnation. readily applied to the field environment.

(1) The U.S. Army Engineer Waterways Experiment Although the technology is somewhat limited, data are
Station (1952) and Marcuson and Franklin (1979) reportedavailable which indicate that high-quality undisturbed
studies using the thin-walled fixed-piston sampler. Pre-samples of sand can be obtained. However, the sampling
and post-sampling densities were compared. Generallyfechniqgues must be tailored to the characteristics of the
loose samples were denser and dense samples wef®rmation and the requirements of the investigation.
looser. Furthermore, the allowable degree of disturbance to the

“undisturbed” samples must be considered.

(2) Bishop (1948) developed a sampler for sand. A
differential pressure was employed to enhance the capabilThe highest quality undisturbed samples of medium to
ity of retaining the sample in the sampling tube. fine sands can be obtained by hand trimming or in situ

freezing and core drilling. For shallow depths above the

(3) Torrey, Dunbar, and Peterson (1988) reported angroundwater table, high quality samples can be obtained
investigation of point bar deposits along the Mississippi by hand trimming methods using the cylinder with
River. The Osterberg fixed-piston sampler was used toadvanced trimming technique. Below the groundwater
obtain samples of fine sand below the water table.table, in situ freezing with core drilling is a method which
Although data were not available regarding the degree ofcan be used to obtain high-quality samples. Another
disturbance, it was judged that high-quality samples weremethod which yields good quality samples of sand below
obtained based upon the comparison of all test resultsthe water table is the use of the fixed-piston sampler in a
including in situ tests, nuclear density tests, the examina-mudded borehole. For dry formations, impregnation of
tion of x-ray records for all undisturbed samples, labora- the material to be sampled may be the most suitable
tory tests, and data from previous potamology studies. method for obtaining undisturbed samples. For coarser

sands and gravelly soils, methods which are similar to the

(4) Seed et al. (1982) reported an investigation of the methods for sampling medium to fine sands can be used.
effects of sampling disturbance on the cyclic strength It is suggested that the minimum diameter of the sample
characteristics of sands. They determined that themust be at least six times larger than the size of the
Hvorslev fixed-piston sampler caused density changes/argest particle.
whereas the advanced trimming and block sampling tech-
nigues caused little change in density, although some dis-The geotechnical engineer or engineering geologist should
turbance due to stress relief was reported. be aware that hand trimming samples, in situ freezing and

coring, or impregnation of the material to be sampled is

(5) Singh, Seed, and Chan (1982) reported a labora-expensive. The additional costs must be considered
tory study of techniques for obtaining undisturbed samplesbefore the investigation is begun. If the hand trimming
of sands. Unidirectional freezing with no impedance of method is selected, cribbing and shoring of the walls of
drainage was followed by rotary core barrel sampling. the excavation may be needed. If in situ freezing is
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selected, the formation must be free draining and the fieldborings must be judged depending upon the site variabil-
freezing procedures must be designed to ensure that théy. For reservoirs, the depths of borings may be consid-
freezing front advances one dimensionally. The costs anderable to define the limits of impermeable soil.

logistics of the additional field support equipment should
also be considered.

If impregnation is used, coordinationHvorslev (1949) suggested the following general consider-

with the laboratory is mandatory to ensure that the ations for planning the subsurface investigation:

impregnation material can be removed prior to laboratory
testing.

d. Selection of sampling deviceThe data which are
presented in Table 2-3 may be used as a preliminary
guide for selecting a sampling apparatus and/or method
for obtaining undisturbed samples of various materials.
However, other factors, such as soil conditions, equipment
availability, costs, and operator experience, may dictate
the selection of an alternative sampling apparatus.

2-5. Borehole Layout, Depth and Interval of
Sampling, and Sample Diameter

The borehole layout, sampling interval, and depth of
samples are controlled to a major extent by the complex-
ity of the geological conditions, the availability of equip-
ment, and the type of project and its size. There are no
hard and fast rules stating the number and depth of sam-
ples for a particular geotechnical investigation. Although
considerable knowledge of the geological conditions may
be available from the preliminary studies, including the
review of the literature, maps, photographs, and the site
reconnaissance, the site investigation is frequently a “learn
as you go” operation. A guide for planning the boring
program is suggested in the following paragraphs. The
user is reminded, however, that each boring and sampling
program must be planned and executed within monetary
constraints with appropriate consideration given to other
variables which may affect the site investigation.

Most geotechnical investigations fall into one of the fol-
lowing categories, or combination of categories, depend-
ing upon the size of the project:

a. Small isolated structures, such as houses. One
borehole may be sufficient, especially if a number of
small structures are placed relatively close together and
the geology does not vary significantly over the site.

b. Compact projects, such as buildings and landslides.
The borings may be relatively deep and closely spaced.

c. Extended projects such as highways, airport run-
ways, electrical powerlines and pipelines, and reservoirs.
Except for reservoirs, the borings may be relatively shal-
low and widely spaced. The spacing or frequency of the

“The borings should be extended to strata of adequate
bearing capacity and should penetrate all
deposits which are unsuitable for foundation purposes
- such as unconsolidated fill, peat, organic silt and
very soft and compressible clay. The soft strata
should be penetrated even when they are covered
with a surface layer of high bearing capacity. When
structures are to be founded on clay and other mater-
ials with adequate strength to support the structure
but subject to consolidation by an increase in the
load, the borings should penetrate the compressible
strata or be extended to such a depth that the stress
increase for still deeper strata is reduced to values so
small that the corresponding consolidation of these
strata will not materially influence the settlement of
the proposed structure.

Except in the case of very heavy loads or when seep-
age or other considerations are governing, the borings
may be stopped when rock is encountered or after a
short penetration into strata of exceptional bearing
capacity and stiffness, provided it is known from
explorations in the vicinity or the general stratigraphy
of the area that these strata have adequate thickness
or are underlain by still stronger formations. When
these conditions are not fulfilled, some of the borings
must be extended until it has been established that the
strong strata have adequate thickness irrespective of
the character of the underlaying material.

When the structure is to be founded on rock, it must
be verified that bedrock and not boulders have been
encountered, and it is advisable to extend one or
more borings from 10 to 20 ft into solid rock in order
to determine the extent and character of the
weathered zone of the rock.

In regions where rock or strata of exceptional bearing
capacity are found at relatively shallow depths - say
from 100 to 150 ft - it is advisable to extend at least
one of the borings to such strata, even when other
considerations may indicate that a smaller depth
would be sufficient. The additional information

thereby obtained is valuable insurance against
unexpected developments and against overlooking
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foundation methods and types which may be more program. This program is not intended to be a rigid
economical than those first considered. requirement for Corps’ geotechnical site investigations. It
is suggested merely as guide for preliminary planning of
The depth requirements should be reconsidered, wherthe boring and sampling program. Although the data in
results of the first borings are available, and it is this table suggests only undisturbed sampling operations,
often possible to reduce the depth of subsequent borcommon sense directs that some general sample (dis-
ings or to confine detailed and special explorations to turbed) borings are needed to guide the planning for the
particular strata.” more expensive undisturbed sampling locations, depths,
and sampling intervals. The final boring program should
The primary exploratory borings should provide nearly be sufficiently flexible to permit geotechnical personnel to
continuous samples for classification and logging. How- obtain a comprehensive understanding of the site, includ-
ever, sampling plans should be flexible to permit samplesing anomalies or other features, while operating within
to be obtained for specific testing requirements or to budget and time constraints.
answer questions regarding stratification changes, anoma-
lies, etc. Although the boring plan and sampling interval Table 2-5 provides the project engineer with guidance for
is the responsibility of the geotechnical personnel, field selecting the appropriate diameter of sample or core
conditions may demand that the inspector and the drill rig which is compatible with the desired laboratory tests on
operator use judgment and modify the investigation to undisturbed specimens or the required weight of material
obtain complete and comprehensive information on thefor tests on reconstituted soil specimens. A small speci-
site conditions. Changes to the program, i.e., depth ofmen should be taken from the bottom of each undisturbed
borings, number of borings, and spacing of boreholes,sample. This material may be used for classification and
may be required, depending upon the subsurface condiwater content determinations. Although the small speci-
tions which are encountered. men may not represent the entire sample, a descriptive log
of the boring and these specimens provide a basis for
Table 2-4 is presented as a preliminary guide for geo-assigning laboratory tests.
technical personnel for planning the boring and sampling
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Table 2-1

Direct Observation of Subsurface Conditions (after U.S. Department of the Interior, Bureau of Reclamation 1974)

Method

Type of Excavation
or Boring

Remarks

In Situ Examination

Boring and Drilling
Techniques

Test pits/trenches

Large bored shafts,
tunnels, and drifts

Borehole cameras

Hand augering

Light percussion
(Shell and auger)

Power auger drilling

Wash boring

Rotary core drilling

Excavation can be dug by hand or machine. The depth is usually limited
to the depth of the water table. Shoring and cribbing are required for
depths greater than approximately 1.2 m (3.9 ft).

The excavation is fairly expensive. There may be a smear zone due to
augering. Limitations may include confined working space and difficulty of
identifying discontinuities.

Dry hole is necessary to permit the examination of joints.

Light, portable method of sampling soft to stiff soils near the ground
surface.

In clays, steel tube is dropped; soil is wedged inside. In granular soils,
water is placed in bottom of cased borehole. Shell is surged to loosen the
soil which precipitates in a tube on top of the shell.

Bucket or auger is connected to drill rods. Torque is transmitted to auger
by the kelly. Flight augers (continuous- or short-flight) may be hollow- or
solid-stem. Soils may be mixed and nonrepresentative. Heavy downward
pressure disturbs soils in advance of the auger.

Soil particles are eroded and moved to the surface by jetting water from a
bit at the base of the drill string. The drill rod is continuously rotated and
surged as the borehole is advanced. Soils may be mixed and
nonrepresentative.

Combined action of downward force and rotary action. Most common
equipment is a core barrel fitted with a cutting bit. Modifications to rotary
core drilling method include open-drive samplers and piston samplers.
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Table 2-2
Causes of Soil Disturbance

Before Sampling

During Sampling

After Sampling

Base heave
Piping

Caving
Swelling
Stress relief
Displacement

Failure to recover

Mixing or segregation
Remolding

Stress relief
Displacement

Stones along cutting edge

Chemical changes

Migration of moisture

Changes of water content

Stress relief

Freezing

Overheating

Vibration

Disturbance caused during extrusion

Disturbance caused during transporta-
tion and handling

Disturbance caused due to storage

Disturbance caused during sample
preparation

Table 2-3

Guide for Selecting Sampler for Obtaining High Quality Undisturbed Samples

Soil Type

Suggested Sampler Type or Method

Very soft cohesive soils
Organic soils

Varved clays

Soft-to-medium cohesive soils

Fine-to-medium sands above the water table

Fine-to-medium sands below the water table

Alternating layers of soil and rock
Hard or dense cohesive soils
Rock

Stockinette sampler, foil sampler, or fixed-piston sampler

Fixed-piston sampler

Hand trimming using the cylinder with advanced
trimming technique

Fixed-piston sampler in a cased and/or mudded borehole

In situ freezing and coring
Fixed-piston sampler in a mudded borehole

Rotary core-barrel sampler
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Table 2-5
Minimum Sample Diameter or Dry Weight for Selected Laboratory Tests
Minimum Sample Minimum Dry
Diameter* Weight*

Sample Type Test cm in. kg b

Undisturbed Unit weight 7.6 3.0 - -
Permeability 7.6 3.0 - -
Consolidation 12.7 5.0 - -
Triaxial compression 12.7 5.0? -
Unconfined compression 7.6 3.0 - -
Direct shear 12.7 5.0 - -

Disturbed Water content 0.2 0.5
Atterberg limits - 0.2 0.5
Shrinkage limits 0.2 0.5
Specific gravity - 0.1 0.2
Grain-size analysis 0.2 0.5

Reconstituted Standard compaction 135 30.0
Permeability - 0.9 2.0
10.2-cm-diam consolidation 0.9 2.0
Direct shear - 0.9 2.0
3.6-cm-diam triaxial (4 points) 0.9 2.0
7.2-cm-diam triaxial (4 points) 4.5 10.0

15-, 30-, or 38-cm-diam triaxial

(4 points)
Vibrated density

Coordinate with laboratory
Coordinate with laboratory

* All particles pass the U.S. Standard Sieve No 4 (3.8 mm)

2 Triaxial test specimens are prepared by cutting a short section of a 12.7- cm- (5-in.-) diam sample axially into four quadrants and trimming
each quadrant to the proper size. The material from three quadrants can be used for three tests representing the same depth. The mater-

ial from the fourth quadrant is usually preserved for a check test.
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Figure 2-1. Parameters which affect sample disturbance: a schematic of a sampling tube and
cutting shoe (after Hvorslev 1949)
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Chapter 3 electric motors. A drive train which consists of gears or
Drill Rigs and Appurtenant Equipment hydraulic pumps is used to convert the power supply to

speed and torque for hoisting and rotating the drilling
equipment. Most units have a transmission which allows
4 to 8 speeds for hoisting and drilling. In general, the
hoisting capacity of the drill rig governs the depth of the
borehole. A rule of thumb for selecting the power source
is the horsepower which is required to hoist the drill rods
should be about three times the horsepower which is

3-1. Introduction

A number of commercially available drill rigs and acces-
sories are satisfactory for performing conventional drilling

and sampling operations or for conducting in situ tests. required to turn the drill string. For high elevations, the

Although some types of drill rigs are more readily o\er |oss is about 3 percent for each 300 meters (m) or
adapted to specific work, the selection of the drill rig and 1 g0 feet (ft) above sea level.

appurtenant equipment is usually based upon the require-
ments of the geotechnical investigation. Factors which
may affect the selection include site accessibility, the type
or hardness of material to be sampled and the degree o

disturbance which is acceptable, equipment availability, cooling the bit. Compressed air has been used to a lim-

time and mobilization costs, the number of personnéljq extent, especially for water sensitive formations.

required, plant rental costs, etc. A discussion of various cjear.ater and bentonite-based drilling muds are the
types of drill rigs and accessories and appurtenant €quipy ok horses for geotechnical investigations.  Drilling
ment, including those apparatus to advance and stabiliz i4s are discussed in Chapter 4.

the borehole, is presented in this chapter. The discussion
of sampling devices is presented in Chapters 5 through 8. 14 irculate driling mud, a pump and hoses, a water

swivel, and a settling system are required. The two most
common types of pumps that are available are the pro-

. . - gressive cavity type and the triplex piston type. Both
Drill rigs vary from small electric motors to large oil field types of pumps can be used for driling mud or clear

rigs. The basic elements of an aboveground drill rig are .- pressures ranging from O to 4.5 megapascals

the power source or motor, a pump or air compressor for(MPa) or 0 to 650 pounds per square inch (psi) at flow-
circulating drilling fluid to the bit and cleaning the bore- 4o of 0 to 130 cubic decimeters per minute Ydnin)

hole, a drill head, hoisting drums and cables', a derrick', Aor 0 to 35 gallons per minute (gpm) are needed for most
mounting platform or deck, and assorted equipment whichyeqechnical drilling operations. The progressive cavity
mclgdes one or more ham.mers for driving apd removing (o Moyno) pump is used for most geotechnical opera-
casing, a portable mud pit, racks for stacking the drill o5 |t can pump drilling mud in great capacities at low
rods and samples, and small tools for coupling or UNCcoup-prassures. The efficiency of the pump is about 80 per-

ling and hoisting the drill string, etc. A discussion of the .ot Eor deep borings or when a high-efficiency pump is
basic c'omponents .of commonly used drill rigs is pre- needed, the piston pump can be used. The pumping sys-
sented in the following paragraphs. tem is usually mounted as a part of the drill rig using the
. same power source although a separate pump system can
a. Power source A power source or mOtOr IS pe sed, depending on the requirements of the investiga-
required to operate a drive weight mechanism for percus-jon and the capabilities of the drill rig. The accessories
sion or churn drilling or to provide rotary motion to turn hih are needed depend upon whether compressed air or
augers and coring equipment for rotary drilling operations. gyijjing mud is used. If drilling mud is used, a settling pit
Other requirements include operating a winch for raising js needed to permit the cuttings to settle before the drill-
and lowering the drilling and sampling equipment, provid- g fid is recirculated. The design of the settling pit
ing downward pressure for pushing boring and sampling may pe very crude or sophisticated. However, portable

equipment, or lifting and dropping a hammer to drive 4 pits which are illustrated in Figures 4-5 and 4-6 have
casing or sampling equipment. For most drilling and peenysed with success for geotechnical investigations. If
sampling operations, the power source is the power takeétompressed air is used, the upward flow is ejected
off from the truck motor on wh|ch.the dn_IImg_ machme is through a vent at the top of the borehole into a hose to a
mounted or from a separate engine which is assigned oty cione or collector buckets. Other accessories which are

attached as an integral component of the drilling rig. Itis hecessary include low-pressure and/or high-pressure swiv-
e_stlmated t_hat 90 percent of the motors are gasolmg Olgls, hoses, and pop-off valves. If the swivel which is
diesel engines and 10 percent are compressed air or

b. Fluid pump and accessoriesDrilling fluid, such
as compressed air or drilling mud, is required for remov-
fng the cuttings from the drill bit and the borehole and

3-2. Drill Rigs
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mounted on the chucked rod is used for hoisting, it should2-1/2 m (8 ft) differential between the top of the borehole
be heavy duty to ensure that it will not break as the drill and the groundwater table to support walls of the bore-
string is lowered into or removed from the borehole. hole. The reverse circulation method does not work well
if cobbles larger than the inside diameter of the drill pipe
(1) Circulation of drilling fluid. Normal circulation  are encountered. If too many cobbles are encountered
of drilling fluid consists of pumping the drilling fluid into  and cannot be removed from the boring, the bit should be
the borehole through the kelly and drill string, around the withdrawn and a bucket auger can be used to clean the
bit, and upward through the annular space between thebottom of the hole. When clay is drilled, the cuttings
drill rods and the walls of the borehole. The velocity is may tend to build on the blades of the bit because of
high past the drill bit which helps to clean the cuttings ineffective cleaning due to the low velocity of the drilling
from the bit. This method works well for smaller diame- fluid past the bit. If this problem occurs, the bit cannot
ter borings. However, for larger diameter borings, the be advanced. It must be pulled and cleaned before addi-
return velocity of the drilling fluid is too small to carry tional drilling can be done.
the cuttings to the surface. To enhance the carrying
capacity of the drilling fluid, two options are available. c. Drill head. Perhaps the single most important
Bentonite clay can be added to the drilling fluid to component of the drilling rig is the drive head or drill
increase its viscosity. Unfortunately, this procedure is head. Its primary functions include rotating and hoisting
unacceptable for certain operations, such as drilling wateror pull down of the drilling tools. Some drill heads have
wells, because the mud cake cannot be easily washedhe capability of being rotated from vertical to horizontal
from the walls of the borehole. An alternative procedure for drilling vertical or inclined holes. Drill rigs may also
is using reverse circulation. be equipped with a special “gate opening” drive head
which can be swung aside to permit removal of drill rods.
(2) Reverse circulation of drilling fluid The reverse  The principal disadvantage of this type of drive head is
circulation drilling procedure, as the name implies, con- the looseness or wobble which may develop as a result of
sists of feeding the drilling fluid into the borehole by wear of the system. The gate opening drill head is being
gravity and pumping it out through the drill rods. A jet replaced with a solid drill head sliding table which can be
eductor and hoses to connect the eductor to the circulatiormoved forward or back to permit removal of the drill
system are the only additional pieces of equipment whichrods.
are needed as compared to normal circulation of the drill-
ing fluid. To use reverse circulation, water is pumped Drilling tools are connected to the drill head by a fluted
from one end of the sump, through the eductor, andor square thick-walled pipe or “kelly” rod which runs
returned to the opposite end of the sump. As the water isthrough the drive head. The kelly is designed to move up
pumped through the eductor, a vacuum is developed.and down through the drill head as it is rotated. Torque
This vacuum is used to remove the drilling fluid from the is applied to the kelly through bevel gears in the drive
borehole by reducing the head of water in the drill rods ashead. The speed of rotation varies over a wide range.
compared to the head in the annulus of the borehole. TheThe top of the kelly is fitted with a swivel which permits
velocity of the drilling fluid is low in the annulus between the drilling fluid to be pumped through the kelly and drill
the drill rods and the walls of the borehole but is very rods to the drilling and sampling tools. Some types of
high inside the pipe. When the reverse circulation methodswivels have been designed for use in conjunction with
is used, the inside diameter of the drill pipe should be the pulldown mechanisms on drill rigs.
larger than that used for the normal circulation method to
permit the cuttings to be carried to the surface. Two basic choices for controlling the rate of advance or
feed of the drilling or sampling apparatus are available.
The reverse circulation procedure is useful for drilling The screw feed advances the spindle through gears and a
water wells, for drilling cohesionless soils, or for drilling feed nut. This technique forces the spindle downward at
holes 30 centimeters (cm) or 12 inches (in.) diametera set ratio of advance to rotation of the drill string; typi-
(diam) or larger. The lower velocity in the borehole and cally, three or four ratios are available. The hydraulic
at the bit tends to cause less damage to the formationdrive and the chain or cable pulldown techniques are
The higher velocity in the drill pipe causes more effective more flexible and reliable and are gradually replacing the
removal of the cuttings from the borehole. However, screw feed method. In general, with other factors being
there are several limiting conditions. The reverse circula-equal, the hydraulic drive mechanism is capable of
tion procedure cannot be used if the groundwater table isdeveloping greater thrusts than chain- or cable-pulldown
too high. As a rule of thumb, there must be at least a mechanisms.
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(1) Hydraulic drive Oil-operated hydraulic drive rope system or a special wireline hoist for recovering the
systems on drill rigs are the most satisfactory drive mech-inner core barrel for wireline drilling.
anisms for conducting undisturbed sampling operations.
Most hydraulic drive systems consist of two cylinders The typical drum hoist is controlled by a brake and a
which are attached to the drive head. A manual or auto-clutch. The cable on the drum hoist must reach from the
matic chuck, which is located in the drive head, consistshoist to the sheave on the derrick and back to the drill
of three or four jaws which grip the kelly to transfer deck. Its advantages include a high gear reduction which
thrust from the hydraulic cylinders to the drill rods. Dur- allows for powerful, low-speed hoisting capabilities. This
ing drilling operations using a manual chucking system, feature permits feather smooth lifting characteristics for
the hydraulic cylinders are activated to raise the drive lowering or raising the drill string without jarring or jerk-
head, the kelly is chucked, and a drive is made. Whening. However, the drum hoist system is not acceptable
the drive head has been moved a distance equal to théor lifting and dropping the hammer for the Standard
stroke of the hydraulic cylinders, which is usually 0.6 to Penetration Test (SPT) that is discussed in Appendix B.
0.9 m (2 to 3 ft) of travel, the kelly is unchucked, the
cylinders are raised, and the kelly is rechucked for The cathead and rope system is handy for driving casing,
another drive. If an automatic chuck is used, the chucklifting and dropping the hammer for the SPT, picking up
will only grip the kelly during the downward movement heavy accessories, and for conducting wash borings. It
of the drivehead. Figure 3-1 shows a typical truck-moun- consists of a cathead, a sheave on a derrick, and a manila
ted rotary drill rig with an hydraulic drive system. Fig- rope. This system can be used to lift moderately heavy
ure 3-2 identifies a number of specific elements, such asobjects at medium lifting rates.
cathead, jaw chuck, and rotary table, on a typical truck-
mounted rotary drill rig. The wireline hoist system which is used for wireline
drilling is a high-speed, low-capacity system. The wire-
(2) Chain pulldown Drill rigs equipped with chain line hoist system must be equipped with sufficient cable
pulldown drive mechanisms are satisfactory for undis- to reach from the hoist to the sheave on the derrick to the
turbed sampling of some soils. The chain pulldown sys- bottom of borehole.
tem consists of chains located on each side of the kelly
which are connected to sprocket wheels located on the e. Derrick A derrick is a two- to four-legged frame
deck of the rig. The sprocket wheels are driven through aor mast which is equipped with a sheave for hoisting and
hydraulic transmission. The chain pulldown mechanism handling tools in and out of the borehole. It can also
applies thrust through a yoke which is attached to thesupplement as a frame for stacking drill rods during trips.
water swivel at the top of the kelly. Therefore, a special The design and height of the derrick is usually selected
adaptor is required to allow the piston rod extensions tobased upon the length of a drill rod and the type of drill-
pass through the swivel and be clamped in the drill rig ing which is normally conducted. For shallow borings,
mast when a fixed piston sampler is used. As comparedthe drill pipe is frequently 3 m (10 ft) sections. For
to hydraulic pulldown systems, chain pulldown systems deeper borings, longer drill pipe, i.e., ® © m (20 to
have a much longer stroke, i.e., 6 m (20 ft) or more. 30 ft), is normally used. For angled holes, a derrick with
Figure 3-3 shows a truck-mounted rotary drill rig with a an adjustable frame or legs may be desirable. Prior to
chain feed drive system. transport, the derrick is folded down on the drill rig; for
most rigs, this operation is performed by the use of
(3) Cable pulldown Undisturbed samples are seldom hydraulic cylinders.
obtained with a cable pulldown arrangement on a drill rig,
although cable pulldown mechanisms have sometimes f. Mounting platform With the exception of light-
been used to achieve long sample drives. Generallyweight portable units which are used in remote areas,
cable pulldown arrangements are used in remote, inaccesdrilling rigs are usually affixed to a mounting platform or
sible areas in conjunction with a block and tackle or a deck to permit leveling of the drill head before drilling
hand-operated winch to apply the driving power. and to prevent movement out of alignment during drilling
operations. The platform should be rugged enough to
d. Hoists Hoisting drums and cables are needed to permit the use of the full capacity of the drill.
raise or lower drilling tools and casing. Hoists on most
drill rigs traditionally consist of a single wireline drum Several types of drill mounting platforms can be used,
with cables and sheaves. These systems are frequentlgepending on the terrain, logistics, and depth of hole. On
supplemented on a part-time basis by the cathead andand, the drill may be mounted on a platform of
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reinforced timber cribbing or affixed to a truck or trailer. a. Drills for wash borings The wash boring refers
For rugged terrain, a smaller version of the truck-mountedto a process by which the borehole is advanced by a
rig may be mounted on skids and dragged. Lightweight combination of chopping and jetting to break the forma-
units, such as the hand-held vibratory sampling devices ortion and washing to remove the cuttings. The principal
hand-held augers, can be mounted on casing or a frameuse of the wash boring method is to advance the hole
work of drill pipe which has been driven into the overbur- between samples. The cuttings are not acceptable for
den. Land-type drill rigs mounted on barges, floating sampling because of the breakdown of the particles due to
platforms supported by pontoons of oil drums, or the the chopping action, the loss of fines during transport of
fixed platforms supported by piles or spuds are used forthe cuttings to the surface, and segregation of the cuttings
most nearshore marine work. Although a barge or float- in the sump tank. However, an experienced operator may
ing platform is more common than a fixed platform, the be able to distinguish changes of stratigraphy by the
disadvantage of the barge or float is that it moves with action of the chopping bit as well as by changes of the
tide and wave action, whereas the disadvantage of thecharacteristics of the cuttings.
fixed drilling platform is its expense.
The equipment to advance holes by the wash boring

g. Ancillary equipment A number of small tools method consists of a motor which is used to drive a cat-
and miscellaneous equipment are needed for the drill rig.head for raising and lowering the tools in the borehole, a
Driving weights, such as the 63.5 kilogram (kg) or derrick with a sheave through which a rope from the
140 pound (Ib) hammer for the SPT test and perhaps acathead is passed to the drilling tools, and a water pump
larger hammer, i.e., 113 to 181 kg (250 to 400 Ib) range, for jetting and washing the cuttings from the borehole.
for driving and removing casing are integral components During drilling operations, the drill string is lowered into
of the drill rig. Fishing tools for recovering drilling the borehole. Drilling fluid is pumped under pressure
equipment which has been lost in the borehole, bypasshrough the drill rods and bit to the bottom of the hole as
and pop-off valves for the fluid circulation system, the chopping bit is raised and dropped. Each time the
assorted safety hooks and hoisting tools, tools for coup-rods are dropped, they are rotated either manually by a
ling and uncoupling drill strings or augers, and spiders wrench or lever or mechanically by the rotary drill-rig
and forks for holding sections of drill rods or augers in drive. The rotation of the drill rods helps to break the
the borehole should always be carried on the drill rig. A material at the bottom of the borehole. The resulting cut-
short piece of casing which can be driven into the groundtings are carried to the surface by the drilling fluid which
prior to commencing the drilling operations should also be flows in the annulus between the drill pipe and the walls
carried on the drill rig; the casing can be used as a collarof the hole. Cuttings which are not removed from the
to prevent erosion or sloughing at the top of the boreholeborehole when the circulation of the drilling fluid is
caused by the action of the drilling fluid. Other equip- stopped tend to settle and become the upper part of the
ment may include racks for stacking drill rods and sam- next sample. The hole can usually be cleaned satisfactor-
ples. A number of small tools such as hand-held ily by raising the drill string slightly and circulating the
hammers, punches, adjustable wrenches, pipe wrenchesglrilling fluid until it is free of cuttings. Casing may be
pliers, vise grips, screwdrivers, allen wrenches, and hack-used, if necessary, to stabilize the walls of the borehole.
saws and hacksaw blades, as well as hard hats, first aid
kits, and this manual, should always be carried on the b. Churn drills The churn drill was one of the first

drill rig. types of drilling machines to be manufactured. Churn
drills are used extensively in the water well industry.
3-3. Types of Drills They are economical to operate and are useful for advanc-

ing a boring through boulder or rubble zones and can be
Drill rigs are designed to perform a certain type of opera- used for obtaining disturbed drive samples in soil and soft
tion. Rotary, churn, and percussion drill rigs are the mostshale. However, they can not be adapted to undisturbed
common, although a number of other types of rigs have sampling operations.
been designed and developed to perform site-specific
tasks, such as drilling shot holes in quarries. Of theseThe churn drill has no rotary features. Churn drilling
rigs, the rotary drill rig is widely used for geotechnical which is often called cable-tool drilling is accomplished
engineering investigations, whereas churn and percussiomy the up and down hammering or churning action of a
rigs are used more extensively for drilling water wells and chisel-shaped or a cross-shaped drill bit for spudding or
for construction operations, such as drilling holes for chopping. The drill bit is attached to a heavy steel weight
cast-in-place piles. on the drill string which frequently exceeds 450 kg
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(1,000 Ib). The drill string is suspended by a cable andrigs are driven by the power takeoff from the truck
tends to act like a plumb bob when it is raised and engine, although some drill rigs are equipped with
dropped. The churning action is accomplished by a walk-independent engines. Two general types of pulldown
ing beam on the drill rig. Churn drills may be truck or mechanisms are normally used. Truck-mounted rotary
trailer mounted and are generally powered by gasoline ordrill rigs equipped with a chain pulldown drive mecha-
diesel engines. nism are capable of drilling to depths of 60 to 300 m (200
to 1,000 ft). Hydraulic feed drive rotary drill rigs are
The procedures which are used to advance the boreholeapable of drilling to depths of 150 to 750 m (500 to
depend on the location of the water table and the type of2,500 ft). A total thrust capacity of approximately
soil which is encountered. Above the water table, a small45 kilonewtons (kN) or 10,000 Ib is required for undis-
amount of water should be poured into the borehole toturbed sampling in very stiff materials. Although the total
form a slurry with the cuttings. When the carrying capac- thrust on chain pulldown rigs may not be sufficient for
ity of the slurry is reached, it can be removed by bailing. undisturbed sampling in resistant soils, these rigs can be
After the cuttings have been removed, more water isused for disturbed sampling and vane shear testing.
added to the borehole and the procedure is repeated.
When drilling below the water table, it is not necessary to In addition to rotary drilling and sampling, rotary drill rigs
add water for the slurry. For clays, a small amount of can be used for bucket-auger drilling and reverse-
sand may be placed in the borehole to enhance the cuttingirculation drilling. For bucket-auger drilling, the rig
action of the bit. For sands, clay may be placed in the must be provided with a derrick for lowering and lifting
borehole to enhance the carrying capacity of the slurry.the bucket and an arm to convey the bucket away from
For unstable soils, casing may be added as the borehole ithe borehole to the dumping area. Telescoping kelly bars
advanced; in soft or cohesionless soils, the borehole carand a rotary table opening large enough to pass the bucket
frequently be advanced by bailing inside of the casing. permit drilling to depths of 12 m (40 ft) or more without
The diameter of the borehole typically ranges from 10 to adding extra drill stem. Rigs equipped for reverse
30 cm (4 to 12 in.). circulation must have a large rotary table opening that
will allow the passage of 10- to 15-cm- (4- to 6-in.-) diam
To obtain a sample, the drill bit and the short-stroke drill- flange-connected drill pipe.
ing jar are replaced with a hollow steel barrel and long-
stroke fishing jar for drive sampling. The long-stroke jars A number of other types of rotary drill rigs are available,
provide a slip joint link in the drill string that allows the depending on the requirements of the drilling operations.
top half of the jar and the drill string to be lifted and One of the most popular is the skid-mounted rotary drill
dropped while the bottom half of the jar and the samplerrig, which is merely a smaller version of the truck-
remain stationary. Holes which are drilled and sampled mounted rig. Skid-rigs are powered by air, electricity,
tend to be vertical because of the plumb bob action of thediesel, or gasoline. A skid-rig can be moved by its own
drill string. wireline winch, although the skids are usually arranged
for easy mounting on the frame of a truck. Skid-rigs
c. Rotary drills Rotary drill rigs are the workhorses normally employ a hydraulic pulldown drive mechanism
of most geotechnical engineering drilling and sampling and may be equipped with a derrick. Derricks for skid-
operations. In general, boreholes are advanced by rotaryigs are lightweight and sometimes can be moved inde-
action coupled with downward pressure applied to the pendently of the rig. The drill head can be rotated
drill bit plus the cleaning action of the drilling fluid. 360 deg for drilling horizontal or inclined holes. Skid-
Samples may be obtained by rotary coring or by pushingrigs are used primarily for rock coring, although they may
a thin-walled tube into the foundation material at the be used for soil sampling in areas inaccessible to trucks.
desired depth. The rated capacity of rotary drill rigs, Large rotary drill rigs are usually trailer-mounted and
unless otherwise noted, is usually based on the perforequipped with independent power units. The trailer-
mance in a 75-mm or a 3-in.-diam (NX) hole. Most drill mounted rigs are generally less mobile and less con-
rigs are mounted on a truck, trailer, tractor, or all-terrain venient for soil sampling than truck-mounted rigs.
vehicle or on skids, although post-mounted drill rigs or Tractor-mounted rotary drill rigs may be used in rough
portable units are sometimes used in remote or inaccessiterrain, whereas rigs mounted on heavy duty all-terrain
ble areas. vehicles can be used for drilling in marshy and swampy
areas. In areas of extremely difficult accessibility, such as
Most truck-mounted rotary drill rigs can be used for drill- nearshore sites and marshy and swampy areas, lightweight
ing, sampling, and in situ testing. Generally, rotary drill post-mounted rotary drill rigs, powered by electricity or
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gasoline, have been used. For drilling in mines or tunnelis being connected to the double-wall casing. Plugged
shafts and drifts, rigs mounted on double-end bearingbits are used to obtain Becker penetration resistance
posts may be used. which is discussed in Appendix C. Soil, which is col-

lected by a cyclone during drilling operations, is shown in

d. Hammer drills Hammer drilling consists of Figure 3-9.

driving or rotating plus driving a drill to advance the
borehole. Hammer drilling is analogous to an air- The elements of the Becker hammer drill include an air
operated jackhammer with an attached bit. It works well compressor, mud pump, either a double- or single-acting
in medium to hard rock that is somewhat friable and diesel pile hammer, rotary drive unit, hydraulic hoist,
brittle. Borings advanced by hammer drilling are satisfac- casing puller, mast, and cyclone. The double-wall
tory for taking disturbed samples provided that the mater-threaded casing is specially fabricated from two heavy
ial in the bottom of the borehole can be considered aspipes which act as one unit. It has flush joints and
representative. However, undisturbed samples should notapered threads for making and breaking the casing string.
be obtained from boreholes advanced by hammer drilling.The standard casing is 14.0- to 16.8-cm (5-1/2- to
Hammer drill rigs may be truck-, trailer-, or wagon- 6-5/8-in.) OD by 8.3- to 8.7-cm (3-1/4- to 3-7/16-in.)
mounted. Bits usually have carbide blade inserts or car-inside diameter (ID). The chisel-type bits are made of a
bide button inserts attached to the cutting edge. Thetempered steel and nickel alloy. The principal advantage
diameter of the boreholes ranges from 10 to 40 cm (4 toof the Becker hammer drill includes a rapid and inexpen-
16 in.). sive method for drilling bouldery materials. The principal

disadvantage of this method of drilling is that when com-

(1) Becker hammer drill A special type of hammer pressed air is used, the pressure at the bottom of the cas-
drill, called a Becker hammer drill, was devised specifi- ing is reduced far below the hydrostatic pressure from the
cally for use in sand, gravel, and boulders by Becker groundwater table. Hence, the flow of groundwater into
Drilling, LTD., of Canada. The Becker hammer drill the borehole can disturb the material at the bottom of the
utilizes a diesel-powered pile hammer to drive a specialboring. If a boulder is encountered, sand surrounding the
double wall casing into the ground without rotation. As boulder may be sucked into casing. As a result, the sam-
the casing is driven by the pile hammer, drilling fluid is ple is nonrepresentative, and the recovery ratio could
pumped to the bottom of the hole through the annularexceed 100 percent.
space between the two pipes. Either air or water can be
used as the drilling fluid. A toothed bit which is affixed (2) Becker CRS drill A modification of the Becker
to the bottom of the casing is used to break material with hammer drill is the Becker CRS drill. This drill uses
blows of the hammer. Broken fragments or cuttings are twin-tube drill rods with a modified tri-cone roller bit at
returned to the surface through the center of the casingthe bottom of the rods. To advance the borehole, the drill
At the surface, the return flow is ejected through a vent in string is hammered and simultaneously rotated. Air is
the casing to a hose which leads to a cyclone or to col-normally used as the drilling fluid, although water or an
lector buckets. The cuttings which are collected can beair-water mixture can be used. The drill bits have an
observed to give an idea of the materials which have beerppen center to obtain samples. The Becker CRS drill is a
drilled. If necessary, drilling can be stopped and sam-fast, economical method for drilling holes or casing
pling can be done through the inner barrel using a split- through overburden to obtain rock. The Becker processes
barrel sampler or coring techniques. The outside diameterare patented. Work can be performed under contract with
(OD) of the casing ranges from 14 to 61 cm (5-1/2 to Becker Drilling, LTD.
24 in).
(3) Eccentric reamer system Another patented

Figure 3-4 is a photograph of the Becker hammer drill. hammer drilling system is the eccentric reamer, or ODEX,
Figure 3-5 is a schematic of Becker hammer drilling system. Drilling action consists of rotation plus percus-
and/or sampling operations using reverse air circulation.sion. The principal drilling equipment consists of a pilot
A schematic diagram of the double-wall casing with bit with a bearing surface on which the reamer rides and
reverse air circulation for removal of cuttings is illustrated an eccentric reamer which is used to drill the borehole
in Figure 3-6. Figure 3-7 is a photograph of several openlarger than the OD of the casing. Both the reamer and
bits. Typically, the OD of Becker bits ranges from 14 to the pilot bit are fitted with carbide cutting inserts for
23cm (5.5 to 9.0 in.), although the 17-cm (6.6-in.) drilling purposes. An eccentrically placed hole in the
diameter is commonly used for the Becker penetration testreamer permits the reamer to be twisted in or out (with
(BPT). Figure 3-8 is a photograph of a plugged bit which respect to the pilot bit shaft), depending on the direction
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of rotation of the shaft. Stop lugs are used to hold the of the rig. Downward force is applied by a chain or
reamer once it has been positioned. Foam drilling fluid is hydraulic pulldown mechanism. During drilling opera-
sometimes used to lubricate the sidewalls of the boreholetions, the auger is pulled to the surface after it has been
so that the casing, which follows the bit and reamer, will filled. To empty, the drill is pivoted on a turntable on the
slide more easily into the borehole. Foam may alsotruck bed. When it has been moved away from the bore-
enhance the removal of cuttings from the borehole. hole, the auger is spun rapidly to discharge the cuttings.

Two types of air hammers are available. A downhole Small motorized auger drills are used in inaccessible
hammer is attached directly to the pilot bit. For this areas. They are useful for obtaining a limited nhumber of
system, a special casing shoe is required to transfer thdwoles in a hurry. These drills are handheld or can be
energy from the hammer to the casing to “pull” it down. mounted on a mobile stand. Most portable drills are
Center rods which are the same length as the casing secapable of reverse augering.
tions are used to rotate the pilot bit and reamer during
drilling operations. Rotation of the casing is prevented, The bucket auger rig, which is a form of the rotary drill
although the hammer, casing, and drill bits move down- rig, uses a ring gear drive to supply rotary torque to the
ward in unison. If a top hammer drive is used, the ham- bucket. The ID of the ring must be sufficient to allow the
mer is attached at the top of the casing string and isbucket to pass through. The drive bar in which the kelly
connected to the pilot bit and reamer by drill rods. Dur- slides fits into two slots at 180 deg apart on the drive
ing drilling operations, all components are moved down- ring. Torque from the kelly is transmitted through the
ward in unison. However, only the pilot bit and reamer drive bar to the drive ring. For this type of drilling rig,
are rotated; rotation of the casing is prevented. the kelly is usually square with two or three telescoping
sections which can be extended to 25 m (82 ft) or more.
To operate, the bit is rotated clockwise to swing the To fill, the bucket is rotated. When it is full, the bucket
reamer to the correct position; a sharp counterclockwiseis raised and pulled through the drive ring by a cable. A
rotation of the drill bit through the drill string swings the dump arm is used to pull bucket away from the rig. A
reamer back over the pilot bit for removal from the bore- photograph of a bucket auger drill in operation is pre-
hole. No samples are obtained by this method of drilling, sented in Figure 3-10. A variety of types of bucket
although a rough idea of the material can be obtained byaugers are available for specific tasks. A discussion of
observing the cuttings. This method of drilling is useful the types of buckets is presented in paragraplal.7-2
for penetrating loose overburden material to access more
competent underlying formations. f. Other drills A large number of other drills,
including electric arc and electric beam drills, explosive
e. Auger drills Auger rigs employ a basic rotary and jet drills, implosion drills, and laser drills are in
drilling technique in conjunction with various types of experimental stages of development and therefore are not
augers to advance the borehole. The parts of an auger rigliscussed herein. Details of these drills are reported by
are virtually the same as rotary drilling rigs except a kelly Maurer (1980) and other references. Only those drills
is not needed. The auger is attached directly to the rotarywhich are currently used for civil engineering purposes
drive or spindle. When an auger rig is needed for rotary are discussed.
work, a chuck is installed above or below the spindle and
a kelly rod is inserted through the hollow rotary spindle. (1) Remote control drill Drilling by remote control
Most auger rigs use an hydraulic pulldown drive mecha- methods has received much interest, especially for investi-
nism. These rigs are usually equipped with long or tele- gations of sites such as munitions dumps or areas which
scoping hydraulic cylinders which permit a drive or stoke are suspected of being contaminated by hazardous or toxic
of 1.8 m (5 ft) or more. wastes. For remote control drilling operations, air cylin-
ders or electric motors are attached to the operating levers
Large auger rigs are usually mounted on a crane or truck.of the rig and to the remote console. The function of the
Augers and belling buckets are used for drilling large- remote control system is to advance or withdraw drilling
diameter holes. If a crane is used, no downward forcetools or samplers from the borehole. Other drilling func-
can be applied to the auger. The borehole is advanced byions such as making or breaking the drill string must be
relying on the weight of the bucket plus the digging of performed by the crew at the rig.
the teeth. Drilling operations are controlled from the cab
of crane. If a truck-mounted rig is used, drilling (2) Electric motor drill. Electric motor rotary drills
operations are controlled from a position on or at the endare available for use with thin-wall diamond core bits for
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obtaining samples of concrete and rock from difficult A two- or three-letter designation is used to describe
locations. These portable drills can be mounted on a pipedrilling equipment according to DCDMA standards (Dia-

or casing or attached to a rack and base. They can alsanond Core Drill Manufacturers Association, Inc. 1991).

be bolted to a wall or ceiling, such as in a tunnel or drift. The first letter in the DCDMA standard designation, such
Although these drills are generally not adaptable for soil as E, A, or N, indicates the approximate borehole diame-
sampling operations, they can be used to drive smallter for standard steel drill pipe. The second letter, i.e., X
augers. This type of drill is also available in air or gas or W, is the group standardization of key diameters and

driven models. the design standardization of dimensions affecting inter-
changeability. For example, “W” is used to designate
(3) Air track drill. Air track drills are used for drill-  flush joint casing, whereas “X” is used to designate flush

ing shot holes in quarries. These maneuverable drills arecoupled casing. The “X” casing is relatively lightweight
operated by air motors and move about on steel trackstubing with fine threads and is not flush along its ID.
They are air-operated and use percussion plus rotaryThe “W” casing is heavier walled than the “X” casing and
drilling techniques. These drills employ a chain pulldown is machined with coarse threads. It has a box thread at
feed mechanism for advancing the borehole. Air track one end and a pin thread at the opposite end. Box and

drills can be used to drill blast holes at any angle. pin threads on tubular members refer to the placement of
threads on the inside surface and threads on the outside
3-4. Accessories and Appurtenant Equipment surface, respectively. The casing is flush along its ID and

OD and does not require a coupling. The “W” standard
Various types of accessories and appurtenant equipmentasing is relatively new.
are required for soil sampling and drilling. This equip-
ment includes, but is not limited to, drill rods, drill bits, When the three-letter designation is used, the second
casing, portable sumps or mud pits, augers, bailers andetter, i.e., X or W, indicates the group of tools with
sand pumps, and miscellaneous pieces of small equipwhich the equipment can be used. This feature allows for
ment. The following paragraphs describe the equipmentnesting of casing and tools to reach a greater depth with
normally required, excluding hand tools. minimum reduction of the core diameter. In other words,

NX core-barrel bits will pass through flush coupled NX
It should be noted that a great deal of time and conse-casing and will drill a hole large enough to admit flush
guently, money can be saved during the actual drilling coupled BX casing, etc. The third letter, i.e., “G,” “M,”
operations if a little forethought is given to the physical or “T,” is the design letter which specifies a standard
layout of the site and the placement of the equipment in adesign, such as thread characteristics. This feature allows
convenient manner to permit easy access during the drill-for interchangeability of equipment from different manu-
ing operations. Besides the work area required for thefacturers. Table 3-1 presents a letter size designation with
drill rig and circulation system, consideration should also an approximate borehole dimension for drill rods to be
be given to the storage and/or stacking of drill rods, cas-used together with casing, core barrels, diamond bits, and
ing, and other miscellaneous equipment as well as workreaming shells. Table 3-2 presents nominal dimensions
areas for inspection, logging, and temporary storage offor drill rods, core barrels, bits, casings, and accessories.
samples. No standard configurations are offered, how-
ever, as the layout of each site is dependent on the equip- b. Drill rods. The principal functions of the drill
ment involved and the terrain. It is suggested that therods are to transmit the downward thrust and torque from
driller and engineer or geologist should inspect and planthe drill rig to the drill bit and to act as an hydraulic tube
the layout of the site before drilling begins. for the drilling fluid. Unfortunately, there is very little

guidance on the design of drill rods in the DCDMA stan-

a. Standard nomenclature Two standards are used dards. All that is specified is that the rods must be

for the designation of drilling tools, including drill rods, designed to provide a sufficiently strong torque tube
casing, drill bits, and core barrels. Metric standards pre-between the drill rig and the drill bit. The drill rod which
dominate in Europe. The Diamond Core Drill Manufac- must also function as a tube to convey the drilling fluid
turers Association (DCDMA) standards were developed in between the drill rig and the drill bit must have a suffi-
United States, Canada, England, South Africa, and Austra-cient wall thickness to accept the threads of adjacent rods
lia. It is estimated that DCDMA standards account for or equipment and minimize the cross-sectional area to
about 80 percent of the equipment which is sold eliminate weight and reduce cost.
throughout the world (Acker 1974). Therefore, only the
DCDMA standards are discussed herein.
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To satisfy these requirements, drill rods are frequently with sampling operations, the upward pointing jet is desir-
designed as upset tubing rather than as parallel wall tub-able because it causes less disturbance to the underlying
ing. Figure 3-11 illustrates upset and parallel wall tubing. material. When used in conjunction with wash borings,
The use of upset rods provides sufficient material to the downward pointing jet is more desirable because the
accept full threads and thus eliminates unnecessary wallvater jet is helpful in eroding the underlying material and
thickness and weight for the drill rods. Most manufactur- suspending the cuttings in a slurry. Heavy percussion
ers also supply cotton rod wicking for the joints of drill drill bits are shaped with a beveled edge for breaking the
rods. The wicking improves the hydraulic seal at the formation. Several chopping bits are shown in
joints and tends to increase the ease of “breaking” orFigure 3-12.
uncoupling the drill string. Another common design
feature is left-hand threaded drill rods. Left-hand (2) Bits for rotary drilling. Both noncoring bits and
threaded drill rods are useful with fishing tools for “back- coring bits may be used in conjunction with rotary drilling
ing off” drill pipe on equipment lost in the borehole. operations.  Noncoring bits advance the borehole by
scraping and shearing chips of material from the intact
N- and NW-size (60-mm (2-3/8-in.) and 67-mm formation. These rotary drill bits include drag bits, roller
(2-5/8-in.) OD, respectively) drill rods are satisfactory for bits, and diamond plug bits. Coring bits, in most cases,
common soil drilling and sampling operations. Smaller are merely a modification of a noncoring bit. The princi-
diameter rods are more flexible and cannot withstandpal difference between the noncoring and coring bits is
large torques, whereas larger diameter drill rods are stifferthat an annular hole is cut around an intact core by the
and capable of withstanding higher torques but are muchcoring bit. A photograph of several rotary bits is pre-
heavier. For example, the weight of the N- and NW-size sented as Figure 3-13.
drill rods are 76 and 80 Newtons per meter (N/m)
(5.2 and 5.5 Ib/ft), respectively, whereas the weight of the (&) Non-coring bits
HW-size drill rod is 112 N/m (7.7 Ib/ft).
(i) Drag bits Drag bits, such as fishtail bits, bladed
c. Drill bits. A variety of bits are available for bits, replaceable blade bits, and carbide insert bits, can be
drilling and sampling operations. The selection of the bit used for drilling soils and soft rock. A photograph of
is usually dependent on the formation which is to be several drag bits is presented as Figure 3-14. The term
drilled and the purpose of the borehole, i.e., a borehole“fishtail” was originated by Hvorslev (1949). The fishtall
for construction purposes, water well, or obtaining bit resembles a straight chopping bit with a split cutting
samples as a part of a geotechnical site investigation. Theedge. Each half of the chisel-shaped cutting edge is
types of bits include those for chopping and percussionturned slightly in the direction of rotation of the blade. A
drilling in soils and soft rocks and those for rotary drilling variation of the fishtail bit is the bladed bit. This type of
in soils and rocks. Drill bits may be made of hardened bit may have two, three, or four blades or wings which
metal, carbide alloy, or diamond. The material used to have been turned slightly in the direction of rotation. The
construct the bit is related to the intended use for the bit.tips of fishtail and bladed bits are usually made of a tung-
For example, diamond bits are used for drilling hard, sten carbide alloy for wear resistance. Replaceable blade
intact formations, whereas carbide-tipped sawtooth bitsbits have insert blades which are individually replaceable.
may be used for drilling softer, fractured formations. A The blades are usually made of a tungsten carbide alloy
discussion of the use of drill bits in various types of geo- or hardened metal. Jets are directed at each of the blades
logic formations for different purposes is presented in the for cleaning. An example of a replaceable blade bit is the
paragraphs which follow. Hawthorne bit. Carbide insert bits are similar to bladed
bits except the edges are not turned. For these bits, an
(1) Bits for chopping A chopping bit is a steel bit insert is used to form the cutting edge. Carbide insert bits
which is equipped with a hardened cutting edge. Theare available with three or four wings. All bits have large
shape of the bit which is available in common sizes passageways for the drilling fluid.
depends on the material to be penetrated. A chisel-shaped
bit can be used in sands, silts, clays, and soft rocks forDrag bits can be used for general drilling operations in
advancing the borehole or for cleaning casing. The star-most soils and softer rocks. Fishtail and bladed bits can
or cross-shaped chopping bit can be used for drilling andbe used for cleaning casing, starting holes, or drilling in
fragmenting coarse gravel, boulders, and rock. They aresands and clays. The fishtail bit may be equipped with
equipped with upward or downward pointing ports for baffles to divert the drilling fluid upward or downward.
discharge of the drilling fluid. When used in conjunction With upward diverted drilling fluid, the fishtail bit is quite
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suitable for drilling to the top of the soil to be sampled. and is ideal for drilling hard rock and vertical holes in
Finger-type drag bits can be used for general drilling rock of varying hardness. The point tends to minimize
purposes and are satisfactory for advancing boreholes irvibrations and hole deviations which allow straight, deep
soils in which a slight disturbance below the bit caused by holes to be drilled. The taper-type bit is used for drilling
the jetting action of the drilling fluid is permissible. The very hard rock and for reaming undersized holes. The
configuration of this type of bit makes it impractical to shape of the taper bit also tends to minimize vibrations
divert the drilling fluid away from the bottom of the hole. and hole deviations.
Finger-type drag bits are frequently used as the cutting bit
for helical augers. However, drilling fluid is not used (b) Coring bits Coring bits are used for cutting an
when auger drilling is conducted. Three- or four-bladed annular hole around a pedestal of soil or rock to be sam-
bits are used for drilling in firmer soils, such as hardpan pled. Coring bits include diamond bits, carbide insert
and soft rock. bits, and sawtooth bits. The selection of a bit is usually
based upon the formation or material to be drilled, the
(i) Cone and roller bits Cone bits and roller bits are cost or availability of various drill bits, and the rate of
used for drilling materials containing rock lenses, large advancement of the borehole using a particular bit. For
gravel, and rock formations. Cone-type bits are designedexample, the cost of a diamond bit for drilling a very hard
with two or three cones. Roller-type bits consist of two formation may be offset by a more rapid rate of advanc-
rollers on a horizontal axes and two rollers on an inclined ing the borehole. A carbide may be selected for drilling a
axis; the horizontal rollers are mounted perpendicular toseverely fractured formation; the cost of a damaged car-
the inclined rollers. These bits have teeth milled on the bide bit would be substantially less than the cost of a
surfaces of the cones and rollers which rotate as the bit isdamaged diamond bit. Diamond bits include the “hand-
turned. The spacing and height of teeth is varied for theset” or “surface-set” diamond type and the “diamond-
type of material to be drilled. For softer materials, larger impregnated” type. Hand-set diamond bits are used for
and fewer teeth are used, whereas shorter and mordalrilling very hard, intact materials, whereas diamond
closely spaced teeth are used for drilling harder materialsimpregnate bits are used for driling more abrasive or
The teeth are interfaced so they become self-cleaningfractured materials which would tend to dislodge the
Air, mud, or water can be used as the drilling fluid and is diamonds on a hand-set bit. Carbide insert bits can be
discharged at the bottom of the bit. Photographs of typi- substituted for diamond bits for most soft to medium-hard
cal tri-cone bits are presented in Figure 3-15. drilling operations. Sawtooth bits can be used for soft,
fractured, or friable materials.
To be used efficiently and effectively, a large downward
pressure must be applied to the drill bit. Unfortunately, (i) Diamond bits The selection of a diamond bit
large downward pressures cannot be supplied by convenshould be based upon the experience of the driller and/or
tional drilling rigs. Nevertheless, roller bits are used for the guidance of the manufacturer. When a diamond bit is
many geotechnical investigations, especially when harderselected, variables such as the quality and size of the
materials are encountered. In general, the two-cone bit isdiamonds and the design of the bit, including the face or
used for medium soft formations, fractured rock, and crown shape, the characteristics of the bit matrix, the
cleaning out casing. The three-cone or tricone bits arenumber of waterways, the diamond pattern, etc., should be
used for harder rock. Tricone bits provide smoother considered. The description of the bit should specify the
operation and are more efficient than the two-cone bit. core barrel size, the core barrel group, design of the core
Of these bits, the tricone bit is most frequently used. Thebarrel, the grade and size of the diamonds, the type of
costs of tricone bits are greater than the costs of drag bitsmatrix, and the number of waterways. The description
although the costs can be offset by a more rapid rate ofshould also indicate whether the diamonds in the drill bit
advancement of the borehole. The principal disadvantageare impregnated or hand set. Additional details of
of tricone bits is that these bits cannot be used with greatdiamond bits can be obtained from the U. S. Army Corps
success in materials which contain a large percent ofof Engineers (1959), Southwestern Division Laboratory, in
gravel. a publication entitled “Program for Central Procurement
of Diamond Drilling Tools” as directed by Guide Specifi-
(ii) Diamond plug bits Diamond plug bits are non- cation CE-1205 and ER 715-1-13. A photograph of a
coring bits which are used in rock formations. The shapetypical diamond coring bit is presented in Figure 3-16.
of the diamond plug bit is concave, pilot, or taper. The
concave bit is least expensive and ideal for drilling in soft (i) Carbide bits Carbide bits can be used in much
rock. The pilot bit has a lead section of smaller diameter the same manner and for the same purposes as diamond
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bits. Two types of carbide bits are available. Standard coupling is equipped with pin threads at each end. The
carbide bits use carbide inserts which are mounted on thé'W” casing is designed with a flush joint and uses coarse
cutting edge of the drill bit. Because of the coarseness ofthreads. It is machined with a pin thread on one end and
the inserts, very large stresses may be exerted on tha box thread on the other end. The principal advantage of
formation which would tend to disturb or fracture the the “X” casing is that it is lighter weight than the “W”
formation ahead of the bit. Pyramid carbide bits are lesscasing. However, the “W” casing is thicker walled and is
likely to chip when subjected to a sharp blow. These bits more robust than the “X” casing.
are suggested for drilling fractured formations. A photo-
graph of a standard carbide insert bit and a pyramid car-Casing can be advanced by driving or “drilling” it to the
bide bit is presented in Figure 3-17. In general, carbidedesired depth. If the casing is driven, the driving ham-
bits are less expensive than diamond bits. They have namer, a driving shoe, a driving guide, and an assembly to
salvage value and therefore are used to destruction. Sinceull the casing are needed. Drilling the casing into the
carbide bits are not as hard as diamonds, they are limitedground requires the use of a casing shoe or a carbide,
to drilling softer formations or must be used with a slower sawtooth, or diamond casing bit, depending on the geo-
rate of advance. Frequently, the slower rate of drilling logic conditions. In addition to the casing and shoe or
may offset the higher cost of the diamond bit. bit, a water circulation system is also needed to remove
material from the casing. It is preferable that the drill is
(i) Sawtooth bits A photograph of a sawtooth cor- equipped with a hydraulic pulldown drive and has a drill
ing bit is presented in Figure 3-18. This bit is equipped head and spindle which is large enough to pass the casing
with coarse, hard steel teeth which provide tough cuttingthrough the drill head. If the casing will not fit through
surfaces that can withstand a great deal of shock. Thethe drill head, a drill rod and sub can be attached to the
sawtooth bit has a high clearance and can be used focasing; this method is tedious because short lengths of
drilling hard soil or soft rock provided that a good supply casing must be used. Additional information on the
of water is available to remove the cuttings. Abrasion of placement of casing is presented in paragraphb 6-2
the steel teeth limits the use of this bit to relatively soft and 8-b.
formations. The sawtooth bit is fairly inexpensive.
e. Portable sumps For rotary drilling operations in
(c) Casing bits and casing shoe bitsThe principal  which drilling mud or clear water is used, mud pits are
differences between casing bits and casing shoe bits ar@eeded for capturing the drilling fluid as it is returned
the design. Casing bits have cutting edges on the inneffrom the borehole. The mud pit must also function as a
and outer surfaces of the bit. The reduced inside diametesettling pit for the cuttings which are suspended in the
of the casing bit caused by the addition of a cutting sur- drilling fluid. Either portable sumps or dug pits can be
face will not allow the passage of a standard coring bit of used for these purposes. See paragraph 4-4 for a discus-
the same size or letter. As this characteristic or featuresion of the requirements of the mud pit. Generally, porta-
implies, the casing and casing bit must be removed andble sumps are more convenient and economical than dug
the casing reset before drilling and sampling through thepits.
casing can be conducted. Casing shoe bits are used when
drilling through the casing is planned. A cutting surface f. Surface casing The function of the surface cas-
is not provided on the inside of the bit. ing is to minimize the erosion caused by the drilling fluid
and to prevent the borehole from “cratering” at the sur-
d. Casing Dirill casing can be used to stabilize and face. A suitable collar is a short section of casing, i.e.,
prevent caving of material into the borehole. Whenever 0.6 or 1.5 m (2 or 5 ft), which can be driven or spun into
temporary casing is required, a tube with flush inside andthe ground before the drilling has commenced.
outside joints is advantageous and is usually quite simple
and economical to make. A metal tube, such as a thick- g. Augers Augers are used primarily for general
walled steel pipe, can be cut with a taper on the diameterexploration, advancing and cleaning the borehole, and
of about 3 cm/m (3/8 in./ft) and machined with coarse drilling accessible borings. Augers are also used for
square threads; this design provides a strong flush jointvarious construction operations, such as drilling drainage
that makes and breaks easily. wells and excavating for piers and caissons. Disturbed or
undisturbed samples can be obtained from boreholes
Two DCDMA standard series of casing are available. advanced by augering methods. However, disturbed sam-
The “X” casing is flush coupled tubing with fine threads. ples may not be representative of the in situ deposit
The casing is equipped with box threads at each end; thebecause materials may have segregated during the
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augering process or may have been contaminated withdisadvantage of sampling by auger methods is that sam-
soils from different depths. The quality of undisturbed ples are highly disturbed and soils from different strata
samples may also be questionable as a result of stressan be mixed. Because of the potential for mixing of
relief, especially if drilling mud is not used to stabilize the soils from different strata, stratigraphic logging using
borehole. Augers cannot be used for soils in which the cuttings from auger borings is extremely difficult. An
gravel particles or rock fragments are greater than approx-exception exists, however. When a hollow-stem auger is
imately one-tenth of the diameter of the hole. used, the center plug can be removed at any time and
either disturbed or undisturbed samples can be obtained
(1) Hand-held augers Hand-held augers include the with conventional sampling equipment. Large bucket
Iwan auger, which is commonly referred to as a postholeaugers can also be used for drilling large-diameter bore-
digger, and small helical augers, such as the ship augeholes which will permit a man to enter and obtain
and open spiral or closed spiral augers. The lwan augethand-carved samples. The limiting depth for power
ranges in diameter from 8 to 20 cm (3 to 8 in.) and can augering is usually controlled by the power which is
be used in stable cohesive or cohesionless soils above theequired to rotate the auger or the depth to the ground-
water table. The ship auger is most effective in cohesivewater table. For continuous flight augers and bucket
materials. It ranges in diameter from 5 to 9 cm (2 to augers, the limiting depth is about 30 m (100 ft). For
3-1/2 in.). Open- and closed-spiral augers were developedhort-flight augers, the depth is limited to the length of
for soils in which poor recovery was obtained using the the kelly on the drill rig, which is about t6 m (10 to
ship auger. These augers generally work well in dry 20 ft), depending on the particular device.
clays and gravelly soils. Open- and closed-spiral augers

are available with an outside diameter of 5 cm (2 in.). A (a) Bucket augers The bucket auger is an open top
photograph of Ilwan-type posthole augers is presented inmetal cylinder with one or more slots in its bottom which
Figure 7-1. permit soil to enter as the bucket is rotated and downward

pressure is applied. The slots are reinforced and are
The hand-held auger consists of an auger blade attachedsually equipped with teeth or a cutting edge. To operate,
to one end of a pipe and a crossarm attached to the othethe bucket auger is attached to the kelly rod. It is driven
end of the pipe. A 2-cm- (3/4-in.-) diam pipe is com- by a rotary table. Rotation and downward pressure are
monly used although a larger diameter pipe can be usedised to fill bucket. When the bucket is full, the rotation
for deep holes. Extensions can be added to the pipe ass stopped and the bucket is lifted from the borehole.
needed. The maximum depth which can be probed withWhen the bucket is clear of the borehole, it can be emp-
the handheld auger is about 9 to 10 m (30 to 33 ft). Totied by tipping. Some buckets, such as the Vicksburg
sample, the auger is rotated as downward pressure ifinged auger which is shown in Figure 7-2, are equipped
applied. When the blades are full, the auger is withdrawnwith hinges and a trip release which allow the bucket to
from the borehole and dumped. For most soils, the sam-be opened for dumping. The principal advantage of the
ple is satisfactory for identification and classification tests. bucket auger is the rapid excavation of small- or large-

diameter holes to relatively great depths. The principal

(2) Power augers The principal differences between disadvantage is that most bucket augers cannot be used

power-driven augers and hand-held augers are the rigidityfor drilling cohesionless materials below the water table
and robustness of the power equipment and the size andr to sample gravelly soils.
depth of samples which can be obtained. For example,
barrel and bucket augers are a modification of the Iwan- (b) Flight augers The flight auger is the most com-
type auger. Disk augers and solid- and hollow-stem flight monly used power auger. It consists of one of more
augers are helical augers. Spoon augers are similar tdlights of helical or spiral fluting attached to a torque bar.
closed-spiral augers. The diameter of power augersHence, the respective auger is called “single-flight” or
ranges from approximately 5 to 244 cm (2 to 96 in.). The “continuous-flight.” Likewise, the torque bar may be
depth of samples obtained with power equipment cansolid or hollow, which explains the terms “solid-stem” or
exceed 30 m (100 ft) or more, depending upon the “hollow-stem.” One end of the torque bar is connected to
groundwater conditions and the type of equipment whichthe drill, and the other end can be fitted with a pilot bit
is used. Barrel, bucket, and flight augers are discussed irand cutting teeth or some other type of bit for ripping the
Chapters 5 through 8 of this manual. material to be drilled. The spiral fluting acts as a plat-

form for removal of cuttings to the surface.
In general, power augers can be used wherever the bore-
hole is stable and will remain open. The principal
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The diameters of solid-stem flight augers range from the groundwater table. The ID of hollow-stem augers
57 mm (2-1/4 in.) to 1.2 m (48 in.), or larger, although ranges from about 7 to 30 cm (2-3/4 to 12 in.). The
flight augers with diameters to 30 cm (12 in.) are the principal advantage of hollow-stem, continuous-flight
most common. A table of common sizes of flight augers augers is that the auger serves as a casing for sampling
is presented in Chapter 5. The principal advantage ofsoft or unstable soils. Furthermore, it is likely that less
solid-stem flight augers is that a minimum number of disturbance to the formation is caused by augering than
tools is required to advance the borehole. These augerdy driving casing. The principal disadvantage of the
can be used for drilling in stable soils, including gravel hollow-stem auger is the cost and size of the equipment
and soft rock. They do not work well for drilling in hard which is required to operate the auger. Small tools which
cemented materials. Solid-stem flight augers cannot beare needed for handling auger stems include the auger
used for drilling cohesionless materials below the water holding fork shown in Figure 3-19.
table because the material tends to wash off the auger
flights and the holes generally will not remain open. h. Bailers and sand pumpsBailers and sand pumps
are used for removing material from boreholes, especially
The hollow-stem auger consists of a section of seamlesdn conjunction with churn and percussion drilling opera-
tube which is wrapped with spiral flight. It is fitted with tions. Bailers are fairly easy to operate and are satisfac-
an adapter cap at its top and a center plug and cutter heatpry for bailing water and soft materials from below the
at its lower end. The cutter head is connected to the drill water table in cased boreholes if agitation in the bottom
rig by drill rods which attach to the adapter at the top of of the borehole is permissible. Where agitation must be
the auger. The cutter head may be equipped with finger-minimized, a sand pump should be used. Unfortunately,
type bits for general drilling, fishtail bits for drilling cohe- the cost of a sand pump is greater than the cost of a
sive materials, or carbide teeth for drilling in hard or stiff bailer. The diameter of the borehole made by either of
deposits. The adapter cap is designed to hold the centethese devices is approximately 2.5 to 5.0 cm (1 to 2 in.)
plug in place as the auger is advanced. It ensures that th@reater than the diameter of the apparatus.
center stem and bit rotate with the auger. When drilling
and sampling with the hollow-stem auger, the hole is (1) Sand pump A sand pump consists of a tube
usually advanced with the center plug and stem in place,equipped with a plunger or piston located inside the tube.
although the center plug may be omitted for certain soils. The bottom of the tube is equipped with a flap or valve
The hollow-stem flights and center stem can be added ador retaining material in the pump. The bottom of the
necessary. At the desired sampling depth, the center sterfube may also be equipped with a sawtooth bit, especially
and plug can be removed and sampling may be conductedf the material must be broken prior to its removal from
through the hollow stem of the auger. The hollow stem the borehole. To operate, the plunger is moved up and
serves as casing. down to create a suction. The suction causes the slurry
and cuttings at the bottom of the borehole to flow into the

Two types of connectors are used to connect stems ofube through openings in the sidewall and the bottom. To
continuous-flight augers. Screwed joints are easy to con-€mpty the cuttings from the tube, the plunger is removed
nect and form a watertight, rigid, stiff connection. The and the pump is inverted or the valve must be removed.
disadvantages are that the auger cannot be operated in

reverse and the stems may be difficult to disconnect,  (2) Bailer. A bailer consists of a pipe with a valve
especially if soil particles become wedged in the threadsat its lower end and a bail at its upper end. The bail is
or the threads become worn or damaged. Splined jointsused to provide a connection for the cable line on the rig
transfer torque between auger stems by an octagonaYVhiCh is used to operate the bailer. A valve is needed to
socket and shank jaw coupling or a straight keyed coup-retain the material in bailer as it is lifted to surface. Two
ling. Tension is transferred by a removable threaded settyPes of bailers are available.

screw or pin. Splined joints are fairly easy to connect

and disconnect, although they may be somewhat difficult (&) Flat valve bailer  The flat valve bailer is

to align during assembly. They can also transfer a equipped with a flat valve which opens to receive material
reverse torque between the auger stems. The principa®s the bailer is lowered and closes as the bailer is lifted.
disadvantages are that the joints are not watertight andl© operate, the device is lowered to the bottom of the
must be cleaned regularly before assembly. If O-ring borehole and then is moved up and down a few inches to
seals are used to effect a watertight seal, the O-rings mus€reate a pumping action. When the bailer is full, it is
be replaced frequently because of wear. The hollow-stemrémoved from the borehole and must be turned upside
auger can be used in loose cohesionless deposits beloWown to empty.
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(b) Dart valve bailer The dart valve bailer is spear has been seated in the drill rod, it is rotated until
equipped with a valve which is shaped like a dart. One the threads grip the rod. The die or overshot is analogous
end of the valve is a flat plate and the other end is shapedo a funnel with die-type threads on its inside. This tool
like a cone. To operate, the bailer is dropped to the bot-is slipped over the drill rod and rotated until the threads
tom of the borehole. When the dart strikes the bottom of grip the rod.
the boring, the flat plate lifts the cone-shaped valve from
its seat and allows slurry to enter the bailer. When the j- Miscellaneous hand toals Miscellaneous hand
bailer is lifted, the cone-shaped valve drops into its seat totools, such as hoisting plugs or swivels, foot clamps and
retain the material. To empty the bailer, the dart is holding irons, and assorted wrenches are needed for
touched on the ground which opens the valve. If valve assembling or disassembling and lifting or lowering the
becomes stuck, the bailer can be turned upside down tadrill string or casing. A hoisting plug, which is shown in
empty the material. Figure 3-19, is a ball-bearing type swivel which is used

for lifting or lowering the rods or casing. Foot clamps

i. Fishing tools Whenever a string of drill rods or and holding forks may be used to suspend the tools and
a drill bit is lost in a borehole, such as when the drill drill string in borehole. Foot clamps are more widely
string is dropped or the bit is sheared from the drill rod, used than holding irons, although they are used less exten-
tools are used to recover this equipment from the bore-sively in conjunction with wireline drilling. Holding irons
hole, if possible. A special device, called a fishing tool, take less time to set up than foot clamps, although it is
is attached to the bottom of a section of drill rod and is more likely that the drill string may be dropped into the
lowered to the elevation of the top of the lost equipment. borehole when holding irons are used. Assorted wrenches
The drill rod is then raised and lowered and hopefully can are needed to assemble and disassemble the drill rod and
be used to make contact with the lost equipment. drilling tools. Pipe wrenches can be used for drill rods or

casing, chain wrenches or tongs are frequently used for
Two types of fishing tools are available: a spear or tap larger diameter pipe and casing, and strap wrenches are
and a die or overshot. The spear is a long, slenderused for polished tubing and bits. Parmalee wrenches
pointed tool with tap threads on its periphery. When the should be used for double tube core barrels.

Table 3-1
First Letter Hole Size Relationships for Compatibility of Drilling Equipment (After Diamond Core Drill
Manufacturers Association, Inc. 1991)

Hole Diameter

Letter Millimeters Inches
R 25 1

E 40 1-1/2
A 50 2

B 65 2-1/2
N 75 3

K 90 3-1/2
H 100 4

P 125 5

S 150 6

U 175 7

Z 200 8

3-14



EM 1110-1-1906

30 Sep 96

‘ssans ayisuel (1sd 000'09) B4 G ¥ pUe ssaus pathk (1sd 000'0F) BJW S/2 81 sonsusloeieyn yibuass [eolsAyd wnwiuiw 8y} 'poJ |jup pus 18sdn N

'ssens ayisusl (1sd 000°08) BAW 0SS Pue ssais pieif (1sd 000'S9) BdIN 0S¥ BJe sousueloeseyd yibuasis [eaisAyd wnwiuiw ey 'pol [lBM [Bj[esed
5196f01d 8Os UO @SN Ul ||IS INq ‘PEPUEIS PIO ,
ssens aysusl (isd 000'08) BJW 0SS PUE sseas pielA (154 000'59) BJW 0Sh 8Je sonsuaioeseys yibusas jeaisAyd wnwiuiw sy 'Busses Jog '

L'vS 8L B'6L  eeme e e e e e e e - WMN
o'ey 625 568 - AMS
00e o'y Y 2 e e e e e WMY
v'ie 59 ELE e e e e e e e e e - e e AM3
2oL 256 L T T S OMH
L'¥8 8€L ese - e e T e OMN
ozy 6.8 X T oma
0'0e o'sy CY2 R e S oMV
v'ig 59¢ CLE e e e e e e e e e e e e oM3
..... 9202 6'€22 064 1612 Mz
..... v'SLL 1'861 9Ll L'E64 mn
..... 80S1 S2L) L'EPL £'89¢ MS
.......... 2'¢e2t SEry FAVAYS L'6EL b i b hatan Md
..... 0’104 S 0% EPiL »MH
o0'9L 8'16 veL 6'88 »MN
209 €6 £ 0€L e e e o)
£'8y 9'65 sy 28 e MV
0’8 9oLy L'se ooy eM3
..... 108 L8 v'se S9€ eMd
.......... 166 SLik 656 0004 870} EVLL XH
osL 8'16 vee 8w e e 473 018 6'88 XN
209 £'8L X - €09 1'69 0€L xg
..... eer 9'65 sy ver 808 215 XV
..... o'se 9Ly Lse 1’8 ey ooy X3
..... L0e e ¥'se s'0e 2oe S'9E X4
R v'se 805 €09 yeN
..... - 6k N 9Ly e
................................... X8 982 iy o
e [y bx 4 eee e23

ww ww ww ww ww ww ww ww ww ww ww ww ww ww ww
ao ‘a0 ‘a0 ‘a) ‘a0 ‘al ‘a0 ‘al ‘a0 ‘al ‘al Qo ‘al ‘at ‘ao uoneubiseq
Jejeureiq teseg va g eous ug Buised | Buised Buydnoo buised Bundneg poy IMQ ez

a0) &) 800 Buiseo wiop ysn|4 peidncy Usnid poy

(penunuog) (1661 "ouj ‘uofiwjoossy Jnueyy UBQ 8100 P 1Q o) sop v pus Buise) soj sucisuowy] [sujuioN

Tt olqel

3-15



EM 1110-1-1906
30 Sep 96

“Jeinioejnuew ey 0} Buipsoooe Apybis Aea sisjawelp 8109 pue Siiq 8100 POl P pue Buises se seases pol ug (186} Jeekbuo Jeye) uogeulisep 8zis aul| BJIM °
-Aleanoedses ‘W 696} AQ WW p'2S5) ‘Ww £ '6E)L AQ WW 9101 ‘WW ¥'86 AQ WW §'69 ‘S|aLeq aioo ubisep ebien s

S€9 [ e e S 8L 688 gOH
9Ly F 7 A e e £09 669 gON
S'9e 009 e e e e e e e e e e [0:14 9'SS 908
0L o 6vE Svy el
9151 Lv8L PEEL e e e e e e e e e e e e GVELX 9
8004 £EEl [ 2/SX ¥
£89 026 - e e G8IL-E X YT
608 8'96 886 0 - e e et IMH
188 8'€L €64 e e e e e TR T e e e IMN
vy L8 L I ma
Sce 8'9v LP e s e e e e e MV
6'ce g9t 1o A e R M3
98l 82 yee - e et imy
ww ww ww ww ww ww wuw ww ww ww ww wu ww ww ww
‘ao ‘ao ‘ao al ‘ao ai ‘ao ‘at ‘ao ‘al ‘at ‘ao ‘al al ‘ao uogeubiseq
Jeewelq teueg g ug aoys ug buised _mc_mmo Buydnog | Buised Suydnoo poy wa 8z71g
8J0) 8J0) 8100 Buisen wiop ysn|4 pejdno) ysnj4 poy
(pepniouo))
T-€ fIqeL

3-16



EM 1110-1-1906
30 Sep 96

Figure 3-1. Truck-mounted rotary drill rig with a hydraulic drive system
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A HYDRAULIC DRIVE CYLINDERS
B HYDRAULIC PISTON RGD

¢ JAW CHUCK

D ROTARY TAELE

E CATHEAD :

F . FIXED PISTON SAMPLER

G PISTON ROD EXTENSION

H DRILL ROD

I SOIL ANCHORS

Figure 3-2. Photograph of a truck-mounted rotary drill rig with specific features of the drill rig
identified
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Figure 3-3. Truck-mounted rotary drill rig with a chain feed drive system

Figure 3-4. Photograph of the Becker hammer drill
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Figure 3-5. Schematic of Becker hammer drilling and/or sampling operations using reverse air cir-
culation (Harder 1993)
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Figure 3-6. Isometric diagram of the double-wall casing with reverse air circulation for removal of

cuttings (Harder 1993)
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Figure 3-7. Photograph of several open-type Becker bits (Harder 1993)

Figure 3-8. Photograph of a plugged bit which is used to obtain Becker
penetration resistance (Harder 1993)
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Figure 3-9. Sail is collected by a cyclone during Becker hammer drilling opera-
tions (Harder 1993). Note: Safety is a very important consideration for Corps
of Engineers projects. Safety items, including hardhats, gloves, safety shoes,
protective clothing, and dust or vapor masks, should be worn, as appropriate,
for the particular drilling and sampling operations.

Figure 3-10. Photograph of a bucket auger drill in
operation
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Figure 3-11. Cross sections of drill rods which illustrate upset and parallel wall tubing (after
Hvorslev 1949)

3-24



EM 1110-1-1906
30 Sep 96

Figure 3-12. Photograph of several chopping bits

Figure 3-13. Photograph of several rotary bits
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Figure 3-14. Photograph of several drag bits

Figure 3-15. Photograph of typical tri-cone bits
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Figure 3-16. Photograph of a typical diamond coring bit

millimetres
100 150

Figure 3-17. Photograph of a standard carbide insert bit and a pyramid carbide bit
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Figure 3-18. Photograph of a sawtooth coring bit
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Figure 3-19. Photograph of a holding fork and a hoisting plug
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Chapter 4 about -5 deg C (23 deg F). If the relative humidity is
Drilling Fluids high, provisions should also be made for defrosting the

chiller.

o ] Conventional drill bits may be used for drilling most

4-1. Purpose of Drilling Fluids formations with air. Drag bits have been used to drill soft
. ) ) to medium formations, frozen fine-grained soils, and ice.

Most rotary drilling methods, with the exception of auger- gojier bits generally have performed satisfactorily in
ing methods, require the use of drilling fluids. Drilling 1 o4ium to hard formations. However, it has been found

fluids perform several functions. The primary functions ¢ |arger discharge nozzles may be required to drill with
include cleaning the cuttings from the face of the drill bit, ;. - compared to drilling with water or mud.

transporting the cuttings to the ground surface, cooling the

drill bit, lubricating the drill bit and drill rods, and Both air pressure and volume of air are important for the
increasing the stability of the borehole. In addition, there syccessful use of air as the drilling fluid. The effective
are a number of secondary functions. Some of the moreyse of air as a drilling fluid requires a high volume of air
significant secondary functions are suspending the cuttingsg efficiently remove cuttings from the hole. High pres-
in the hole and dropping them in surface disposal areassyre alone will not assure a sufficient volume of air and
improving sample recovery, controlling formation pres- coyld damage the formation. In general, a low-pressure,
sures, minimizing drilling fluid losses into the formation, je_ 350 kilopascals (kPa) or 50 psi, high-volume capacity

protecting the soil strata of interest, facilitating the free- compressor is more economical and desirable than a high-
dom of movement of the drill string and casing, and pressure, low-volume system.

reducing wear and corrosion of the drilling equipment.
The minimum annular uphole velocities must be varied
4-2. Types of Drilling Fluids for each drilling condition encountered. Annular veloci-
ties on the order of 20 to 25 m/sec (4,000 to 5,000 ft/min)
Nearly all of the Corps of Engineers drilling and sampling with upper limits of 45 m/sec (9,000 ft/min) have been
is accomplished using one or more of four general typesfound to be satisfactory for many materials. The higher
of drilling fluid: compressed air, foam, clear water, and upward velocities should be used cautiously as they may
water-based mud. Air and water generally satisfy the tend to erode the walls of the borehole. Equation 4-1 can
primary functions of a drilling fluid. However, additives be used to estimate the size of the air compressor which
must often be added to these fluids to overcome specificwill produce the appropriate volume of air:
downhole problems. Air with additives is referred to as

“foam.” A freshwater- or saltwater-based drilling fluid V (D, - d?
with additives is commonly called “drilling mud.” A fifth Q= h ° (4-1)
type of drilling fluid is the oil-in-water emulsion or oil- 12.732

based mud. However, this category of drilling fluids is
not commonly used for geotechnical engineering investi- where
gations and therefore is not discussed herein.

Q = compressor capacity, dfsec
a. Compressed air Compressed air is a very effec-
tive drilling fluid for drilling in dry formations in arid V = air return velocity, m/sec
climates, in competent consolidated rock, or in frozen
ground. Only minor modifications to a conventional D, = borehole diameter, cm
drilling rig and drill bits are required to drill with com-
pressed air as compared to drilling with mud. An air d, = drill pipe outside diameter, cm

compressor with its complement of pressure gauges,

safety valves, storage tank, etc., is required. A deliveryOnce the flow rate or compressor capacity has been
hose is needed to connect the air supply to the kelly ofselected, the pressure requirements should be checked to
the drill rig. A deflector should be placed over the bore- ensure that the compressor will meet the minimum
hole to deflect the cuttings which are brought to the requirements and that the pressure ratings of the pipes and
surface by the compressed air. When drilling frozen fittings will not be exceeded. The pressure range for the
formations, refrigeration equipment may be required to compressor can be estimated from Equation 4-2 (O’Neil
chill the compressed air before it is pumped into the bore-1934):

hole, especially if the ambient temperature is warmer than
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Q (T)° references on compressed air technology are available in
y = ————— - 101 (4-2)  the literature.
3.5366d “ C
Compressed air has several advantages over other types of
where drilling fluids. Generally, air more efficiently cleans the
drill bit which extends its life, probably as a result of less
p, = gauge pressure, kPa grinding of the cuttings. Although rotary bit speeds are
practically identical to drilling with water and muds, air
Q = compressor capacity, dfmec drilling is usually faster than mud drilling due in part to
the increased weight (approximately 20 percent) on the
T, = upstream temperature (absolute, deg F) drill bit. However, in softer formations the penetration
= 459.7 + [1.8 x (upstream temperature, deg C) rate must be reduced to prevent squeezing around the bit
+ 32] and blocking fluid ports. Accurate logging of material
changes can be easily noted as the cuttings, which gener-
d = inside diameter of drill pipe or coupling, cm ally vary from a fine powder to the size of a thumb nail,
are uncontaminated. For example, during an investigation
C = coefficient of flow; use 0.65 for sharp-edged of a landslide, subtle changes of moisture content can be
orifices more easily detected using compressed air than when

using water or drilling mud. When formations containing
An example of the use of Equations 4-1 and 4-2 follows. expansive clays and shales or gypsum are drilled using
The upward velocity of air required to carry the cuttings air, water is not used and therefore cannot be imbibed by
to the surface was estimated to be 25 m/sec (5,000 ftthe soil. When the drilling is in cavernous material, the
min). The diameter of the borehole was assumed to beexpense of lost circulation of drilling muds is eliminated.
19.7 cm (7.75 in.); this value corresponds to the OD of In cold climates, the potential of freezing the drilling mud
the 15.2- by 19.7-cm (6- by 7-3/4-in.) core barrel. It was is eliminated when compressed air is used as the drilling
also assumed that flush coupled NW drill rods would be fluid.
used. The OD of NW drill rods is 6.668 cm (2.625 in.),
the ID is 5.715 cm (2.250 in.), and the ID of the coup- The use of compressed air for the drilling fluid also has
lings is 3.493 cm (1.375 in.). The upstream air tempera-disadvantages. Core drilling with air may present specific
ture was estimated as 20 deg C (68 deg F). Using theproblems because of constrictions in the flow path, i.e.,
values of V = 25 m/sec (5,000 ft/min)D, = 19.7 cm  the head of the core barrel, past the bit, and past the small
(7.75 in.), andd, = 6.668 cm (2.625 in.), the minimum annular area between the core barrel and the wall of the
compressor capacity was determined to be 675/sku hole, especially if coring systems designed for use with
(1,430 f/min) according to Equation 4-1. Using values water are used. When drilling is in caving formations,
of T, = 20 deg C (68 deg F or 527.7 deg absolute) dnd too large an annulus may result; the return velocity of the
= 3.493 cm (1.375 in.), the gauge pressure was deterair will decrease and may become inadequate to lift the
mined by Equation 4-2 as 452 kPa (65 psi). soil cuttings. Air works best as a drilling fluid when free

water is not present in the material being drilled; however,
If the compressor capacity calculated according to Equa-dust suppression may be required to prevent the adverse
tion 4-1 or the pressure calculated according to Equa-health effects of breathing the expelled dust, especially
tion 4-2 is approximately equal to the capacity of the when drilling is in siliceous materials and in confined
compressor or the piping, a more rigorous determinationareas such as drainage and grouting galleries. The pres-
of these parameters should be conducted before the acquence of water in the hole or from cuttings of wet but not
sition and mobilization of the equipment is initiated. It saturated clay or shale formations reduces the capacity of
should be noted that leaks, head losses, frictional warmingthe air to carry cuttings from the hole and often causes
of the air, etc., were not considered for the example. It the cuttings to ball and cling to the drill bit, drill rod, and
was also assumed that the smallest orifice was the ID ofwalls of the borehole. When this condition occurs, the
the coupling. However, it is probable that smaller ori- chance of the drilling tools getting stuck in the hole is
fices, such as fluid ports on the drill bit, would constrict increased. Moreover, the pressure at the bottom of the
the flow of compressed air. Therefore, consideration of borehole may be increased sufficiently to fracture the
all aspects of drilling with air should be addressed before formation. Consequently, the use of air for drilling most
the design of the system is finalized. A number of clays and shales is not recommended.
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b. Foam Foam or mist may be added to com- gains during drilling are excellent qualitative indicators of
pressed air to enhance its performance, especially wherzones of potential seepage and zones which require grout-
too much water is encountered when air drilling forma- ing. If pressure tests are to be conducted, water in joints,
tions such as clays and shales. Foam will help keep thefractures, or bedding planes is less likely to influence the
cuttings separated, reduce the effects of balling and stick-apparent permeability of the formation as compared to the
ing, assist in removing water from the drill hole, and effects of drilling mud. If geotechnical strength tests are
allow larger cuttings to be removed from the hole with to be made on cores, water may be less likely to alter the
the same volume of air. Because the removal of largerapparent strength along preexisting discontinuities than
cuttings from the bottom of the hole is enhanced and thusdrilling muds which may have constituents with lubricat-
helps to assure better cleaning of the hole, faster bit peneing qualities. Clear water may be used where formation
tration due to less grinding of cuttings and longer bit life water pressures are normal or subnormal, although it does
result. Foam is also used as a dust suppressant and wilhot work well in highly permeable or water-sensitive
reduce air loss, which allows drilling through lost circula- formations.
tion zones.

Water alone is a poor hole stabilizer, may cause clays and
Foaming agents are generally biodegradable mixtures ofshales to swell, does not suspend cuttings well when the
surfactants. During drilling operations, a mixture of the pump is shut off, and offers minimal lubrication and no
foaming agent and water is injected into the compressedcontrol of fluid loss. Therefore, it is often imperative that
air stream between the compressor discharge and the topertain inorganic or organic constituents be added to water
of the hole at a rate of 1,000 to 2,000 Hhr (265 to to control the properties of the drilling mud, such as
530 gal/hr), although this rate may be adjusted for theweight or density, viscosity, and filtration characteristics,
conditions encountered. The foam ranges from a mist ofwhich better satisfy drilling needs.
as little as 0.25 df(1/2 pint) foaming agent per 380 dm
(100 gal) of injection water to a stiff foam consisting of a d. Water-based muds These fluids are the work-
mixture of bentonite slurry and/or organic polymer, water, horses of most geotechnical drilling and sampling opera-
and foaming agent. The foam mist is generally adequatetions. The most common additive to form a water-based
to suppress dust, combat small water inflow, and removemud is bentonite, although polymers have been developed
sticky clay, wet sand, and fine gravel in holes with few and perform well for most drilling operations. These
hole problems. Stiffer foam is required as the hole diam- drilling fluids plus appropriate additives fulfill all primary
eter and depth increase, gravel or cuttings become largerand secondary purposes listed in paragraph 4-1. The
water inflows become significant, or unstable hole condi- primary disadvantages of using drilling mud are: a large
tions are encountered. Injection of mist or foam may volume of drilling fluid (water) is required, and a high
require an increased return velocity of 30 percent or morepotential for hole erosion exists. As a rule of thumb, the
as compared to strictly air drilling. Because foam drilling volume of mud required to drill a hole is approximately
is not commonly used in Corps of Engineers activities, it three times the volume of the hole. The flush or return
is recommended that anyone planning to use foam drillingvelocity of the drilling fluid coupled with its viscosity is
should investigate available products and manufacturer'spotentially hazardous to erodible materials in boreholes.
recommendations.

Uphole mud velocities which are required to carry cut-

c. Clear water Water is generally a cost-effective tings from the boring vary as a function of the size and
and efficient drilling fluid which has been used for density of the cuttings and the viscosity and weight or
numerous drilling operations. The drilling fluid is formed density of the driling mud. Typical uphole velocities
naturally by mixing clear water with cuttings of soil from range from 0.2 to 0.7 m/sec (40 to 140 ft/min). Equa-
the formation which is being drilled. In some instances, tion 4-1 may be used to size the mud pump capacity.
such as the drilling of formations in which temperatures
are naturally at or slightly above 0 deg C (32 deg F), ice (1) Bentonite mud Bentonite is the most commonly
water or a brine of ice water and salt may be used as theused drilling fluid additive and consists of finely ground
drilling fluid. sodium bentonite clay. When mixed with water, the

resulting slurry has a viscosity greater than water, pos-
Drilling with clear water has several attributes. Cuttings sesses the ability to suspend relatively coarse and heavy
drop easily from suspension. Clear water is preferredparticles, and tends to form a thin, very low permeability
when bedrock core drilling for dam site investigations or cake on the walls of the borehole. Because of these attri-
hydraulic pressure testing is required. Water losses orbutes, bentonite drilling mud is superior to water as a

4-3



EM 1110-1-1906
30 Sep 96

drilling fluid for many applications. Bentonite for drilling mud products, can satisfy the drilling needs for most
is generally available in a standard grade which compliesgeotechnical investigations.
with the American Petroleum Institute (API) Specification
13A (American Petroleum Institute 1983). A high yield Table 4-1 summarizes each property, its desirable limits
grade, which contains organic polymers, generally pro-and control, and its influence on drilling operations.
duces approximately the same viscosity as the standardable 4-2 is a summary of additives/chemicals which can
grade with one-half the amount of bentonite. It should be be mixed with drilling mud to control properties or mini-
noted, however, that the standard grade bentonite maymize/eliminate problems encountered during drilling oper-
contain peptizing agents and organic additives. For envi-ations. Although these tables give a general overview of
ronmental drilling where additives are unacceptable, puredesirable drilling mud properties, special problems may
sodium bentonite is available from several suppliers. require technical assistance from drilling mud manufactur-
ing companies.

(2) Polymer mud Both natural and synthetic organic
polymers are available that will produce drilling muds a. Viscosity Viscosity is defined as the resistance
with desirable properties. Although the cost of most offered by a fluid (liquid or gas) to flow. The thicker a
polymer additives is greater than the cost of bentonite, theparticular fluid is the higher its viscosity. Accurate mea-
lubricating quality of many polymer muds is excellent and surement of the viscosity of drilling mud is dependent on
can noticeably reduce bit and rod wear. As compared toa number of factors and requires special equipment. The
bentonite muds, polymer muds often contain a lower basic factors which affect the viscosity of a mud are the
solids content. Although polymer muds may lack the gel viscosity of the base fluid (water); the size, shape, and
strength which is required to suspend particles or to formnumber of suspended particles; and the forces existing
a satisfactory filter cake as compared to bentonite mudsbetween particles as well as between particles and the
polymer muds can be pumped at much higher viscosities fluid.
Consequently, the water loss due to poorer filter cake
properties is partially mitigated by reduced seepage of theFor field applications, a qualitative viscosity measure can
very viscous mud into the formation. A natural polymer, be obtained by the Marsh funnel, which is shown in Fig-
which has been used for drilling wells and piezometers, isure 4-1. The funnel viscosity is the time in seconds for
made from the Guar bean; it degrades naturally becausd quart (0.946 dri) of mud to pass through the Marsh
of the action of enzymes and returns to the viscosity of funnel, expressed as seconds per quart (sec/qt). To deter-
water within a few days. mine the viscosity using the Marsh funnel, hold the funnel

in an upright position and place a finger over the outlet.

(3) Bentonite/polymer mud It is sometimes advanta- Pour the test sample, which has just been taken from near
geous to prepare drilling muds composed of both benton-the pump suction end of the mud pit, through the screen
ite and polymer with water. The low solids viscosity into top of the funnel until the level of drilling mud just
properties of organic polymers when combined with the reaches the bottom of the screen. Place a cup under the
filtration properties of a bentonite mud yields a mud with funnel outlet. Remove the finger from the outlet and time
excellent characteristics for many applications. When thethe number of seconds for one quart of fluid to flow from
combination mud is prepared, the bentonite should bethe funnel into the cup. The number of seconds is

added to the water before the polymer is added. recorded as the funnel viscosity. If available, a stopwatch
should be used for measuring the time. The usual range
4-3. Properties of Water-Based Muds of Marsh funnel viscosities for good effective bentonite

mud is 32 to 38 sec/qt (34 to 40 secRimfor polymer
Drilling muds have four basic properties that determine muds, funnel viscosities of 40 to 80 sec/qt (42 to
the behavior of the mud as a drilling fluid: viscosity, 85 sec/dr) are reasonable. For comparison, the funnel
density, gel strength, and filtration. Several other proper-viscosity of fresh water is 28 sec/qt (30 secRinat
ties, although of lesser importance, need to be checked?0 deg C (68 deg F).
especially if problems are anticipated or encountered.
These properties include sand content, pH (alkalinity or As a general rule, viscosity should be maintained as low
acidity), and calcium content (hard water). Although tests as possible to provide the required hole stability and water
are available to measure each of these properties, simpléss control. Thin mud does the best job of cleaning the
field tests for viscosity and density, coupled with an bit and optimizing the drilling rate, but thick muds are
understanding of drilling and the capabilities of available needed to remove coarse gravel from the hole. Marsh
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funnel viscosity readings should be taken routinely and solids, hydraulic fracturing of the formation is more likely
recorded on the boring log. to occur. Lastly, a denser fluid has greater buoyancy;
therefore, the cuttings are less likely to settle out in the
For most drilling operations, acceptable limits can be mud pit.
obtained by adding approximately 22.7 kg (50 Ib) of
bentonite per 375 din(100 gal) of water. Because the The density of the drilling mud should be routinely deter-
characteristics of the additives of polymer muds are quitemined. Although there are situations when dense drilling
different than those of bentonite, the solids content of fluids are desirable, measures should be taken when the
polymer mud is much lower than the solids content of density becomes too high. The density of a bentonite
bentonite mud of the same viscosity. Natural clay muds mud can be decreased by adding water or increased by
which occur as a result of drilling with clear water are adding a finely ground, high specific gravity additive such
inferior to bentonite muds in their ability to increase vis- as barite (barium sulfate). Polymer muds are not capable
cosity. Much more clay is needed to achieve a given of suspending a weighting agent because they have little
viscosity; the resulting mud will have a higher density and or no gel strength. However, since many polymers are
generally poorer qualities than a bentonite drilling mud compatible with salt solutions, polymer muds with densi-
has. ties of over 1,380 kg/Mm(11.5 Ib/gal) can be made by
mixing the polymer with a saturated calcium chloride
b. Density Density is defined as the weight per unit solution.
volume of drilling fluid. It is commonly reported as kilo-
grams per cubic meter (kgAnas well as pounds per c. Gel strength The measure of the capability of a
gallon (Ib/gal) or pounds per cubic foot (pcf). The drilling fluid to hold particles in suspension after flow
desired density, which is frequently incorrectly called ceases is referred to as gel strength (thixotropy). Gel
weight, for most drilling situations is usually less than strength results from the electrical charges on the individ-
1,080 kg/ni (9.0 Ib/gal) and can be easily determined by ual clay platelets. The positively charged edges of a
a mud balance which is shown in Figure 4-2. platelet are attracted to the negatively charged flat sur-
faces of adjacent platelets. In a bentonite mud in which
To determine the density of the drilling fluid with the the particles are completely dispersed, essentially all the
mud balance, fill the cup to capacity with fresh, screenedbonds between particles are broken while the mud is
mud. Place the lid on the cup and rotate the lid until it is flowing. When the mud pump is shut off and flow
firmly seated. Make sure that some driling mud is ceases, the attraction between clay particles causes the
squeezed out the vent hole. Wash or wipe the excesslatelets to bond to each other. This coming together and
mud from the exterior of the balance. After the exterior bonding is termed flocculation. This edge to face floccu-
surface of balance has been dried, seat the balance withation results in an open card-house structure capable of
its knife edge on the stand and level by adjusting the suspending cuttings and sand and gravel particles. This
rider. Read the mud density from the inside edge of theproperty also suspends finely ground, high specific gravity
rider as indicated by the marker on the rider. Any of the material such as barite (G= 4.23) when high-density
scales on the rider may be used to express the mud dengdrilling muds are required. The capability of keeping
ity, although kilograms per cubic meter or pounds per cuttings in suspension prevents sandlocking (sticking) the
gallon are the most commonly used scales. The calibra-tools in the borehole while drill rods are added to the
tion of the mud balance can be easily checked by filling string and minimizes sediment collecting in the bottom of
the cup with fresh water. It should read 1,000 k§/m the hole after reaming and before going back in the hole
(8.34 Ib/gal). with a sampler. A drawback to this property is that cut-
tings do not readily settle out of the driling mud in the
An increase in density of the drilling mud is a measure of mud pit and may be recirculated, thus resulting in grind-
how much drilled material is being carried in suspensioning of particles by the drill bit, increased mud density,
and recirculated. Excess suspended solids are objectionincreased mud pump wear, and lower penetration rate.
able for several reasons. First, the cuttings are generallyPolymer drilling fluids have essentially no gel strength.
abrasive and increase wear on the mud pump, drill string,
and bit. Regrinding of the cuttings also tends to decrease  d. Filtration. Filtration refers to the ability of the
the rate of drilling progress. A thicker filter cake will be drilling fluid to limit fluid loss to the formation by depo-
formed on the walls of the borehole as a result of the sition of mud solids on the walls of the hole. During
higher concentration of solids. As a result of the greaterdrilling operations, the drilling fluid tends to move from
hydrostatic pressure caused by the higher concentration ofthe borehole into the formation as a result of hydrostatic
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pressure which is greater in the hole than in the forma-excessive additives for the mud properties achieved. A
tion. As the flow of drilling fluid (water) occurs, the simple, yet effective, mud mixer can be fabricated as
drilling fluid solids are deposited on the walls of the illustrated in the schematic diagram in Figure 4-3. Fig-
borehole and thereby significantly reduce additional fluid ure 4-4 is a photograph of jet mixer for introducing solids
loss. The solids deposit is referred to as a filter cake.such as bentonite into the drilling mud. High-shear
The ideal filter cake is thin with minimal intrusion into mechanical mixers will also effectively mix the mud
the formation. The thickness of the filter cake for a par- materials.
ticular mud is generally a function of the permeability of
the formation. For example, the filter cake in a clay Cuttings which are transported from the drill bit to the
interval of the borehole would be thinner than in a sand surface by the drilling mud must be dropped prior to
interval. recirculation to minimize regrinding. Although the viscos-
ity and density of the mud control these characteristics,
Clean, well-conditioned bentonite drilling mud will the properties of the mud can be enhanced by careful
deposit a thin filter cake with low permeability. Natural design of the mud pit in which cuttings are deposited.
clay muds which result from drilling with clear water The mud pit may be either a dug pit or a fabricated porta-
have much less desirable filtration properties than doesble mud pit; the latter is recommended in most cases. In
high-grade sodium montmorillonite (bentonite). The either case, the pit should be designed to allow adequate
natural clay mud will deposit a much thicker (can be time for the cuttings to settle out of the mud before it is
more than 30 times thicker) filter cake than that of ben- recirculated. Considerations in the design of the mud pit
tonite mud. A thick filter cake has a number of disadvan- should include: (a) the mud should flow slowly in thin
tages which include the possibility that the cake may besheets; (b) it should change directions frequently; and
eroded by circulating drilling fluid, may cause the drill (c) it should flow as far as possible. To accomplish these
pipe to stick, or may cause reduced hydrostatic pressureconsiderations, the design of the mud pit should be shal-
and partial collapse of the walls of the borehole during low with a large rectangular surface area. Baffles can be
tool removal. The reentry of drilling equipment into the used to force the mud to change directions frequently.
borehole lined with a thick filter cake could result in a The volume of the mud pit should be approximately three
pressure surge with an accompanying increased potentiaimes larger than the volume of the hole to be drilled. A
for hydrofracture of the formation. Polymer muds are schematic diagram and a photograph of a portable mud pit
low solids muds and do not form a filter cake as such. are given in Figures 4-5 and 4-6, respectively.
However, polymers tend to reduce fluid loss because they
have a high affinity for water and form swollen gels Excessive cuttings are seldom a problem when core drill-
which tend to plug the formation pores in the borehole ing but are common when drilling without sampling in
wall. The data presented in Table 4-3 may be useful insands and gravels. In some cases, it may be very difficult

correcting the problem of lost circulation. to obtain acceptable rates of settlement of the cuttings in
the mud pit. Consequently, the cuttings may be recircu-
4-4. Mixing and Handling lated and reground during recirculation. Desanding cones

are available which effectively remove extraneous solids
Water quality, method of mixing, and mud pit design are that do not settle out in the mud pit. Figure 4-7 shows a
important to the effective use of water-based drilling small desanding cone.
muds. Water for bentonite muds should have a pH of 7
to 9.5, but should not have calcium hardness in excess o#-5. Drilling and Sampling Problems
100 parts per million (ppm); the chloride content should
be less than 500 ppm. Polymer muds may work in eitherDuring conventional drilling and sampling operations,
fresh or salty water, although some polymer additives dounanticipated problems may be encountered. For exam-
not work well in water with high pH or that contains ple, an unstable formation or a zone of lost circulation
more than 3-ppm iron. Manufacturers’ literature should may be encountered, or samples may be extremely diffi-
be checked for water quality recommendations whencult to recover or of very poor quality. The technology
drilling mud additives are selected. presented in Table 4-3, when used in conjunction with
data presented in Tables 4-1 and 4-2, can be used to
Effective dispersion and hydration of the drilling mud design a high-quality drilling fluid which can be applied
solids is dependent on proper mixing. Sprinkling or pour- for a wide range of drilling and sampling conditions
ing the dry additives into the water and relying on the encountered during geotechnical investigations. For most
drill rig pump to mix will result in a lumpy mud with cases, a properly designed drilling fluid can minimize
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adverse drilling and sampling problems while simulta- (9.0 Ib/gal) is to counteract the high lateral stresses which
neously enhancing the capabilities of and extending theoften exist in foundation clays very near or beneath large
life of the drilling and sampling equipment. Selected embankments. The use of bentonite mud weighted with

topics are discussed in the following paragraphs. barite can be very effective in preventing squeezing due
to the lateral stresses. However, weighted drilling mud
a. Hole stabilization should not be used for drilling through the embankment,

as the embankment material could be hydrofractured by
(1) Caving Caving is often associated with unce- the hydrostatic pressure of the drilling fluid.
mented sands and gravels, especially when removing
samples from the hole. The problem can usually beBecause of the potential for hydraulic fracturing, it is
remedied by maintaining excess hydrostatic pressure indesirable to drill an embankment without drilling fluid.
the borehole. During drilling, circulating water is often One method is the use of augers. However, if it is not
adequate to maintain hole stability. However, when the possible to conduct the drilling without a drilling fluid,
pump is shut off, the water level in the borehole tends to clear water or water-based mud may be the only suitable
drop to the water level in the formation. In order to solution to the problem but should be used only with
maintain a fluid level in the hole above the groundwater extreme caution. The viscosity, density, and gel strength
level, a filter cake is required for filtration control of the of the mud should be kept to a minimum. Drilling tools
drilling mud. Either bentonite or bentonite/polymer mud should be raised and lowered very gently. The fluid
can be used to build a filter cake that effectively controls pump should be engaged slowly. The recirculation of
caving. The viscosity of the mud should be as low as solids in the drilling fluid should be carefully monitored
practical to provide a stable hole. Polymer muds canand minimized.
sometimes be used for this purpose, although the cost of a
polymer mud is generally greater than the cost of a ben-After the hole has been drilled through the embankment,
tonite mud of similar viscosity. casing should be set through the embankment and seated
in the foundation material. The water or low density mud
If samples are taken in a mud stabilized hole in sand orwhich had been used to drill the embankment can then be
gravel, the sampler should be withdrawn slowly from the removed from the borehole and replaced with bentonite
hole to avoid creating negative hydrostatic pressure belowmud weighted with barite before the potentially squeezing
the sampler. Care is also necessary to ensure that th&undation soils are drilled.
mud level in the borehole is maintained above the static
water level as the sampler and rods are withdrawn. A Swelling clays and shales can be stabilized by polymer
suggested method to help maintain a constant fluid levelmuds. Polymer muds form a protective coating on the
in the borehole and to reduce the negative hydrostaticwater sensitive materials which inhibits swelling of either
pressure below the sampler is to operate the mud pump athe borehole wall or cores in the sample barrel. Polymer
a low pressure and flowrate as the rods are withdrawn.muds also inhibit the dispersion of the clayey cuttings into
An alternative method is to pump mud from the pit to the the drilling mud which tends to make the clay cuttings
top of the hole through the bypass hose. Fractured claydess sticky and less likely to adhere to each other. Hence,
may also cause a hole to cave which can generally bethe potential for hydrofracturing is reduced.
controlled in the same manner as for caving sands or
gravels. b. Control of hydrostatic pressurelt is sometimes
necessary to drill formations where the piezometric sur-
(2) Squeezing ground Squeezing ground can result face is above the ground surface. If this situation occurs,
from either high lateral stresses acting on weak soils orsuch as near the downstream toe of a dam, advanced
expansive clays or shales imbibing water from the drilling planning is required to ensure that the flow of water in
fluid and swelling into the borehole. In most cases, the borehole is controlled.
squeezing and hole deformation occur soon after encoun-
tering the particular formation. The importance of main- Suggested methods for controlling excess hydrostatic
taining stable hole conditions cannot be overemphasizedpressures in boreholes include the use of casing filled
Once the stable cylindrical shape is lost, hole stability with water or drilling mud, the use of weighted drilling
becomes a greater problem. mud, and the use of a wellpoint system. If the piezomet-
ric surface is less than approximately 0.3 to 0.6 m (1 to
A good example of when it may be necessary to exceed? ft) above the ground surface, a section of casing may be
the recommended maximum mud density of 1,080 Rg/m extended above the ground surface and filled with water
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or drilling mud prior to commencing the drilling opera- Y. = 1,410 kg/m
tions. This height of the casing was selected as represen- = 11.7 Ib/gal

tative of the clearance between the bottom of the drill rig

and the ground surface. When the proper head of watemDiscussion:

is maintained in the casing, the flow of fluid into or out

of the borehole can be minimized. It should be noted for the example that the factor of
safety with respect to flow of water is 1.0. This condition

If the piezometric surface is greater than about 0.6 mis most desirable. If the mud density is too low, ground-

(2 ft) above the ground surface, a wellpoint system or thewater will tend to flow into the borehole and increase the

use of weighted drilling mud may be required. The potential for piping of formation materials. If the mud

increase of mud density which is needed to balance thedensity is too high, the potential for hydrofracturing of the

formation pressures can be achieved by adding barite to dormation is increased.

bentonite mud or by using a polymer mud in a calcium

chloride solution. When weighted drilling muds are used, To maintain a factor of safety of 1.0, the following guid-

care should be exercised to ensure that hydrofracturing ofance is offered. Make an estimate of the required density

the subsurface formation does not occur. A discussion ofof the drilling mud to balance the excess hydrostatic pres-

the design and installation of a wellpoint system to con- sure, as illustrated in the example. During drilling opera-

trol excess hydrostatic pressures is not within the contexttions, frequent observations of the flow of water (or

of this manual. drilling mud) into or out of the borehole should be made.
If groundwater tends to flow into the borehole, the density

The following example is cited for estimating the required of the drilling mud should be increased slightly. If there

mud density (weighted mud) to balance the hydrostaticis no tendency for seepage of groundwater into the bore-

pressure in the aquifer: hole, the weight of the drilling mud may be excessive and
should be decreased slightly until an equilibrium condition
Problem: is obtained. This condition can be accomplished by add-

ing clear water to the drilling mud until the groundwater
A 6 m (20 ft) layer of clay overlies an aquifer in sandy tends to slowly seep into the borehole. It is imperative
soil. The piezometric surface of the aquifer is 2-1/2 m that an equilibrium condition for the hydrostatic pressures
(8 ft) above ground surface. What is the density of theis maintained to ensure stability of the foundation
drilling mud required to balance the hydrostatic pressureconditions.
in the aquifer?
c. Improved sample recovery
Solution:
(1) Soil sampling The overall quality of the soil
The critical fluid pressureR)) which must be balanced samples is generally better when a bentonite based drilling
during drilling is the pressure at the top of the sand (6 m mud, as compared to other drilling fluids, is used. Several
of clay plus 2-1/2 m hydrostatic head above the clay explanations are available. The use of mud with a fixed-
strata). The unit weight of watery,) is 1,000 kg/m piston sampler results in a more effective seal at the
(8.34 Ib/gal). The fluid pressure of a column of water piston with less chance of sample loss. Furthermore,
(P,) is 9.8 kPa/m (0.43 psi/ft) of height. bentonite mud forms a filter cake (membrane) on the
bottom of the sample; the hydrostatic forces act on this

P. = height of piezometric surface above ground membrane in the same manner as on the walls of the
surface *P,, borehole to hold the sample in the sampling tube. The
= 8-12 m * 9.8 kPa/m ability to maintain the drilling fluid level at or near the
_ top of the hole increases the possibility of a full sample
P, = 83 kPa )
¢ 12 psi recovery because of buoyancy effects; the buoyancy

effects are very important, especially when sampling

sands below the water table. Fluid pressure can be con-
trolled to prevent both squeezing and sand heaving.
Heaving is particularly undesirable in liquefaction studies

where small changes in density and stress relief are very
important.

The mud density \(,) required to balancé, at the sand
and clay interface can then be calculated.

Yo = (P.* V) / (P, * depth to sand)
= (83 kPa * 1,000 kg/f) / (9.8 kPam * 6 m)
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Bentonite or bentonite/polymer muds are usually suitablepumps which are ideal for core drilling but are somewhat
for most soil sampling applications. Weighted bentonite undersized for nonsampling drilling, such as for cleaning
mud may be required to reduce hole squeezing or to balthe borehole between soil samples or for installation of
ance high hydrostatic pressures. Mud migration into tubepiezometers or wells or various types of instrumentation.
samples or into the virgin material in the bottom of the To overcome this problem, proper design of the drilling
borehole has been observed to be minimal. However, thanud and the effective use of the drilling equipment must
comparison of gradations from SPT samples and fixed-be considered. Recall that hole cleaning is controlled by
piston thin-walled tube samples of sands suggests mudhe uphole velocity of the drilling fluid as well as its
contamination of the SPT samples as evidenced by aviscosity and density. As given by Equation 4-1, the
higher percentage of fines. uphole velocity is dictated by the pump capacity and the
area of the annulus between the drilling tools and the
(2) Rock coring Core recovery and overall sample walls of the borehole. For most cases, the diameter of the
quality can be improved in some situations. In most hole is predetermined by sampling or instrumentation
cases, clear water is the most desirable and cost-effectiveequirements. However, the viscosity and density of the
drilling fluid for rock core drilling. However, drilling  drilling fluid can be enhanced by additives. In most
muds, especially polymer muds, have specific applica-situations, it is better to increase viscosity while keeping
tions, e.g., polymer muds can be effective in reducing themud density as low as possible. Bentonite or bentonite/
swelling of clay shales. In some instances, swelling polymer muds are usually the most effective means of
shales are effectively cored with apparently good recov-making a drilling mud of the required viscosity. If a very
ery; however, due to their swelling in the core barrel they high viscosity is needed, a polymer mud might be most
are essentially destroyed when the swollen core iseffective since it is a low solids mud and has a very low
removed from the barrel. gel strength which would allow better removal of the
cuttings. The use of weighted mud can be advantageous
Polymer muds have also been effective in improving corewhen large cuttings or gravel must be removed from the
recovery and reducing mechanical core breakage duringole.
drilling of generally competent rock containing weaker
shale partings, bands, and thin beds. The overall strength e. Solids recirculation Recirculation of excessive
of the rock mass is generally controlled by the geometry solids results in increased density of the drilling mud.
and strength of the much weaker shale seams. In todThe adverse effects include a reduced rate of drilling with
many cases, these weak zones are represented by a coam increased potential for hydraulic fracturing, an increase
loss. Sheared surfaces often exist in the weak zones andf the thickness of the filter cake which is more easily
are also lost during drilling. Because of the superior eroded and contributes to a less stable hole as compared
lubricating qualities of polymer muds, their low solids to a thin filter cake, and excessive abrasive solids in the
content, and nonwetting properties, they offer improved drilling mud which cause significant wear to the mud
recovery of the critical shale zones which eliminates worst pump and the drilling tools. In most cases, a well-
case strength assumptions. In addition, the uphole velocdesigned portable mud pit and a carefully selected low
ity of the drilling fluid can be reduced because of the solids mud with an appropriate gel strength coupled with
increased viscosity of the mud; the effect is to reduce theregular mud density measurements will control the prob-
probability of washing away weak bedrock materials. lem. However, desanders may be needed when drilling
large-diameter or deep holes in sands and gravels.
The three factors following must be considered if a drill-
ing mud is to be used: the effects of a “slick” polymer The addition of polymer additives to the drilling fluid also
mud on laboratory test results, especially if the sampleacts to reduce wear on drill rods, core barrels, and pumps.
contains open fractures or bedding planes which must beThe benefits are most noticeable when drilling abrasive
tested, the impact on borehole hydraulic pressure testock types such as sandstones and rock containing chert.
results if mud migrates into the fractures, and the easeln addition to the reduced wear, the drilling operations are
with which the mud releases the cuttings in the surfaceoften smoother with less rod “chatter” resulting in less
settling pit especially if the cuttings are fine, as from broken core. Although the concentration of polymer addi-
diamond drilling operations. tives for this purpose is relatively low, the potential
impact on hydraulic pressure test results must be consid-
d. Enhanced pump capacity Because excessive ered. Experience as well as the manufacturer's recom-
pump capacity has a negative impact on core recoverymendations should dictate the choice and concentration of
many drill rigs used for geotechnical investigations have the additives.
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4-6. Limitations and Precautions slowly and smoothly. Rotating the tools as they are
raised and lowered may also be helpful. The pump
As with all other aspects of planning and executing a should be engaged slowly to begin circulation. Due to the
quality drilling and sampling program, all facets of the recirculation of cuttings, the mud weight will tend to
selected drilling fluid should be understood and consid- increase with drilling time. Until an experience base has
ered. A discussion of limitations and precautions for the been developed, use a maximum allowable density of
use of drilling fluids for selected drilling and sampling 1,080 kg/m (9.0 Ib/gal). If this density is exceeded,
operations follows. replace the used mud with freshly mixed mud. Select
drilling methods which minimize the formation of a mud
a. Hydraulic fracturing Hydraulic fracturing of  collar which tends to create zones of high pressure in the
earth dam embankments is a concern whenever a drillingdrilling fluid below the obstructions. Fishtail bits cut long
fluid is used in the fill. The potential for hydraulic frac- ribbons which tend to form obstructions. Long-toothed
turing has been directly attributed to the use of com- roller bits rotated at fairly high angular velocities with
pressed air as the drilling fluid; hence, the use of little downward pressure create kernel-like, easily trans-
compressed air for drilling in earth dams is prohibited by ported cuttings. Polymers reduce the tendency of clays to
ER 1110-2-1807. Likewise, the potential for hydraulic become sticky.
fracturing to occur whenever water or water-based drilling
mud are used also exists. However, it is easier to control b. Formation permeability If a mudded borehole is
the drilling fluid pressures when using water or mud than ultimately to be used for the installation of a water well,
when using compressed air. Therefore, the risk of piezometer, pore pressure device, or monitoring well or if
hydraulic fracturing is minimized. For these reasons, dry it is to be pressure tested, one must assume that a filter
drilling methods which do not use a circulating fluid, such cake was formed and that it has invaded the pore space of
as dry hole augering, may offer an ideal solution for granular materials, the fractures of bedrock, or even clays
specific problems of drilling in embankment dams. to some unknown distance. To have an efficient water
Unfortunately, dry drilling methods are not always practi- well or observation device or to avoid erroneous chemical
cal or even possible for many cases. analyses from monitoring wells, it is important that the
filter cake be broken down and removed and the perme-
Several factors should be considered when water or waterability of the drilling mud invaded portion of the forma-
based drilling mud are used for drilling in embankment tion be restored. Restoration of the formation requires
dams. The sensitivity of an embankment to fracturing is careful attention to and the evaluation of development
dependent upon the strength properties, the tightness ofechniques. Often, an effective first step is to flush mud
lift planes, and the stress distribution in the compactedfrom the hole and replace it with clear water after setting
embankment. Hydraulic fracturing is most critical in and the pipe and screen but before adding the filter pack. An
perhaps most likely to occur in the impervious core. The alternative procedure consists of drilling with mud to a
pressure which is needed to extend a fracture may be lespoint just above the tip, filter, and seal interval. Casing is
than the pressure required to initiate the fracture. Hydrau-then set to the bottom of the mud-filled hole and carefully
lic fracturing is more likely to occur when using core sealed. The mud is either bailed from the casing or
barrel sampling devices, e.g., the Denison or Pitcher sam{lushed out and replaced with clear water. The hole is
pler, because drilling fluid must flow at high pressures then drilled with clear water to the final depth, the device
through the small annular space between the sampler andet, and the filter and seal placed. The remainder of the
borehole wall. Poorly maintained piston-type mud pumps backfill is placed concurrent with pulling the casing. A
exhibit pressure surges which can easily fracture thedegradable natural polymer made from the Guar bean has
embankment. also been used for drilling wells and piezometers.
Although the polymer reportedly degrades naturally
If the wet drilling method is required, the equipment is in because of the action of enzymes and returns to the vis-
good working order, and the samplers have been carefullycosity of water within a few days, the effects of the deg-
selected, several precautions should be observed. Theadation of this product on the chemical analysis of water
viscosity and density of the drilling mud should be kept at should be considered.
the minimum required to clean and stabilize the hole.
The viscosity and density should be checked frequently c. Environmental drilling It is preferable to drill
during drilling operations. Polymer or bentonite/polymer monitoring wells for the investigation of hazardous and
muds may be used to keep the gel strength low. Thetoxic waste sites with dry drilling methods, such as the
drilling tools should be raised and lowered in the hole hollow-stem auger or churn drill methods. However, in
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many cases mud rotary drilling is the most effective and 4-7. Good Drilling Practices
practical method. When mud is used for environmental
drilling, certain precautions should be observed and prac-Careful drilling practices used in conjunction with a drill-
ticed. Very complete and careful development of moni- ing fluid which is most suitable for the purpose(s) of the
toring wells is mandatory both to restore aquifer geotechnical investigation will optimize drilling progress
permeability and to remove as much of the drilling mud and sample quality while minimizing sample disturbance.
as possible in order to minimize potential impact of the To effectively apply this technology, a number of factors
drilling fluid additives on the groundwater chemistry. A must be considered and practiced. Know the purpose of
chemical analysis of drilling muds and additives should be the drilling or sampling program, the geology of the area,
performed (and obtained from the supplier). All organic and the drilling equipment and its capability. Become
polymer muds should be avoided. Products identified asfamiliar with drilling fluid additives and the effects of
“beneficial bentonites” contain organic additives which each on drilling operations. Keep field operations as
enhance viscosity and should not be used for this pur-simple as possible to effectively complete the job; a well
pose. Standard bentonite, which is commonly used fordesigned portable mud pit, Marsh funnel, and mud bal-
monitoring well drilling, also contains minor amounts of ance are satisfactory for most situations. Maintaining a
additives and perhaps should be avoided. Pure bentonitdow mud density minimizes viscosity, reduces pressure
muds are available and are marketed specifically forwithin the borehole annulus caused by the circulating
monitoring well construction. Although pure bentonite fluid, and minimizes the filter cake thickness. Start the
has apparent chemical advantages, it will not mix and mud pump slowly to avoid excessive pump pressures due
hydrate as quickly and easily as standard or beneficiatedo the gel (thixotropic) strength of the mud. Operate
bentonites. pump pressures as low as possible to minimize surge
pressures. Raise and lower the drill string slowly to mini-
d. Effect on strength testing Samples for strength mize hydrostatic pressure changes. Drill formations no
testing should be carefully inspected for drilling mud faster than solids are removed from the drill bit. Antici-
infiltration, especially into open fractures and bedding pate problems before they develop; take precautions to
planes. Either bentonite or polymer mud could tend to reduce the effects of the potential problems.
alter the apparent shear strength along these discontinuies.
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Table 4-1

Properties of Drilling Mud (after N.L. Baroid / N.L.

Industries, Inc.)

Property Influences Desirable Limit Control
Density Drilling rate Less than about Dilute with water or remove solids to decrease
(Weight) Hole stability 1,080 kg/m® Add barium to increase
(9.0 Ib/gal)
(mud balance)
Viscosity Cuttings transport 34-40 sec/dm?® Add water, phosphates, or lignites to thin
Cuttings settlement (32-38 sec/qt) Add bentonite or polymers to thicken
Circulation pressures (Marsh funnel and
measuring cup)
Filtration Wall cake thickness Very thin (less than Control density and viscosity of mud

Sand content

pH
(Acidity or
alkalinity)

Calcium
content®
(Hard water)

Mud density

Abrasion to equipment

Drilling rate

Mud properties
Filtration control
Hole stability

Corrosion of equipment

Mud properties
Filtration control

0.2cm {1/16in.})

Less than 2 percent
by volume

8510 9.5
(Neutral is 7.0)

Less than 100 parts
per million (ppm)
calcium

Polymers

Add water to lower viscosity
Good mud pit design

Use desander

Increase with sodium carbonate
Decrease with sodium bicarbonate

Pretreat mixing water with sodium bicarbonate

! For other salts, dilute salt content with fresh water or use organic polymers in the drilling fluid.
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Figure 4-1. Photograph of a Marsh funnel and a one quart (0.95 dm ® measuring cup for
determining the viscosity of drilling mud

millime
100

Figure 4-2. Mud balance for determining the density of drilling mud
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STEEP SIDED
HOPPER

APPROX IMATELY 60"

HOSE

FROM PUMP\

[ 1l ]

\\ —jQNNN\\%?
\—TG MUD PIT

Figure 4-3. Schematic of a steep sided hopper mud mixer

Figure 4-4. Photograph of a jet mud mixer
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-+— PORTABLE SLUSH PIT

REMOVABLE BAFFLES
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TO PUMP SUCTION

Figure 4-5. Sketch of a portable mud pit

Figure 4-6. Photograph of a portable mud pit
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Figure 4-7. Photograph of a small desanding cone
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Chapter 5 (1) Open samplers The sampling tubes for open
Equipment for Undisturbed Soil samplers may be either thick-walled or thin-walled. How-

ever, thick-walled tubes generally exceed the area ratio of
10 to 20 percent which is specified in paragrapha2-3
Therefore, the quality of undisturbed samples which are
obtained with the thick-walled sampling tubes is suspect.
5-1. Sampler Types Hence, only thin-walled samplers are discussed in this
section.

A variety of samplers are available for obtaining undis-

turbed soil samples. Basically all are variations of the The thin-walled open sampler consists of some type of
push-type thin-walled tube samplers or rotary core barrelseamless steel tube which is affixed to a sampler head
samplers. Push-type tube samplers may be used to obtaigssembly with screws as suggested by ASTM D 1587-83
samples of soft-to-medium clays and fine sands. These(ASTM 1993). The sampler head assembly is equipped
samplers should not be driven by hammering to obtainith vents which permit the escape of air or drilling fluid
undisturbed samples. A rotary core-barrel type samplerfrom the tube as the sampler is advanced. The vents
should be used to obtain undisturbed samples of soils to0should be equipped with a ball check valve to prevent
hard to permit smooth penetration of the push-type sam-entrance of drilling fluid during withdrawal and to create
pling tube or soils which contain gravel that may damage a partial vacuum above the sample which aids in sample
the tube as well as disturb the soil sample. Proceduresrecovery_ Sampler heads for 7.5- or 12.5-cm- (3- or
for undisturbed soil sampling in boreholes are discussed5_in__) diam tubes are available. The sampler head
in Chapter 6. assembly for the 7.5-cm-(3-in.-) diam tubes can also be

modified to fit the 12.5-cm- (5-in.-) diam tubes by use of
a. Push-tube samplers Push-tube samplers are an adapter ring.

merely pushed into the undisturbed soil in one continuous,
uniform motion without rotation. These samplers may be The sampling tubes may be cold-drawn seamless or
used for obtaining undisturbed samples of most soilswelded and drawn over a mandrel steel tubing. The tubes
which are not too hard to penetrate or contain gravels.may be of variable length but are commonly furnished in
When a properly beveled cutting edge on the sampling0.91-m (36-in.) lengths. The tubes are normally 7.5- or
tube is used, the soil which is displaced by the sampling12.5-cm OD and are sharpened on one end. Because the
tube is compacted or compressed into the surroundingquality of the sample depends partially on the wall thick-
soils. ness of the tube, the tube with the thinnest wall possible
will generally provide better samples. Typically, the wall
Push-tube samplers can be subdivided into two broadthickness should be 14 gauge (0.211 cm or 0.083 in.) for
groups: open samplers and piston samplers. Open samthe 7.5-cm-diam tubes and 11 gauge (0.305 cm or
plers consist of an open tube which is attached to a0.120 in.) for the 12.5-cm-diam tubes. To minimize the
vented sampler head. The open tube admits soil as soopotential for damage of the thin-walled tubes by buckling
as the tube is pushed into the soil. The sampler head mayr by blunting or tearing of the cutting edge and distur-
be equipped with a ball check valve which holds a partial bance to the sample, the sample tube is pushed into the
vacuum above the sample that aids in sample recoveryundisturbed soil in one continuous, uniform motion with-
and prevents the entrance of drilling fluid during sample out rotation.
withdrawal.  Piston samplers have a movable piston
located within the sampler tube. The piston keeps drilling One end of the tube should be beveled or tapered to form
fluid and soil cuttings out of the sampling tube as the a sharpened cutting surface (paragraph 2-3). The taper
sampler is lowered into the borehole. It also helps to angle on the outside surface should be about 10 to 15 deg.
retain the sample in the sampling tube by holding a partial The ID of the cutting edge should be equal to or slightly
vacuum above the sample that aids in sample recovery. less than the ID of the tube. This inside clearance, i.e.,
inside clearance ratio, is necessary to minimize the drag
As compared to piston samplers, open samplers are chea@f the soil sample on the inside of the tube and still retain
rugged, and simple to operate. The principal disadvan-the sample in the tube. Cohesive soils and slightly expan-
tages include the potential for obtaining nonrepresentativesive soils require larger inside clearance ratios, while soils
or disturbed samples due to improper cleaning of thewith little or no cohesion require little or no inside clear-
borehole or collapse of the sides of the borehole and lossance ratios.  Typically, sampling tubes with inside
of the sample during recovery.

Sampling in Borings
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clearance ratios, or swage, of 0 to 1.5 percent of the tubehead, although it remains fixed relative to the ground
ID are commonly used. (See paragraph 2-4.) surface. The sample is obtained, and the piston is again
clamped relative to the sampler head prior to extracting
Thin-walled open samplers can be used to obtain sampleshe sample and sampling tube from the borehole.
of medium soft to medium stiff cohesive soils. Materials
which cannot be sampled with this device include soils The retractable-piston sampler uses the piston to prevent
which are hard, cemented, or too gravelly for sampler unwanted debris from entering the sample tube while
penetration, or soils which are so soft or wet that the lowering the sampler to the desired depth. Prior to the
sample compresses or will not stay in the tube. However,sampling operation, the piston is retracted to the top of
open tube samplers are not recommended for obtaininghe tube. However, this operation may cause soil to flow
undisturbed samples from boreholes. The quality of theupward into the tube. Consequently, the retractable piston
sample may be suspect because of the inherent design cfampler is not recommended for undisturbed sampling
the sampler. During sampling operations, the pressureoperations and is not discussed herein.
above the sample may increase because of drilling fluid in
the barrel of the sampler or overdriving of the sampler. (a) Free- or semifixed-piston samplers Free- or
During withdrawal, vibrations of the sampler and/or the semifixed-piston samplers have overcome many of the
vacuum created under the sample may result in loss of theshortcomings of open samplers while remaining easy to
sample. Figure 5-1 is a schematic drawing of an openuse. The piston is locked at the bottom of the sampler
sampler. A diagram of sampling operations using the barrel as the sampler is lowered into the borehole. At the
open tube sampler is presented in Figure 5-2. desired sampling depth, the piston is unlocked by rotating
the drill rods. During the push, the piston rests on the
(2) Piston samplers Pistons were incorporated into sample entering the tube. Before the sampling tube is
the design of samplers to prevent soil from entering the withdrawn, the piston rod is locked to prevent downward
sampling tube before the sampling depth is attained and tanovement which aids in sample recovery. Free-piston
reduce sample loss during withdrawal of the sampling samplers may be used in stiff clays or partially saturated
tube and sample. The vacuum which is formed by thesilts and clays.
movement of the piston away from the end of the sam-
pling tube during sampling operations tends to increase (b) Fixed-piston samplers There are two basic
the length of the sample recovered. The advantages ofypes of fixed-piston samplers: the mechanically activated
piston samplers include: debris is prevented from enter-types, which include the Hvorslev and Butters samplers,
ing the sampling tube prior to sampling; excess soil is and the hydraulically activated types, such as the
prevented from entering the sampling tube during sam-Osterberg and modified Osterberg samplers. The basic
pling; and sample recovery is increased. Hvorslev (1949)principle of operation of fixed-piston samplers is the same
stated that the piston sampler “has more advantages ands for thin-walled push-tube samplers, i.e., to force a
comes closer to fulfilling the requirements for an all- thin-walled cylindrical tube into undisturbed soil in one
purpose sampler than any other type.” The principal continuous push without rotation. The piston is locked in
disadvantages of the piston samplers are increased coma fixed position before, during, and after the sampler
plexity and cost. advance. As the sampler is lowered into the borehole, the
piston is fixed relative to the cutting edge of the sampler
Three general types of piston samplers include free- orto prevent foreign particles from entering the sample tube.
semifixed-piston samplers, fixed-piston samplers, andPrior to sampling, the piston is fixed relative to the sam-
retractable-piston samplers. A brief synopsis of each typeple to be obtained. During the actual push, the piston
of piston sampler follows. moves with respect to the sampler and helps to pull the
sample into the tube and to retain it following the drive.
Free- or semifixed-piston samplers have an internal pistonDuring withdrawal, the piston is again fixed relative to the
which may be clamped during withdrawal of the sampling sampler to aid in sample retention.
tube. During the actual sampling operations, the piston is
free to move with respect to the ground level and sampleThe principal use of fixed-piston samplers is for taking
tube. undisturbed samples of very soft to stiff clays, silts, and
sands both above and below the water table (Goode,
To obtain a sample with a fixed-piston sampler, the sam-1950). Fixed-piston samplers are particularly adapted to
pling apparatus is lowered to the desired level of sampling cohesionless sands and soft, wet soils that can-
sampling. The piston is then freed from the sampler not be sampled using the thin-walled open-tube sampler.
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These samplers are designed for use in holes stabilizedounting of rotations is required for proper operation and
with drilling mud or water because the soil which is being locking and releasing of the piston. As a general rule, the
sampled is generally below the water table. Sample tubegarts of the piston locking and releasing mechanism
with little or no inside clearance ratio, or swage, are should be screwed together but not tightened excessively.
generally used with fixed-piston samplers. As is the caseA gap of 10 to 15 mm (3/8 to 1/2 in.) at the “Coupling
with all thin-walled push-tube samplers, the fixed-piston with Nut Section” (Figure 5-4) is tightened to set the split
sampler will not successfully sample soils which contain cone clamp. Before the device is lowered into the bore-
gravel, cemented soil, or soils that are too hard to hole, the sampler should be assembled and checked for
penetrate. proper adjustment and ease of rotation of the locking
mechanisms and operation of the device.
() Mechanically activated fixed-piston samplers
(b) Butters fixed-piston sampler The Butters sam-

(@ Hvorslev fixed-piston sampler The Hvorslev  pler is a simplified version of the Hvorslev sampler which
fixed-piston sampler is a mechanically activated samplercontains fewer parts and screw connections. The Butters
which uses the drill rig hydraulic drive mechanism to sampler has all right-hand threads and a simplified piston
advance the sample tube. The sampler head is designetbd locking and unlocking mechanism. These features
for 7.5-cm- (3-in.-) diam tubes but can be easily con- make the sampler much easier to operate. As with the
verted to use 12.5-cm- (5-in.-) diam tubes with an adapterHvorslev sampler, the Butters sampler is designed for
ring and an enlarged piston assembly. Figure 5-3 is a7.5-cm- (3-in.-) diam push tubes. However, with an
photograph of the Hvorslev fixed-piston sampler. Figure adapter ring and an enlarged piston assembly, the sampler
5-4 is a cross-sectional view of the sampler. is easily converted for use with 12.5-cm- (5-in.-) diam

tubes. Figure 5-6 shows a cross-sectional view of the
The operation of the Hvorslev sampler is shown on Fig- Butters sampler.
ure 5-5. First, the sampler is assembled with the piston
locked flush with the bottom of the sampling tube. The To operate, the sampler is assembled with the piston
sampler is then attached to the drill rods and piston rodlocked flush with the bottom of the sampling tube. The
extensions and lowered to the bottom of a cleaned boressampler is then attached to the drill rods and the piston
hole. When the sampler contacts the bottom of the hole,rod extensions and lowered to the bottom of a cleaned
the drill rods are clamped to the hydraulic drive mechan- borehole. When the sampler contacts the bottom of the
ism of the anchored drill rig. The piston rods are rotated borehole, the piston rod extensions are clamped to the
clockwise to unlock the piston. The piston rods are thenanchored drill rig. After the piston rod extensions have
secured to the drill rig mast or a suitable frame indepen-been clamped, a clockwise rotation of the piston rods
dent of the drill rig for sampling operations. To sample, unlocks the piston. The piston rod is then secured to the
the sampler is advanced into the undisturbed soil in thedrill rig mast or some other suitable frame which is inde-
same manner as described for the thin-walled push-tubgpendent of the drill rig. After the sampler has been
sampler. At the end of the push, the piston rods areadvanced into the soil using procedures which are similar
rotated counterclockwise to lock the piston on the samplerto those used for the thin-walled push-tube sampler, the
head. Further rotation in a counterclockwise direction piston rods are then disconnected from the sampler by
causes the piston rods to be disconnected from the samturning in a counterclockwise direction until the piston
pler. As a result, the piston rods can be removed beforerods are free. The piston rods are removed before the
the sampler is withdrawn. During withdrawal, the piston sampler is withdrawn. During withdrawal, the piston is
remains locked at the top of its stroke by a split cone held stationary at the top of its stroke by a tension spring
clamp. Extreme care must be exercised during removaland lock washers. Extreme care must be exercised during
of the sampler from the drill hole to avoid jarring or removal of the sampler from the drill hole to avoid jarring
losing the sample. or losing the sample.

The Hvorslev fixed-piston sampler contains many parts The basic rules for operation of the Butters sampler are
and several screw connections. Before attempting to usesimilar to those or the Hvorslev sampler. Because the
the apparatus, the operator should thoroughly understand@utters sampler contains several parts which require care-
the mechanics, adjustments, and operation of the samplerful assembly for locking and releasing the piston, the
Precision parts, such as the piston locking and releasingnechanics of the sampler should be understood thor-
mechanism and the split cone clamp and spring, are easilyoughly by the operator before attempting to sample, as the
damaged by misuse or incorrect assembly. Accurateprecision parts can be easily damaged by misuse or
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incorrect assembly. In general, the parts of the piston rodrotation and locking of the sample tube is accomplished
locking and releasing mechanism should be screwedby a friction clutch mechanism which allows the inner
together snugly, but not tightened excessively. It is alsosampler head to grasp the inner pressure cylinder when
good practice to assemble the sampler and to check itdhe drill rods are rotated at the ground surface. As the
operation before it is lowered into the borehole. sampler is removed from the borehole, extreme care
should be taken to avoid jarring or losing the sample.
(i) Hydraulically activated fixed-piston samplers
Although the Osterberg sampler is relatively simple to
(@ Osterberg fixed-piston sampler The Osterberg operate, the mechanics of the sampler must be thoroughly
sampler is a hydraulically activated fixed-piston sampler. understood by the operator before attempting to operate
The design and operation of the hydraulically activated the sampler. The sampler contains several moving parts
Osterberg sampler is significantly different from the and O-ring seals which require careful assembly and must
design and operation of the mechanically activated be kept clean and lubricated for proper operation. As a
Hvorslev and Butters samplers. Its operation is muchgeneral rule, the threaded components should be screwed
faster and simpler than the Hvorslev and Butters samplerdogether snugly, but not tightened excessively. The fixed
because piston rod extensions are not required. Thereforgpiston should be securely pinned to the hollow piston rod.
the Osterberg sampler is much easier to assemble, operatdhe inner sampler head should be checked to make sure it
disassemble, and use. However, there are several disadlides freely on the hollow piston rod. The use of drilling
vantages which include the lack of control for rate of or mud to advance the sampler is not recommended because
limit of advancement of the sampler as well as a vacuumsand particles suspended in the mud act as an abrasive
breaker was not provided for separating the piston fromwhich may damage the O-ring seals. Therefore, a supply
the tube containing the soil sample. Figure 5-7 is a of clear water is desirable for advancing the sampler as
photograph of the Osterberg sampler. Figure 5-8 illus-well as for rinsing and flushing the sampler after each
trates the operation of the sampler. sampling drive although this may not always be practical
in the field environment.
The Osterberg sampler is commercially available for use
with sampling tubes of nominal diameters of 7.5 and (b) Modified Osterberg fixed-piston sampler The
12.5cm (3 and 5 in.). However, this sampler requires modified Osterberg sampler uses the same basic design
specially designed thin-walled sampling tubes. Conven-and principles of operation as the conventional Osterberg
tional thin-walled sampling tubes used for the thin-walled sampler. However, there are several major changes and
open-drive sampler and the Hvorslev and Butters fixed- improvements to the modified Osterberg sampler as com-
piston samplers will not adapt to the Osterberg sampler. pared to the conventional Osterberg sampler. The thin-
walled sampling tube was replaced with a thick-walled
The Osterberg sampler is assembled with the piston flushsteel tubing which was machined to accept a commer-
with the bottom of the sampling tube and attached to thecially available aluminum inner liner. The thick-walled
main head of the sampler. The sampler is attached to thesteel tubing is equipped with a case hardened, replaceable
drill string and lowered to the bottom of a cleaned bore- drive shoe. Consequently, the modified sampler is con-
hole. The drill rods are secured to the anchored drill rig, siderably more rigid and better suited for use in soils
and drilling fluid, under pressure, is pumped through the containing fine gravels. The design of the modified sam-
rods to advance the sampling tube into the undisturbedpler also eliminates the problems associated with remov-
soil. As fluid pressure is applied to the inner sampler ing the sampling tube from the inner sampler head caused
head, the sampling tube is forced out of the pressureby the vacuum developed during the sampling operation.
cylinder. When the inner sampler head has reached itsThe thick-walled steel tubing has a vent hole to break the
full stroke (and the sampling tube has penetrated its full vacuum seal and to allow easy removal of the inner liner.
depth into the soil), the pressure is relieved through aThe undisturbed sample can be removed from the sampler
bypass port in the lower end of the hollow piston rod. An by simply removing the drive shoe and pulling the liner
air bubble or return of drilling fluid can be observed at out of the sampler. The sampler can be reloaded by
the top of the column of drilling mud which indicates that sliding a new liner into the steel tubing, attaching the
the sampler has been fully advanced. After the drive, thedrive shoe, and pushing the steel tubing into the pressure
sampler should be rotated clockwise to shear the sampleylinder. Although the modified Osterberg sampler is not
at the bottom of the sampling tube and to lock the sam-commercially available, it can be manufactured in 7.5-
pling tube in position for withdrawal from the hole. The and 12.5-cm- (3- and 5-in.-) diam sizes.
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(c) Foil and stockinette samplersModified versions  in the sampler head to surround the outside of the sample.

of the fixed-piston sampler include the Swedish foil sam- As the stocking was unrolled, it was coated with a
pler and the Delft stockinette sampler. The principle of vulcanizing fluid which was stored in a chamber between
operation of these samplers is similar to the fixed-pistonthe stocking tube and the outer barrel of the sampler.
sampler. As the sampler is pushed, the piston retractsNhen the coated stocking contacted the bentonite-water
from the sampler head, and a sliding liner which is slurry inside the sampler, the vulcanizing fluid solidified.
attached to the piston is unrolled from its magazine As a result, the stockinette became a watertight container
located within the sampler head. Both types of samplerswhich prevented lateral strain of the soil sample.
are pushed into the soil without a borehole.

Unfortunately, the bentonite-water slurry in the annulus
The Swedish foil sampler was developed to obtain long, between the soil sample and sampler sometimes exceeded
continuous undisturbed samples in soft cohesive soilsthe in situ stresses, especially in soft soils. As a result,
(Kjellman, Kallstenius, and Wager 1950). To reduce the the soil sample and surrounding formation were disturbed.
friction between the soil sample and the sampler barrel,Consequently, the Delft continuous soil sampler was
the sample is progressively encased in thin axial strips ofredesigned. The current version can be used to obtain a
foil as the sampler is advanced. Two diameters of foil 66-mm- (2.6-in.-) diam sample. The sampler uses a
samplers are available. The 6.8-cm- (2.7-in.-) diam sam-stocking-lined plastic liner tube which supports the soil
pler contains 16 rolls of thin, cold-rolled, mild steel foil in sample during the sampling operations and doubles as the
the sampler head. Each roll of foil is approximately sample storage tube. A schematic of the Delft 66-mm-
12.5 mm (0.5 in.) wide. The foil is available in thick- (2.6-in.-) diam continuous soil sampler is presented in
nesses ranging from 0.05 to 0.12 mm (0.002 to 0.005 in.).Figure 5-10. The Delft continuous soil sampler is
The 6.8-cm- (2.7-in.-) diam sampler can store 30 m advanced in 3.3-ft (1-m) increments by a cone penetrome-
(100 ft) of foil, while the 4.0-cm- (1.6-in.-) diam sampler ter test (CPT) rig. The maximum length of the sample is
can store 12 m (40 ft) of foil. A schematic of the 19 m (62 ft).
Swedish foil sampler is presented in Figure 5-9.

The foil and stockinette samplers were designed to obtain
The Swedish foil sampler consists of a cutter head whichsamples with an increased length to diameter ratio which
is machined to form a sharp edge. The cutter head isare sometimes required to gain a more comprehensive
attached to the lower end of the sample barrel. The uppemnderstanding of a complex soil mass, such as a varved
end of the cutter head is double-walled and contains aclay, or to obtain samples of soft clay or peat. Although
magazine for the rolls of foil. The foil strips pass through the soil friction inside the sampler is virtually nonexistent,
small horizontal slots located immediately above the cut-the frictional forces between the foils or stockinette and
ter edge and are attached to a loose-fitting piston. Duringthe inside walls of the sampler and between the soil and
sampling operations, the piston is held stationary at theoutside walls of the sampler can become so great as to
ground surface to ensure that the foil strips are pulledprohibit pushing the sampler. Lubricants have been used
from the magazine at the same rate as the sampler pendsetween the liners and sampler for cohesive soils, but
trates the soil. should not be used for cohesionless soils as they may

penetrate the sample and prohibit its use. Friction
The foil strips which slide against the inside of the sam- between the soil and the outside of the sampler has been
pler barrel form an almost continuous liner which mini- reduced by the use of a rotary outer core barrel which has
mizes the friction between the sampler wall and soil cutter teeth and the capability of circulating a drilling
sample. As with the conventional push-tube type sam-fluid. The principal disadvantages of the foil and stocki-
plers, the full advance of the sampler should be made innette samplers include larger operating expenses and the
one fast, smooth, continuous push. However, the effectsincreased potential for sample disturbance due to the
of the rate of penetration and/or interruptions in pushing larger area ratio of the cutting shoe.
are less important. Therefore, additional 2.5 m (8.2 ft)
long sections of the sample barrel may be added to extend b. Core barrel samplets Double- and triple-tube
the length of the sampler. core barrel samplers consist of a sampler head assembly,

inner and outer tubes, and a bottom assembly. The triple-
The original Delft continuous soil sampler was used to tube core barrels are merely double-tube samplers which
obtain a sample 30 mm (1.2 in.) in diameter. As the have been modified to accept sample liners. The princi-
sampler was pushed into the ground, a nylon stocking-ple of operation of the core barrel samplers consists of
type reinforced plastic skin was unrolled from a magazine rotating a cutting bit by a torque which is applied at the
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ground surface by the drill rig and transmitted downward groundwater table, very soft and plastic cohesive soils, or
through the drill rods to the cutting bit. As the cutting severely fissured or fractured materials.
edge is advanced, a sampling tube is pushed over the
sample. The sampler head assembly has a ball-bearing- (1) Denison sampler The Denison sampler is a
supported cap and stem which allows the inner tube todouble-tube (triple-tube if a liner is used) core-barrel type
remain relatively stationary as the outer barrel is rotated.sampler designed for sampling coarse sands, gravel and
Drilling fluid is passed downhole through the drill rods gravelly soils, and clays and silts that are too hard to
and between the inner and outer barrels before beingsample with thin-walled push-tube samplers. The sampler
discharged under the bit. consists of an outer barrel with cutting teeth, an inner
barrel with a smooth cutting shoe, and a liner to receive
There are three basic types of core barrel soil samplersthe sample and to facilitate sample handling. The inner
Denison, Pitcher, and hollow-stem auger samplers. Thebarrel may be equipped with a spring core catcher, if
Denison and Pitcher samplers are similar in design andnecessary. Denison samplers are available in 10.0- and
operation. These samplers require the use of drilling fluid 15.0-cm- (4- and 6-in.-) nominal diameter core sizes. The
to remove the cuttings from the face of the bit. The length of the cores are 0.6 m (2 ft). A photograph of a
hollow-stem auger sampler which is discussed in para-Denison double-tube core barrel sampler is presented in
graph 5-t(1) does not require drilling fluid; therefore, is Figure 5-11. A schematic diagram of the sampler is
well suited for sampling soils that are adversely affected shown in Figure 5-12.
by drilling fluids. Sample liners for handling and ship-
ping the soil cores can be used with the Denison andThe Denison sampler is advanced in the borehole using
hollow-stem auger samplers. drilling rod and drilling fluid. The outer barrel head
contains an upper and lower bearing which allows the
Core barrel samplers may have a larger area ratio anduter barrel to be turned by the drilling rod while the
inside clearance ratio than is generally accepted for pushinner barrel remains stationary. Carbide insert cutting
tube samplers. Double- and triple-tube core barrel sam-teeth are attached to the bottom of the outer barrel. Four
plers are available in standard sizes ranging from 7.0-cm1.25-cm- (1/2-in.-) diam fluid passages are used for circu-
(2-3/4-in.) ID by 9.8-cm (3-7/8-in.) OD to 15.2-cm (6-in.) lation of drilling fluid from the drill rods into the annulus
ID by 19.7-cm (7-3/4-in.) OD. The larger area ratios may between the inner and outer barrels to the cutting teeth.
be considered advantageous as the stresses at the cutti@ur 1.25-cm- (1/2-in.-) diam holes are also provided in
head are decreased during the drilling operations. How-the outer barrel head to vent the inner barrel and to stabi-
ever, the larger inside clearance ratio due to a corelize the hydrostatic pressure within the sampler.
catcher may not adequately support the sample. The
sample may also be damaged by vibrations of the cuttingThe Denison sampler may be fitted with inner barrel
bit during the drilling operations. Another disadvantage is shoes of various lengths. This shoe arrangement effec-
that water sensitive formations may be continuously in tively permits the inner barrel to be extended beyond the
contact with the drilling fluid. cutting bit, especially for coring and sampling easily
eroded material. The inner barrel may be extended as
Core barrel samplers may be used for sampling a broadnuch as 15.0 cm (6 in.) past the cutting bit, although an
range of soils. These samplers can be used for obtainingxtension no greater than 7.5 cm (3 in.) is recommended.
reasonably undisturbed samples of stiff cohesive soils.Unfortunately, the principal disadvantage of this type of
Firm or dense samples of uncemented or lightly cementedsampler is that the protrusion of the inner tube must be
silty or sandy soils can often be obtained if sampling and selected and/or adjusted in advance of the sampling opera-
handling of the samples are done carefully. However,tions for the anticipated stiffness of the soil to be sam-
when it is unknown whether the deposit is dense or loose,pled. This disadvantage led to the development of core
other samplers, such as fixed-piston samplers, should béarrel samplers with the spring-mounted inner barrel.
tried as the core barrel samplers tend to densify loose
soils during the sampling operations. Core barrel sam-A light gauge metal liner which can be used as a sam-
plers may also be used in fairly firm to hard or brittle pling tube to preserve the soil sample for shipment can be
soils, partially cemented soils, and soft rock which require fitted into the inner barrel of the Dennison sampler. The
a cutting action rather than simply a push-type liner is typically made of 28-gauge (0.38-mm) sheet
penetration. In general, core barrel samplers, such as thenetal. The length of the liner should be 60 cm (24 in.);
Denison and Pitcher samplers, are not suitable for sam+his length will permit a 50-cm-(20-in.-) long sample to
pling loose cohesionless sands and silts below thebe obtained. A core catcher may or may not be used for
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undisturbed sampling operations. However, if a core (3) WES modified Denison sampleA special sam-
catcher must be used to retain the soil in the sampler, itpler was developed by the U.S. Army Engineer Water-
should be noted on the boring logs. ways Experiment Station (WES) to obtain samples of hard
or gravelly soils and rock. The sampler incorporates
(2) Pitcher sampler The Pitcher sampler is a double- principles used in the Denison core barrel sampler; hence,
tube core barrel sampler which is a variation of the it is called the modified Denison sampler. The sampler
Denison sampler. The inner barrel which is affixed to a was designed to obtain an undisturbed sample in a
spring-loaded inner sampler head extends or retracts rela127-mm- (5.01-in.-) ID by 133-mm- (5.25-in.-) OD steel
tive to the cutting bit on the outer barrel with changes in tube that could later be cut in sections for testing without
soil stiffness. The telescoping action of the sampling tuberemoval of the soil from the tube. The sampler consists
eliminates the need for various lengths of inner barrel of a standard DCDMA 100-mm (4-in.) by 140-mm
shoes. The nominal core sizes which can be obtained5.5-in.) core barrel head adapted to a 150-mm- (6-in.-)
with standard Pitcher samplers are 75-, 100-, and 150-mmOD outer barrel and a standard 125-mm (5-in.) by
(3-, 4-, and 6-in.) diameter with lengths of 0.9 or 1.5 m (3 11-gauge (3-mm) sample tube. Two outer barrel cutting
or 5 ft). Figure 5-13 is a photograph of a Pitcher double- shoe arrangements permit the inner barrel cutting edge to
tube core barrel sampler. A schematic drawing of the lead or to follow the outer barrel cutting shoe. An inner
operation of the Pitcher sampler is presented in barrel adapter is provided with spacers to vary the relative
Figure 5-14. positions of the two barrels. Core barrels with internal or
bottom discharge bhits set with tungsten carbide teeth are
The Pitcher sampler contains a high-tension spring whichsatisfactory for drilling and sampling most stiff to hard
is located between the inner and outer barrels above thesoils. The cutting teeth are set at 20 to 30 deg with
inner head. The spring-loaded inner barrel assemblyrespect to the radius to cause a slicing action which tends
automatically adjusts the relative position of the cutting to force the cuttings and drilling fluid away from the core.
edge of the sampling tube to suit the formation being The bottom assembly can be fitted with an inner tube
sampled. For example, in softer formations, the springextension and cutting shoe. Bottom assemblies are also
extends so that the inner barrel shoe protrudes into theavailable which permit the use of basket-type or split-ring
soil below the outer barrel bit and prevents damage to thecore lifters to prevent the loss of the core during the
sample by the drilling fluid and drilling action. For stiffer extraction process. A third cutting shoe arrangement
soils, the sampling tube is pushed back into the outerallows the use of a diamond bit and a split-ring core
barrel by the stiff soil. In extremely firm soils, the spring lifter. The nominal core size is 125 mm (5 in.) in diame-
compresses until the cutting edge of the inner barrel shoeer by 0.76 m (2.5 ft) in length.
is flush with the crest of the cutting teeth of the outer
barrel bit. Although it has been observed in practice that c. Other samplers A number of other samplers
alternating soil and rock layers sometimes damage thesuitable for obtaining undisturbed samples are available
rather light sampling tube, the Pitcher sampler is recom-from commercial sources. Generally, each sampler was
mended for sampling varved soils, formations where thedesigned to be used in specific types of soils or to satisfy
stratigraphy is such that there are alternating hard and sofspecific conditions. However, most of these samplers are
layers, or soils of variable hardness. variations of either the thin-walled piston-type samplers or
the core barrel samplers.
A sliding valve arrangement between the outer barrel head
and inner barrel head directs drilling fluid through the (1) Hollow-stem auger sampler The continuous
sampler. After the sampler has been lowered into thehollow-stem auger sampling system consists of a rotating
borehole but before it has been seated on the soil, debriwuter hollow-stem auger barrel which is equipped with
can be flushed from the sample tube by drilling fluid cutting bits at its bottom and a nonrotating inner barrel
which is passed down the drill rods through the inner (sampler) fitted with a cutting shoe. The principle of
barrel. Once the inner tube is seated, the barrel telescopesperation is similar to the rotary core barrel sampler. The
inward and the drilling fluid is diverted to the annulus stationary inner barrel slides over the sample in advance
between the inner and the outer barrels. This arrangemenbf the rotating outer bit which enlarges the hole above the
facilitates the washing of material from the inside of the sample. The cuttings are lifted from the hole by the
sampler before sampling and circulation of drilling fluid auger flights on the outer barrel. A schematic drawing of
to remove cuttings during sampling.
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the hollow stem auger with a thin-walled sampling tube is The center bit is a left-handed auger which forces the
presented in Figure 5-15. parent material down and to the outside of the main auger

barrel, thereby allowing the main auger barrel to carry the
The hollow-stem auger barrel acts as a casing in the boreeuttings to the surface. The center bit can be replaced
hole. It is defined by pitch, flight, outside diameter, and with the inner barrel assembly at any time or depth to
inside diameter. Augers range in diameters from 57 mmpermit samples to be taken.
(2-1/4 in)) to 210 mm (8-1/4 in.), or larger. A table of
common diameters of flight augers is presented asThe principal advantages of the continuous hollow-stem
Table 5-1. The hollow-stem auger barrel is advanced byauger sampling system include advancing the borehole in
downward pressure to clean the hole and rotation to bringdry materials without drilling fluid or in unstable mater-
the cuttings to the surface. Excessive downfeed pressurdéals without casing. Whenever augering operations are
may cause the auger to corkscrew into the ground. As aconducted below the water table, hydrostatic pressures
result, the auger could bind in the hole. Additional sec- should be maintained at all times inside the hollow stem
tions of auger can be added as the borehole is advanced. to prevent heaving and piping at the bottom of the bore-

hole. If the center plug is used, O-rings should be used to
The cutting bits on the hollow-stem auger barrel are keep water out of the auger stem.
equipped with 4 to 12 cutting teeth which are fitted with
replaceable carbide inserts. The ID of the cutting bits An alternative method of sampling with a hollow-stem
allows clearance for passage of the inner barrel. Duringauger consists of advancing the borehole by augering with
sampling operations, the inner barrel is pinned to anda center drag bit attached to the bottom of the auger. At
advanced with the hollow-stem auger. The inner barrelthe desired sampling depth, the center bit is removed, and
may be positioned in front of or kept even with the auger a suitable sampling apparatus is lowered through the
cutting bits with an adjustment rod. Minimal disturbance auger to obtain a sample. For this particular application,
to the sample is caused when the inner barrel is advancedhe hollow-stem auger is used as a casing. Figure 5-16 is
in front of the cutting teeth by approximately 75 mm a photograph of a hollow-stem auger with a center drag
(3 in.). When the inner barrel is advanced in front of the bit. An isometric drawing of the hollow-stem auger with
cutting teeth by less than 75 mm (3 in.), disturbance maythe center drag bit which can be used with soil sampling
occur because of the ripping action of the auger cuttingdevices is presented in Figure 5-17.
teeth.

(2) Sand samplers Obtaining undisturbed samples

The inner barrel assembly contains a sampler head an®f sand has been rather difficult and elusive. In general,
liner. The inner barrel assembly can be fitted with one the in situ stresses are relieved by sampling operations
1.5-m (5-ft) liner section or two 0.76-m (2-1/2-ft) liner and frequently, the sand structure has been disturbed and
sections. The liners can be acrylic or metal. Acrylic sometimes destroyed. Hvorslev (1949) suggested several
tubing is economical and permits visual inspection of the methods including the use of thin-walled fixed-piston
sample. It is reusable but should be checked for crackssamplers in mudded holes, open-drive samplers using
roundness, and wall thickness before reuse. Metal linerscompressed air, in situ freezing, or impregnation.
generally have less wall friction than acrylic liners. USAEWES (1952) and Marcuson and Franklin (1979)

reported that loose samples were densified and dense
The liners are held in the inner barrel assembly by asamples were loosened when the thin-walled fixed-piston

cutting shoe which is threaded onto the inner barrel Sampler was used. Seed et al. (1982) reported that the
assembly. The cutting shoes may be machined with dif-Hvorslev fixed-piston sampler caused density changes,
ferent inside clearance ratios. (See paragrapb 8the ~ While the advanced trimming and block sampling tech-

inside clearance ratio calculation procedure.) The selecNidue caused little change in density, although some dis-
tion of the inside clearance ratio of the cutting shoe will turbance due to stress relief was reported. Singh, Seed,
depend on the soil to be sampled. In general, smallerand Chan (1982) reported a laboratory study which indi-

inside clearance ratios should be used for cohesionlessated that the in situ characteristics, including the applied

soils, whereas larger clearance ratios should be used a8iress conditions, could be maintained in a sandy soil if
the plasticity of the material increases. the material was frozen unidirectionally without imped-

ance of drainage and sampled in a frozen state. Equip-
Continuous sampling is possible as the auger advances thB€nt ?”d procedures for drlllmg and sampling in frozen
borehole. When sampling is not required, a center bit canformations are presented in C_hapter 9; guggestgd equip-
be used to keep soil out of the hollow stem of the auger. ment and procedures for artificial freezing of in situ
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deposits of cohesionless soils are presented in Appenphotograph of 75- and 125-mm- (3- and 5- in.-) diam
dix D. Schneider, Chameau, and Leonards (1989) con-sampling tubes. The smaller diameter tubes are normally
ducted a laboratory investigation of the methods of used for sampling cohesionless materials because the
impregnating cohesionless soils. They reported that thepenetration resistance of the 125-mm (5-in.) tubes in
impregnating material must readily penetrate the soil anddense cohesionless soils generally exceeds the driving
must be easily and effectively removed at a later date.capacity of the drill rig. Furthermore, the sample recov-
Because of these limitations, they also concluded thatery ratio for cohesionless materials is frequently higher
although the impregnation method could be used in thewhen the 75-mm (3-in.) ID tube is used because of arch-
field environment, the methodology was better suited toing of the material in the sample tube. Although larger
the laboratory environment. samples are sometimes required for special testing pro-
grams, 75- and 125-mm- (3- and 5-in.-) diam sampling
Bishop (1948) developed a 63-mm- (2-1/2-in.-) diam thin- tubes should be used to the extent possible to permit
walled open-drive sampler which was specifically standardization of sampling equipment and procedures and
designed for sampling sand. The sampler was equippedo ensure that sample sizes are compatible with laboratory
with vents and a diaphragm check valve. Figure 5-18 is atesting equipment and requirements.
schematic diagram of the Bishop sand sampler. A draw-
ing which illustrates the operation of the Bishop sampler b. Length Sample tubes must be long enough to
is presented in Figure 5-19. The entire sampler wasaccommodate the sampler head and piston of the given
encapsulated in a compressed air bell which was con-sampling apparatus and to obtain a sufficient length of
nected to an air compressor at the ground surface. Tosample. Typically, the length of the sample tube is about
operate, the sampler with compressed air bell was lowered.9 m (3 ft) which is sufficient for obtaining a 0.75-m-
to the bottom of a cleaned borehole. The sampling tube(2.5-ft-) long sample.
was pushed out of the air bell and into the undisturbed
soil. After the drilling rods had been disconnected from c. Area ratia As discussed in paragraph 2-3, the
the sampler and removed from the borehole, compressedample tube wall should be as thin as practical but strong
air was pumped into the bell. When air bubbles beganenough to prevent buckling of the tube during sampling.
rising to the surface through the drilling fluid, all of the Sample tubes of 125-mm (5-in.) ID by 11-gauge (3-mm)
drilling fluid had been forced out of the compressed air wall thickness or 75-mm (3-in.) ID by 16-gauge (1.5-mm)
bell. The sampling tube with the sample was pulled from wall thickness cold-drawn or welded and drawn-over-the-
the in situ formation into the bell, and the entire assembly mandrell seamless steel tubing provide adequate strength
was quickly returned to the ground surface by a cable.and an acceptable area ratio. The area ratio for a 125-mm
Bishop used the principles of arching and capillary (5-in.) ID by 11-gauge (3-mm) sample tube with a
stresses at the air-water interface of the sand to retain thd.0 percent swage is approximately 12 percent. The area
sample in the tube and to reduce sample losses. ratio for a 75-mm (3-in.) ID by 16-gauge (1.6-mm) sam-
ple tube with 0.5 percent swage is approximately
Vibratory samplers have been used to obtain samples ofLO percent.
saturated fine sands and silts. The principle of sampling
by vibratory methods consists of liquefying the material in d. Cutting edge The sample tube for undisturbed
the immediate proximity of the sampling rather than samples should have a smooth, sharp cutting edge free
applying brute force to advance the tube. Because of thefrom dents and nicks. The cutting edge should be formed
liquefaction of the material near the sampling tube, theto cut a sample 0.5 to 1.5 percent smaller than the ID of
sample is severely disturbed. Consequently, the vibratorythe sample tube. As discussed in paragraph 2-3, the
sampling method is not satisfactory for obtaining undis- required clearance ratio, or swage, must be varied for the

turbed samples of sands. character of the soil to be sampled. Sticky, cohesive soils
require the greatest clearance ratio. However, swage

5-2. Sample Tubes should be kept to a minimum to allow 100 percent sample
recovery.

a. Diameter The size of specimen required for the
laboratory testing program shown in Table 2-5 dictates the e. Material
minimum acceptable sample tube diameter. Generally, a
125-mm (5-in.) ID tube should be used for sampling (1) Tubing Sampling tubes should be clean and free
cohesive soils, whereas a 75-mm (3-in.) ID tube should beof all surface irregularities including projecting weld
used for sampling cohesionless soils. Figure 5-20 is aseams. Cold-drawn seamless steel tubing provides the
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most practical and satisfactory material for sample tubes.sample and the tube. Hence, the material to be sampled
Generally, tubing with a welded seam is not satisfactory. may influence the decision regarding the type of coating
However, welded and drawn-over-the-mandrel steel tubingwhich is selected. It is also noteworthy that the protective
is available with dimensions and roundness tolerancescoating helps to form a smoother surface which reduces
satisfactory for sample tubes. Brass or stainless steethe frictional resistance between the tube and the soil
tubing is also satisfactory provided that acceptable toler-during sampling operations.
ances are maintained. However, the extra cost for brass
or stainless steel tubing is justified only for special Coatings may vary from a light coat of oil, lacquer, or
projects. epoxy resin to teflon or plating of the tubes. Alternate
base metals for the tubes should also be considered for
(2) Coating Steel sampling tubes should be cleaned special cases. Mathews (1959) describes the results of
and covered with a protective coating to prevent rust andtests conducted at WES on a variety of sample tube coat-
corrosion which can damage or destroy both the unpro-ings. A photograph of a dipping tank for coating 75- and
tected tube and sample. The severity of the damage is d25-mm- (3- and 5-in.-) diam sampling tubes is illustrated
function of time as well as the interaction between the in Figure 5-21.
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Table 5-1
Auger Sizes (Diameters) (after Acker 1974)

Hole Diameter Auger Flighting Auger Axle Sampling Tools Core Barrels
(OD) (ID)
mm (in.) mm (in.) mm (in.) mm (in.)
159 (6-1/4) 127 (5) 57 (2-1/4) 51 ) AWG
171 (6-3/4) 146 (5-3/4) 70 (2-3/4) 64 (2-1/2) BWG
184 (7-1/4) 159  (6-1/4) 83 (3-1/4) 76 3) NWG
337  (13-1/4) 305 12) 152 (6) Denison 102 by 140
(4 by 5-1/2)
Core Barrel
Sampler
[ ———
SAMPFLER HEAD
s
BALL CHECK VALVE
[
~-——— THIN WALL SAMPLING TUBE

Figure 5-1. Schematic drawing of an open-tube sampler
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Figure 5-4. Cross-sectional view of the Hvorslev fixed-piston sampler
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Figure 5-5. Schematic diagram of the operation of the Hvorslev sampler
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Figure 5-6. Cross-sectional diagram of the Butters sampler (after U.S. Department
of the Interior 1974)
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Figure 5-7. Photograph of 1he Osterberg sampiar
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Figure 5-8. Cross-sectional view of the Osterberg sampler which illustrates the
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Figure 5-12. Schematic diagram of the Denison sampler (after Hvorslev 1949)
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Figure 5-15. Schematic drawing of a hollow-stem auger with thin-wall sampling
tube (after U.S. Department of the Interior 1974)
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Figure 5-19. Diagram illustrating the operation of the Bishop sand sampler (after Hvorslev 1949)
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Figure 5-21. Photograph of a dipping tank for coating 75-mm- (3-in.-) and 125-mm-
(5-in.-) diam sampling tubes
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Chapter 6 diameter than the outside diameter of the sampler should
Procedures for Undisturbed Soil be sufficient. In soils containing irregular hard and soft

pockets that cause deviation of the drill bit or in soils that
tend to squeeze, a slightly larger clearance, i.e., 12 to
19 mm (1/2 to 3/4 in.), may be required. When casing is
used, the hole should be drilled 6 to 25 mm (1/4 to 1 in.)
6-1. Advancing the Borehole larger than the OD of the casing. Paragraphb6eBtlines

the procedure for setting casing.
Position the drill rig over the sampling location, chock the
wheels on the drill rig, and adjust the mast to a vertical b. Methods of advance Boreholes for undisturbed
pOSition. Place the drill rods and related equipment at asamp|es may be advanced by rotary dr||||ng methods or
convenient location for use with respect to the drill rig. with augers. Augers are discussed in Chapters 3, 7,
The drill rods, sampling equipment, casing, etc., may beand 8. If rotary drilling is used, the bit must deflect the
placed abou5 m (15 ft) from the drill rig. Set the fluid  grilling fluid away from the bottom of the hole. Dis-
slush pit, if used, at the drill rig. The inspector's work placement and percussion methods for advancing bore-
station, areas for sample storage, power units, supporholes are not acceptable for undisturbed sampling
vehicles, and other equipment can be located at greatepperations.
distances, depending on the type of drilling and/or sam-
pling operations, site topography, weather conditions, (1) Augering Auger borings are generally used in
logistics, etc. soils where the borehole will remain open, usually above

the groundwater table. Augers operate best in somewhat
After a vertical pllot hole has been eStainShEd, attach the|oose, moderate|y Cohesive' moist soils. Augers may also
drill bit or auger to the drill rod and lower the String into be used in medium-to-hard C|aysy SiItS, and/or sands con-
the borehole. Attach more drilling rods or auger flights, taining sufficient fines to prevent the hole from caving.
as necessary. At the bottom of the borehole, the depth ofin general, the holes are bored without the addition of
the borehole is advanced to the desired depth by rotatingyater, although the introduction of a small amount of
the auger or bit and applying a downward pressure fromyyater may aid in drilling in hard, dry, or cohesionless
the drill rig or by gravity feed as required to achieve a gojls, Below the groundwater table, drilling fluid or cas-
satisfactory penetration rate. After the hole has beenjng may be required to stabilize the borehole. Because
advanced to the desired sampling depth, remove thequger borings typically do not use drilling fluid, the auger
excess CUttingS from the bottom of the hole before the boring method may be preferred for dr||||ng in embank-
drill string is withdrawn. ~As the string is withdrawn, ment dams, thus eliminating the potential for hydraulic
disconnect the sections of rod and lay aside. Repeat Umi\‘racturing, and in water sensitive formations.
the cutting head is retrieved.

Sampling In Borings

To advance the borehole using solid- or hollow-stem,
When lowering the equipment into the borehole to a new single- or continuous-flight helical augers, the auger is
sampling depth, repeat the above procedures in reversgttached to the spindle or kelly on a drill. The auger is
order. Count the number of rods to determine the depthjowered into the borehole, and downward pressure is
of the borehole. Carefully monitor and record the depth gpplied as the auger is rotated. Sufficient pressure should
of the hole for use during the sampling operations. All pe applied to cause the auger to penetrate as it cuts.
trips up and down the borehole with the drill string should However, the auger should not be forced into the soil so
be made without rotation. rapidly as to displace the soil outward or downward. A
rotational velocity of 50 to 150 revolutions per minute
In order to obtain an undisturbed soil sample, a clean,(rpm) is suggested, although the velocity should be
open borehole of sufficient diameter must be drilled to the adjusted according to the field conditions and the
desired sample depth. The sample should be taken af dgment of the driller. In general, a slower rate of feed
soon as possible after advancing the hole to minimizey|| result in smaller cuttings, whereas a rotational veloc-
swelling and/or plastic deformation of the soil to be ity greater than approximately 150 rpm will result in
sampled. excessive vibration of the drill string. At a depth of about
three- to four-hole diameters above the top of the intended
a. Diameter of the borehole The diameter of the  sample, additional care should be taken to prevent distur-
borehole should be as small as practical. If casing is nothgnce by decreasing the rate of hole advance. At the
used, a borehole 6 to 19 mm (1/4 to 3/4 in.) greater in
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desired sampling depth, rotate the auger until the cuttingspicked up by the auger (cuttings are no longer thrown
are removed from the bottom of the borehole. from the auger flights).

(a) Short-flight augers. The short-flight helical auger (2) Rotary drilling To advance a borehole using

is particularly advantageous for advancing shallow holes,rotary drilling methods, a baffled drag-type or fishtail bit
i.e., the bottom of the hole may be reached with the augeris rotated and advanced by gravity feed and/or downward
attached directly to the kelly. The depth of the borehole pressure applied from the drill rig as required to achieve a
is usually limited to the length of the kelly, which is satisfactory penetration rate. A suitable drilling fluid,
typically 3 to 6 m (10 to 20 ft). To operate, the auger is such as compressed air or a water-based bentonite mud, is
lowered to the bottom of the hole and rotated to cut and pumped through the drill rods to clean and cool the bit
fill. When the auger flight(s) is filled, the auger is raised and transport the cuttings to the surface. The bit rotation
above the ground surface without stopping the rotation.speed and the rate of advance as well as the drilling fluid
After the auger is clear of the borehole, the kelly can be consistency and circulation rate must all be adjusted to
rotated rapidly to throw the soil from the auger. The produce cuttings small enough to be transported to the
centrifugal force of the auger rotation causes all but sticky surface as fast as the bit penetrates. A drilling mud con-
soils to be thrown from the auger; a temporary increase insisting of a ratio of approximately 22.7 kg (50 Ib) of
rotational speed may be required to spin off these soils.bentonite per 375 din(100 gal) of water performs satis-
Repeated passes must be made in and out of the hole téactorily as a drilling fluid for most conditions and usually
advance the borehole. eliminates the need for casing. Compressed air may be
preferred, however, when sampling dry or water-sensitive
Several trial runs with the auger will determine the soils, such as expansive clays or shales and soils contain-
amount of advance of the borehole required to just fill the ing gypsum. Rotary drilling equipment is discussed in
auger. Excess penetration disturbs the soil at the bottonChapter 3; drilling fluids are discussed in Chapter 4.
of the hole, whereas an overfilled auger acts as a piston.
As the overfilled auger is withdrawn, the sidewalls and Bottom discharge rotary bits are not acceptable for
the bottom of the hole tend to be pulled inward and advancing the borehole for undisturbed sampling. Side
upward by suction. This disruption may cause the walls discharge bits may be used with caution. Prior to sam-
of the hole to squeeze or collapse and to disturb the soilpling, the loose material from the hole must be removed
at the bottom of the borehole. as carefully as possible to avoid disturbing the material to
be sampled. Jetting through an open-tube sampler to
(b) Continuous-flight augers.  Continuous-flight  clean out the borehole to sampling depth is not permitted.
augers may be used to advance the borehole in all soils
except loose sands and gravels. As the auger penetrates (3) Hydraulic-piston sampler Advancing boreholes
the formation, the flights act as a screw conveyor to bring with an hydraulic-piston sampler requires special adapta-
the soil to the surface. Additional sections can be tion. The method is similar to conventional rotary drill-
attached to the cutter head to drill to increased depthsing, except the soil is cut away by cutting teeth welded to
Hollow-stem augers may be used as casing to prevent theéhe bottom of the sampler rather than using a drag-type or
caving of certain soils; removal of the center rod and fishtail bit to advance the hole. Drilling-fluid ports are
pilot bit allows a sampler to be operated through the stemprovided in the thin-walled sampling-tube head to allow
of the auger. fluid to pass between the sample tube and the main sam-
pler barrel. The rate of drilling fluid circulation should be
If a solid-stem auger is used to advance the borehole, theminimized to prevent jetting ahead of the bit, but suffi-
auger flights must be removed from the borehole prior to cient to avoid blockage of the hole. After the boring has
sampling. Pull the drill rods and auger flights from the been advanced to the sampling depth, a check ball is
borehole without rotation. Disconnect the drill rods and dropped through the drill rods to close the ports and facil-
auger flights and lay aside. Repeat until the last sectionitate a sample push.
of rods or auger flights has been brought to the surface.
After the sample has been obtained, lower the auger and  (4) Displacement methods Displacement plugs or
drill rods into the borehole using the above procedures insamplers should not be used to advance boreholes for
reverse order. Advance the borehole to the next samplingundisturbed samples. Displacement causes disturbance
depth. Prior to sampling at the new depth, clean thebelow the depth of penetration to a depth in excess of
borehole by rotating the auger until the cuttings are three to four times the diameter of the plug or sampler.
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(5) Percussion drilling Percussion drilling should borehole and pushed or jacked to a depth to effect a seal
not be used to advance boreholes for undisturbed samplesn the soil at the bottom of the casing. The casing should
Vibrations caused by percussion drilling creates distur-not be pushed into the stratum to be sampled as distur-

bance to a depth of several borehole diameters. bance could result. Likewise, the casing should not be
driven, as many soils are sensitive to the vibrations
6-2. Stabilizing the Borehole caused by driving. As a reminder, each joint should be

securely tightened as the casing is assembled. Securely
Boreholes in soft or loose soils, or when the boring is tightened joints help to ensure that threads will not be
extended below the groundwater level, may be stabilizeddamaged as the casing is advanced. Furthermore, a joint
with drilling mud and/or casing. Generally, drilling mud that is securely tightened prior to placement is also much
will stabilize the borehole. However, when severe caseseasier to disassemble as it is removed.
of caving soils are encountered, casing may be required.
If casing is used, it should never be driven. If it is After the casing has been seated at the desired depth, the
advanced ahead of the borehole, heaving at the bottom ohole must be cleaned before the undisturbed sample can
the hole could occur. For some sails, it is often very be taken. A noncoring bit such as a drag bit should be
difficult to advance the borehole ahead of the casingused. After the drill string has been lowered into the
because of heaving at the bottom of the hole and squeezborehole and circulation of the drilling fluid has begun,
ing of the sidewalls. For these types of soils, water or the drill string and bit should be rotated and fed down-
drilling mud may help stabilize the hole. ward with a moderate pressure.

a. Drilling mud. Drilling mud is normally used as As the depth of the hole is increased, the casing may be
the drilling fluid for most soils as it efficiently removes advanced by rotation and/or jacking to a depth just above
the cuttings from the borehole. Drilling mud is also an the top of the next undisturbed sample. If the casing is
effective means for minimizing stress relief at the bottom advanced by rotation, a casing shoe with teeth set outward
of the borehole, supporting the sidewalls of the hole to may be required to cut a hole with sufficient clearance to
prevent caving, and holding the sample in the sampler asadvance the casing.
it is withdrawn from the boring. Information regarding
the use of drilling mud to stabilize the borehole is pre- 6-3. Cleaning the Hole Before Sampling
sented in Chapter 4.

A clean open borehole with a minimum of disturbed

b. Casing Casing is normally used to stabilize material at the bottom is essential to obtaining satisfactory
boreholes only when a particular stratum or caving zoneundisturbed soil samples. A careful, experienced operator
is encountered and must be sealed or when drilling mudcan detect excess material in the bottom of the hole by
would have an adverse effect on the soil to be sampledthe actions of the tools and should repeat and/or continue
such as a dry or water-sensitive formation. Flush-joint or the cleaning operations until the hole is clean. After the
flush-coupled casing is the most satisfactory type of borehole has been thoroughly cleaned, the depth to the
casing. The flush internal surface of this type of casing bottom of the hole should be obtained and recorded. This
prevents hanging and jarring of the sampler. Similarly, measurement can be compared to the depth of the hole
the flush external surface of the casing minimizes the when the sampler or other device is lowered; if discrepan-
annular space required between the casing and the wallsies exist, cuttings suspended in the drilling fluid or
of borehole and thus ensures a more stable hole. Theslough from the wall of the borehole may have settled to
flush external surface also reduces the resistance fothe bottom of the hole.
installation and removal of the casing from the hole.

When sloughing or crumbly surface material is encoun- a. Cleaning with augers In boreholes advanced
tered, a short section of casing may be required, especwith an auger, the auger is used to clean the hole. After
ially when operations extend for several days. Additional the hole has been advanced to the desired sampling depth
information on casing is presented in paragraphsi3-4 and the cuttings have been removed from the auger, the
and 8-b. auger should again be lowered to the bottom of the hole

and turned several revolutions without advancing the hole
When casing is used, the hole should be drilled or reamedo pick up any loose material. The auger must then be
to a diameter 6 to 25 mm (1/4 to 1 in.) larger than the carefully withdrawn without rotation to prevent any loss
OD of the casing to within a few feet of the stratum to be of material from the auger flights or dislodging of mate-
sampled. The casing should then be inserted in therial from the sidewalls of the hole.
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b. Cleaning with rotary drilling methods In bore- hydraulic-piston sampling, and pushing by hand. These
holes advanced by rotary drilling methods, the bit rotation methods and their limitations are discussed in the follow-
and drilling fluid pumping rate should be reduced as the ing paragraphs.
bit reaches a depth to within 0.3 m (1 ft) of the desired
sampling depth. The bit should then be advanced slowly (a) Dirill-rig drive. One technique of pushing a thin-
to the desired depth of the top of the undisturbed samplewalled sampler is using the hydraulic drive mechanism on
Circulation of the drilling fluid should be continued at the the drill rig. The sampling tube is advanced in one uni-
reduced pumping rate until the cuttings in the drilling form, continuous push without rotation by applying a
fluid near the bottom of the boring are washed out. The downward force through the drill rods. If the push is
boring is properly cleaned when the concentration of fine interrupted, it should not be resumed for any reason as
particles per unit volume of suspension becomes constant.adhesion and friction quickly develop between the sample

and sampling tube during the interruption. Restarting the
6-4. Sampling Procedures push will result in increased penetration resistance and

additional disturbance to the sample. Prior to the sam-
Procedures for obtaining undisturbed samples using opengpling drive, the rig should be firmly anchored to prevent
and piston-type thin-walled push-tube samplers and corethe reaction of the drive from raising the rig during the
barrel samplers are discussed in the following paragraphspush. Screw-type earth anchors (Figure 6-1) are typically
Details of the equipment are presented in Chapter 5. installed to a depth of about 1-1/2 m (5 ft). Screw-type

earth anchors can be fastened to the drill rig with load

a. Push samplers After the borehole has been binders, as shown in Figure 6-2, to provide adequate
advanced and cleaned, the assembled sampler is loweregnchorage to the rig.
to the bottom of the borehole. Care must be used to
prevent dislodging of materials from the sidewalls of the (b) Hydraulic-piston sampling The hydraulically
borehole. With the bottom of the sampler just in contact activated piston sampler uses a variation of the drill-rig
with the soil to be sampled, the drill rods are chucked in drive method of advance which was discussed in the
the drill rig. This prevents the weight of the drill rods preceding paragraph. The drill rods are chucked and
and sampler from bearing upon and possibly disturbing hydraulic pressure is applied downhole through the drill
the material to be sampled. To sample, a thin-walled rods to the sampler head. An increase of pressure in the
cylindrical tube is forced into the undisturbed soil in one sampler head causes the thin-walled tube to be advanced
continuous push without rotation. into the undisturbed soil at the bottom of the hole. The

rods and drill rig provide the reaction force for advancing
Thin-walled sampling tubes may be used in very soft to the sampling tube. The hydraulic-piston sampling method
stiff clays, silts, and sands that do not contain appreciableof advance cannot be used satisfactorily in hard clays and
amounts of gravel. Most samplers are about 60 to 75 cmsilts, dense sands, or gravelly soils, as the penetration
(24 to 30 in.) long, although the length of the sampling resistance may cause the rods to buckle. If the drill rods
drive is limited by the capability of the drilling rig for a buckle, the sample may be seriously disturbed.
continuous smooth push, the type of sampler which is
used, and the material to be sampled. Generally, 125-  (c) Pushing by hand Usually, an undisturbed sam-
mm- (5-in.-) diam sampling tubes should be used in clayspler is pushed by hand only in test pit sampling where
and silts which can be removed from the tube and pre-short, small-diameter, thin-walled samplers are used. The
served in an undisturbed state in a wax-coated cardboargdample quality may be enhanced by the advance trimming
tube. Samples of very soft clays and silts which will not and pushing technique and the use of tripod frame for
support their own weight and cannot be extruded in anguiding the sampling tube. See Chapter 11 for details.
undisturbed state should be taken with either 75- or
125-mm- (3- or 5-in.-) diam sample tubes and sealed in (d) Mechanical or hydraulic jacking Hand-operated
the tube with expanding packers or wax. A 75-mm- mechanical or hydraulic jacks used in field operations
(3-in.-) diam sample of clean sand is usually satisfactory.produce an erratic, slow rate of penetration and cause
High penetration resistances may preclude pushing largewibrations in the drill rod string. As a result, the jacking
sampling tubes in cohesionless soils, especially in densemethod should be avoided because of the disturbance to
sands. the sample.

(1) Methods of advance The methods for advancing (2) Rate of penetration The rate of penetration of a
thin-walled samplers include drill-rig drive, thin-walled undisturbed sampler greatly affects the degree
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of disturbance to the sample. A fast, continuous penetra-After the sampler has been removed from the borehole,
tion of the sampling tube is required to prevent the remove the sampling tube from the sampler head and
buildup of friction between the sampling tube and the soil. measure the recovered length of sample. Compare the
The rate of penetration should be as constant as possibleecovered sample length to the length of the push.
throughout the drive. Penetration rates on the order ofRecord these data.
5 to 30 cm/sec (2 to 12 in./sec) are recommended.
Trim about 5 cm (2 in.) of material from the bottom of

(3) Sampler withdrawal After the sampling drive the sample. Place the trimmings in a jar for use as a
has been completed, the withdrawal of the sampler shouldvater content specimen and for visual classification.
be delayed briefly to increase adhesion and/or friction Measure the distance from the bottom of the push tube to
between the soil and the sampling tube which will assistthe bottom of the trimmed sample. Record these data.
in holding the sample in the tube. Usually, the time Insert an expandable packer in the bottom end of the push
which is required to measure the length of the push andtube if the sample is to be shipped to the laboratory. If
other minor operations following the push is sufficient. the material is to be extruded on site, the installation of
The sampler should be withdrawn slowly and uniformly the packers is omitted.
with a minimum of shock and vibration. A fast with-
drawal tends to create a vacuum below the sampling tubeTrim all loose, disturbed material from the top end of the
which may cause a loss of the sample. If drilling fluid is tube. If possible, trim an additional 5 cm (2 in.) into the
used in the borehole, fluid should be added as the sampleundisturbed sample; these trimmings can be used to deter-
is removed to keep the borehole full all times. mine the water content and to conduct a visual classi-

fication of the material, as suggested in the preceding

(4) Open-tube samplers Open-tube samplers are subparagraph. Measure and record the distance from the
perhaps the simplest tool to obtain samples. However,top of the tube to the top of the trimmed sample. Insert
because of the simplicity of the design and operation of an expandable packer in the top end of the tube unless the
the sampler, a lower quality of sample frequently results. sample is to be extruded on site. Determine the trimmed
A discussion of the procedures for obtaining undisturbed sample length by summing the lengths to the top and the
samples with the open-tube thin-walled sampling tube bottom of the trimmed sample; subtract this sum from the
follows. total length of the tube. Record the data.

After the sampler head has been inspected to make sur&he trimmings from the bottom (and top) of the sampling
that the ball check valve is clean, free moving, and func- tube should be sealed in a glass jar(s) for retention and
tioning properly, attach a sampling tube to the sampleruse at the soils laboratory. The jars should be sealed
head. One end of the tube should be sharpened to form @ammediately to keep the soil from drying. Care should be
cutting edge and should have an inside clearance raticexercised to prevent the soil from becoming contaminated
suitable for the soil being sampled (see paragraph 2-3)with drilling fluid or other contaminants which could
Lower the sampler and the drill rod assembly to the bot- affect the in situ water content or soil classification. A
tom of a clean borehole and clamp in the jaws of the few grams of soil from the trimmings may be used to
chuck on the drill rig. The depth to the bottom of the visually classify the soil according to the procedures listed
hole should be recorded. in Appendix E. A visual description and classification of
the soil should be entered in the boring logs (see
Establish a reference point and mark the desired length ofChapter 13).
push on the drill rod. The length of the push should be a
few centimeters shorter than the length of the sampling (5) Piston samplers Piston samplers, such as the
tube to ensure that the sample is not compressed in thedvorslev and the Osterberg samplers, are used for obtain-
tube. When advancing the sampler, note the maximuming soil samples above or below the groundwater table,
hydraulic feed pressure or any variation in pressure whichincluding cohesionless sands and soft, wet soils that can-
would indicate soft, firm, or gravelly zones. After the not be sampled using the thin-walled open-tube sampler.
sampler has been advanced the desired length of driveThe principal functions of the piston include preventing
rotate the sampler at least two revolutions to shear the soilkuttings, shavings, or slough material from entering the
at the bottom of the tube. Withdraw the sampler from the tube as it is lowered to the bottom of the borehole and
borehole as carefully as possible to minimize disturbanceincreasing sample recovery. A discussion of the
of the sample.
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procedures for sampling with fixed-piston samplers is pre- undisturbed soil at a uniform, continuous rate without
sented in the following paragraphs. exceeding 75 cm (30 in.). The push should be stopped if
the drill rig is lifted off the ground, as the sample could
(@) Hvorslev fixed-piston sampler The Hvorslev  be disturbed or the sampler could be damaged. After the
fixed-piston sampler is a mechanically activated samplersampler is advanced, clamp a vise grip pliers on the pis-
which contains many precision parts and screw connec-ton rod at the top of the drill rod string to prevent the
tions. The specific assembly and operation procedurespiston rod from sliding down. Measure and record the
must be performed in the proper sequence to ensuraistance between the original reference mark and the top
proper operation of the sampler. Before attempting to useof the drill rods. This distance is the push length.
this apparatus, the operator should thoroughly understand
the mechanics of the sampler because the precision partét the end of the drive, rotate the drill rods clockwise two
could be easily damaged by misuse or incorrect assemblyrotations to shear the sample at the bottom of the sam-
Consequently, it is suggested that this sampler be usegling tube and to lock the piston. Retract the sampler into
only by or under the direction of an experienced operator. open borehole. Disconnect the piston rods from the sam-
pler by continued rotation of the drill rods in the clock-
To operate, the sampler should be assembled with thewise direction; this action allows the piston rods to be
piston locked flush with the bottom of the sampling tube. removed before the sampler is withdrawn. Remove the
Attach drill rods and piston rod extensions, as necessarysampler from the borehole. During the withdrawal of the
and lower the sampler to the bottom of a clean hole. sampler from the borehole, the piston is held stationary at
When the sampler is in contact with the bottom of the the top of its stroke by a split cone clamp. Extreme care
hole, clamp the drill rods in the drill-rig chuck assembly. must be exercised when the sampler is removed from the
It should be noted that the Hvorslev sampler is not proneborehole to avoid jarring or losing the sample.
to cutting into the side of the hole as it is lowered
because the piston is locked at the bottom of the samplingRemove the sample tube from the sampler after the
tube. Furthermore, the sampler can be placed firmly vacuum breaker rod is removed. Make necessary meas-
against the bottom of the hole without picking up cuttings urements to the nearest 0.5 cm (0.01 ft), including sample
because the piston is locked in position. However, care islengths and any gap that may exist between the piston and
required to ensure that the weight of the drill string does the top of the sample. Record the data, seal the sample
not cause the sampler to penetrate or compress the undidor shipment to the soils laboratory, identify and label the
turbed soil at the bottom of the hole. sample, and update the boring logs (see Chapter 13).
Generally, the undisturbed soil sample will be sealed and
An alternative method of operating the sampler consists ofshipped to the laboratory in the sample tube, unless the
attaching drill rods only, prior to lowering the device to sample is extruded on site. After each sampling drive has
the bottom of the borehole. When the sampler has beerbeen completed, the sampler should be disassembled and
placed on the bottom of the hole, lower the piston rods thoroughly washed, cleaned, lubricated, and reassembled
through the drill rods and attach the rods to the top of the before the next sampling drive.
sampler. The coarse female thread end on the piston rod
should be placed downhole first. When a sufficient length (b) Butters fixed-piston sampler The Butters sam-
of piston rods have been added to the string to contact thepler is a mechanically activated Hvorslev-type fixed-
piston rod extension which is located at the top of the piston sampler. The basic operation of the Butters
sampler, screw the piston rods in a clockwise direction sampler is similar to the operation of the Hvorslev sam-
onto the piston rod extension. After the piston rods havepler. The basic differences are the Butters sampler has all
been connected to the piston rod extension, continue theight-hand threads and a simplified piston rod locking and
clockwise rotation of the piston rods for seven revolutions unlocking mechanism; these features make the Butters
to unlock the piston. sampler much easier to operate.

Prior to sampling, secure the piston rods to the drill-rig Because of the similarity of the Hvorslev and Butters

mast or to a frame which is independent of the drill rig. samplers, details for operation of the Butters sampler are
Place a reference mark (use grip pliers) on the piston rodnot presented herein. As is the case for any sampler, the
at the top of the drill rods. Advance (push) the sampler mechanics of the Butters sampler must be thoroughly
into the undisturbed soil using the drill-rig drive in the understood by the operator before it is used because the
same manner as described for the thin-walled open-tubeprecision parts could be easily damaged by misuse or
sampler. The sampler should be advanced into theincorrect assembly. Therefore, it is suggested that the
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sampler be used only by or under the direction of an After the drive has been completed, the sampler should be
experienced operator. rotated two or three revolutions in a clockwise direction
to lock the sample tube in position for withdrawal from
(c) Osterberg fixed-piston sampler The Osterberg the hole. The rotation of the sampler activates a friction
sampler is a hydraulically activated fixed-piston sampler clutch mechanism that allows the inner sampler head to
which is significantly different in design and operation grasp the inside of the sampler pressure cylinder. This
from the mechanically activated Hvorslev and Butters action also shears the sample at the bottom of the sam-
samplers. Since the Osterberg sampler does not requir@ling tube.
piston rod extensions, it is faster and easier to assemble,
operate, and disassemble than the mechanically-activatedhe sampler should be withdrawn slowly and very care-
samplers. However, the sampler does contain movingfully from the borehole to avoid jarring or losing the
parts with O-ring seals which require careful assembly sample. After the sampler has been withdrawn from the
and must be kept clean and lubricated for proper opera-borehole, the sampling tube should be removed from the
tion. Therefore, it is recommended that clear water sampler. After the bolts or screws which are used to
should be used to advance the sampler because the saradtach the sampling tube to the sampler head have been
particles suspended in the driling mud are abrasive andremoved, the vacuum which was developed as a result of
can damage the O-ring seals; however, this recommendathe sampling drive must be released before the tube can
tion may not always be feasible. be removed from the head. The vacuum can be released
by drilling a small hole through the tube just below the
The sampler should be assembled with the piston flushpiston. Once the vacuum has been released, the sample
with the bottom of the sampling tube and lowered to the tube can be removed from the sampler. Necessary data
bottom of a cleaned hole. Because the piston is fixed inshould be recorded, the sample should be sealed and
position, the sampler can be placed firmly against theidentified, and the boring logs should be updated (see
bottom of the hole. The drill rods should be securely Chapter 13).  The sampler should be disassembled,
attached to the drill rig to provide a reactionary force for washed, cleaned, lubricated, and reassembled for the next
pushing the sampling tube into the undisturbed soil. sampling drive.

To advance the sampler, fluid pressure is applied through (d) Modified Osterberg fixed-piston sampler The
the drill rods to the sampler pressure cylinder. Due to themodified Osterberg fixed-piston sampler, like the
pressure increase, the inner sampler head is forced down©Osterberg sampler, is a hydraulically activated fixed-
ward to advance the sample tube into the undisturbed soilpiston sampler. It uses the same basic design and princi-
When the inner sampler head has reached its full strokeples of operation as the conventional Osterberg sampler.
(the sampling tube has penetrated its full depth into theAll of the general procedures described for the Osterberg
soil), the pressure is relieved through bypass ports in thesampler also apply to the modified Osterberg sampler.
hollow piston rod. The change of pressure can be
observed as a drop in the reading on a fluid pressureThe major differences and improvements in the modified
gauge. An air bubble and/or drilling fluid return observed Osterberg sampler as compared to the conventional
at the top of the mud column indicates that the samplerOsterberg sampler include a more rigid sampler which
has been advanced its full distance. The fluid pump increases it applicability for sampling soils containing fine
should then be disengaged. gravels, the use of aluminum sample liners with a case-
hardened replaceable driving shoe, and the addition of a
The sampling tube cannot be overpushed because the fluident hole in the thick-walled inner sampler barrel to allow
pressure is automatically relieved by circulation bypassthe vacuum seal to be broken for removal of the liner.
through ports in the hollow piston rod once the sample During sampling operations, the undisturbed sample can
tube has advanced its full length. However, if the fluid be easily removed from the sampler by simply removing
pressure does not decrease and a return flow is nothe driving shoe and pulling the aluminum liner out of the
observed, this fact usually indicates that a full stroke or inner sampler barrel. Reloading of the sampler is accom-
drive was not achieved. If a full drive cannot be com- plished by sliding a new liner into the inner barrel, attach-
pleted, it is necessary to measure the actual drive once th@g the driving shoe, and pushing the inner barrel into the
sampler has been lifted out of the hole. This measure-pressure cylinder.
ment should be noted on the boring logs.
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Because of the similarity of the Osterberg and the modi- Extension of the inner barrel cutting shoe beyond the
fied Osterberg samplers, details for operation of the modi-outer barrel cutting teeth depends upon the soil type. The
fied Osterberg sampler are not presented herein. As is théength of the extension should be the least amount which
case for any sampler, however, the mechanics of thewill result in a full sample that is not undercut or contam-
modified Osterberg sampler must be thoroughly under-inated by drilling fluid. If the soil formation is easily
stood by the operator before it is used, as the parts coulceroded, the cutting shoe should be extended below the
be easily damaged by misuse or incorrect assembly. It iscutting teeth of the outer barrel. If the cutting shoe will
suggested that the sampler be used only by or under theot penetrate the soil, the cutting edge must be adjusted
direction of an experienced operator. even with or slightly above the cutting teeth of the bit.

b. Core barrel samplers When the material to be The total length of the sampling drive should always be a
sampled contains gravel or is too hard to penetrate withfew inches short of the length of the sampler to ensure
the thin-walled push-tube sampler, double- or triple-tube that the sample is not compacted in the sampler. A sam-
core barrel samplers such as the Denison sampler or th@ling drive of 50 cm (20 in.) plus the length of the cutting
Pitcher sampler which are described in Chapter 5 may beshoe is a reasonable value for the total length of drive. A
used. To sample, the core barrel is lowered to within a core catcher should not be used unless absolutely neces-
few tenths of a foot from the bottom of the borehole and sary to retain the soil. If a core catcher has been used, it
circulation of the drilling fluid is begun; the circulation should be noted on the data form. After the sampling
helps to remove cuttings that may have settled to thedrive has been completed, the core barrel sampler should
bottom. The core barrel is then lowered to the bottom of be carefully withdrawn from the borehole to avoid
the hole, rotated, and forced downward at a uniform rate.disturbing the sample. The drilling practices, which are
The bit pressure, speed of rotation, and drilling fluid suggested in paragraph 4-7, should always be followed.
pressure must often be determined experimentally because
of the variety of core barrels, drilling fluids, and varia- c. Hollow-stem auger sampler The hollow-stem
tions of the soil formations which are encountered. auger sampler consists of a rotating outer auger barrel

with cutting bits at its bottom and a stationary inner barrel
The speed of rotation and the rate of advance must bewith a smooth cutting shoe. The principle of operation is
adjusted to ensure continuous penetration by steady cutsimilar to the operation of the core barrel sampler; the
ting of the bit. The rate of penetration should not be inner barrel remains stationary and slides over the sample
greater than the speed at which the outer barrel is able tan advance of the rotating outer barrel. The outer barrel
cut. If the bit is advanced too rapidly, it may become enlarges the hole above the sample. Cuttings are lifted to
plugged and grind away on the core. If the bit is the surface by the auger flights on the outer barrel, which
advanced too slowly, or intermittently, the core will be also acts as casing in the borehole. Additional sections of
exposed to excessive erosion and torsional stresses. Thauger can be added as the borehole is advanced.
rotational speed of the bit should be limited to that which
will not tear or break the soil sample. Generally, 50 to The auger is rotated and forced downward in one continu-
150 rpm is satisfactory for coring most soils. The Deni- ous motion. Proper rotation speed and downfeed pressure
son sampler is advanced at a speed which allows theare required to advance the auger sampler and to clean the
sample to move into the sampler without disturbance.borehole. Excessive downfeed pressure could cause the
Sampler rotation, fluid pressure, downward force, and auger to corkscrew into the ground and bind in the hole.
sampler configuration should vary with the type of soil A center pilot bit or center auger, which can be removed
being sampled. at any depth and replaced with the inner barrel assembly

for sampling, can be used to keep the hollow stem open.
The drilling fluid pump pressures and flow rates should If the hollow-stem auger is used as casing below the
be the minimum necessary to circulate the fluid freely, groundwater level, the center pilot bit and auger sections
carry the cuttings from the hole, and stabilize the boreholeshould be fitted with O-rings to prevent leakage. How-
walls. Too much drilling fluid pressure and too high of ever, if the center pilot bit must be removed for any rea-
flow rate will erode the core, whereas too little drilling son, the hydrostatic pressure inside the hollow-stem auger
fluid pressure and too low of flow rate will plug the bit should be adjusted to the hydrostatic pressure outside the
and may allow the cuttings to enter the core barrel with auger barrel to prevent heaving at the bottom of the barrel
the core or plug the annulus between the inner and outemas the center bit is removed.
barrels.
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6-5. Preservation of Samples After the packer has been inserted in the bottom of the

tube, the tube and the sampler should be carefully
Undisturbed samples must be handled and preserved in @&moved from the drill rods as a unit and kept in an
manner to preserve stratification or structure, water con-upright orientation. The lower end of the tube should be
tent, and in situ stresses, to the extent possible. Once th@laced on a firm cushioned base, and the sampler head
sample has been removed from the borehole, it must beand piston removed from the tube. Cuttings at the top of
either sealed within the sampling tube or extruded andthe sample tube should be noted, measured, and removed
sealed within another suitable container prior to shipmentwith a cup cleanout auger; free water can be removed
to the laboratory for testing. In general, carbon steel with a suction bulb before a perforated expandable packer
tubes should not be used if the samples are to be stored imnd filter paper or paper towel are placed against the top
the tubes for an extended period of time because the tubesf the sample.
will rust or corrode and may contaminate the sample. If
extended storage is required, containers made of alternaAfter the tube has been sealed, it should be placed in a
tive metals or wax-coated cardboard tubes should bevertical rack to allow the free water to drain. The time
considered. Samples for water content determinationrequired for proper drainage depends on the fines fraction
must be sealed to prevent changes of soil moisture. Ifof the soil. Twenty-four to forty-eight hours (hr) is usu-
glass jars are used, the gasket and the sealing edge of thaly acceptable for most soil types. Under no circum-
container must be clean to ensure a good seal. Guidancstances should the sample be permitted to dry completely,
for preservation and shipment of samples is given inas it is impossible to trim or slice a sample of dry sand or
Chapter 13 and in ASTM Standard D 4220-83 (ASTM to remove it in increments for density determinations.
1993).

Throughout the preceding operations, the sampling tube

a. Storing samples in sampling tubedAbout 5 cm should be maintained in a vertical position from the time

(2 in.) of material must be removed from the bottom of the sample is obtained until drainage is complete.
the sampling tube to provide a space for an expandableExtreme care must be exercised to avoid disturbance of
packer, as shown in Figure 6-3, or similar device, such asthe sample by rough handling or jarring. After the sam-
prewaxed circular wooden blocks, for sealing the tube.ple has drained, it is ready for removal from the sampling
The expandable packer consists of two metal or plastictube for field testing or for preparation for shipment to the
disks which are separated by a thick rubber O-ring. laboratory.
Tightening the wing nut which is used to hold the disks
together will squeeze and force the rubber O-ring againstCohesionless sands may be frozen in the sampling tube
the wall of the sampling tube to provide a moisture-proof and kept in a frozen state until they are tested in the labo-
seal. The cup cleanout auger in Figure 6-4 can be used taatory. Prior to freezing, the samples should be thor-
remove material from the bottom of the sampling tube. It oughly drained to prevent disruption of the soil structure
produces a plane surface on which the packer may restdue to the expansion of water upon freezing. Judgment
The soil which is extracted from the bottom of the should be exercised when freezing cohesionless samples
sampling tube should be placed and sealed in a jar orcontaining fines or silt or clay lenses. Not only do the silt
other suitable container so that it may be used later forand clay lenses expand upon freezing, the lenses also
classification and/or water content determination. impede drainage. The water in improperly drained zones

will expand upon freezing and disturb or destroy the soil

(1) Cohesionless soilsImmediately after the sampler structure.

has been withdrawn from the borehole, a perforated,
expandable packer, similar to the one shown in Fig- (2) Cohesive soils Undisturbed samples of cohesive
ure 6-5, must be inserted in the bottom of the sampling soils are usually removed from the tube soon after the
tube. A sheet of filter paper or paper towel should be sample is obtained. However, if the sample is to be pre-
placed between the packer and the sample. The papeserved in the thin-walled sampling tube, a small amount
will allow excess moisture to drain from the sample with- of soil should be removed from the bottom of the tube
out losing the cohesionless material. Drainage of waterand placed in a suitable container. Cuttings at the top of
from the sample will help to prevent liquefaction and the sample tube should be noted, measured, and removed
minimize the sample disturbance caused by samplewith a cup cleanout auger; drilling mud can be removed
handling. with a suction bulb. The sample tube should then be
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sealed with a solid, expandable O-ring packer or somePneumatically activated sample jacks are not satisfactory
other suitable method, as described previously. for extruding undisturbed samples from sampling tubes.
The pressure required to overcome the frictional forces
b. Removing samples from sampling tubes between the sample and the sampling tube is usually

considerably greater than the pressure required to extrude
(1) Cohesionless soilsMeasurements to determine in the sample. Once the frictional forces have been over-

situ densities can be made in the field by removing the come, the compressed air in the pneumatic cylinder ejects
soil from the tubes in increments and determining the the sample too rapidly. Serious sample disturbance fre-
volume and weight of the soil for each increment. The quently occurs. Figure 6-7 shows a hydraulic sample jack
cup cleanout auger can be used for removing the soil.operated by the hydraulic system of the drill rig. Fig-
With the sampling tube oriented in a vertical direction, the ure 6-8 shows a manually operated mechanical sample
cup cleanout auger is inserted in the tube to the top of thejack.
soil and rotated in a clockwise direction with a slight
downward pressure. After a small amount of soil has Cohesive samples which have been extruded from the
entered the auger, the soil will bridge over and stop thesampling tube may be placed in wax-coated cardboard
cutting action of the auger. The auger should not betubes which are approximately 25 mm (1 in.) larger in
forced further but should be withdrawn and the soil diameter than the sample itself. A wax mixture, such as a
should be removed. The process should be repeated until:1 mixture of paraffin and microcrystalline wax, should
the desired increment of the sample has been removed. Ae placed around the soil sample to minimize changes of
small amount of soil may adhere to the sidewalls of the water content and disturbance of the sample. The temper-
sampling tube. It should be removed and included with ature of the wax should be less than about 10 deg C
the soil increment. The sampling tube wall scraper, as(18 deg F) above its melting point, as wax that is too hot
shown in Figure 6-6, consists of a beveled plate attachedpenetrates the pores and cracks in the soil and limits the
to a rod. usefulness of the samples. Qualitatively, an object such

as a pencil that is inserted in wax at the proper tempera-

(2) Cohesive soils Undisturbed samples of cohesive ture for coating samples will be coated with congealed

soils which are to be removed from the sampling tubeswax immediately upon withdrawal; the wax coating will
should be extruded immediately after the sample has beemot bond to the object. If the wax is too hot, it will
withdrawn from the borehole. A delay in removing cohe- appear clear and bond to the object.
sive materials from the tube allows adhesion and friction
to develop between the sample and sampling tube. Thelhe sample must be placed carefully into the cardboard
result may be greater than normal sample disturbance dusample tube to prevent damage to the sample. The sam-
to the extrusion process. ple should be centered in the tube to ensure a continuous

coating of wax. Premolded wax base plugs, which are
Prior to extruding the sample, the bottom end of the soil shaped to aid in centering the sample, eliminate the need
sample should be trimmed properly so that the samplefor pouring a base of wax in the tube. After the sample
extruding piston fits against a plane surface perpendicularhas been placed in the tube and centered, a small amount
to the axis of the sample. The sample should be extrudedf wax may be poured around the sample to soften the
from the sampling tube in the same direction as it was base to assure bond between pours. The annular space
sampled using one smooth, uniform stroke of the jack to between the sample and the sampling tube should be
minimize sample disturbance. The sample should befilled and the top of the sample should be covered with
extruded onto a half-section receiving tube made from awax. In general, the sample should not be wrapped with
tube of the same diameter as the sampling tube. Thefoil or plastic. However, a material which is too friable
sample then can be examined, the classification and stratito handle may be wrapped with cheesecloth for added
fication of the sample can be noted, and the sample prestrength as required for handling.
served for shipment to the laboratory. Logging time must
be kept to a minimum to prevent moisture loss, slaking, 6-6. Boring and Sampling Records
etc.

After the soil samples have been removed from the sam-
The use of hydraulically activated sample jacks is the pling apparatus, visually identified according to the proce-
most satisfactory method for extruding soil samples from dures and methods which are presented in Appendix E of
the sampling tube. Mechanical sample jacks should bethis manual, and sealed in appropriate sample containers,
used only when hydraulic pressure is not available.
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the sample containers should be identified and labeled6-7. Shipment of Samples
and the boring logs should be updated.

The most satisfactory method of transporting soil samples
All tubes and samples should be labeled immediately tois in a vehicle that can be loaded at the exploration site
ensure correct orientation and to accurately identify theand driven directly to the testing laboratory. This method
sample. ENG Form 1742 and/or ENG Form 1743, ashelps to minimize sample handling and allows the respon-
shown in Figure 13-1, should be completed and securelysibility of the samples to be delegated to one person.
fastened to each sample. The information on the sampleéSamples shipped by commercial transportation companies
identification tag should include project title and location, require special packing or crating, special markings, and
boring and sample number, depth and/or elevation inter-instructions to ensure careful handling and minimum
val, type of sample, recovery length, trimmed sample exposure to excessive heat, cold, or moisture. In general,
length, sample condition, visual soil classification, date of jar samples from the bottom of the tube samples can
sampling, and name of inspector. All markings should be usually be packaged in containers furnished by the manu-
made with waterproof, nonfading ink. Pertinent boring facturer, although special cartons may be required if con-
information and sample data, as discussed in parasiderable handling is anticipated. Undisturbed sample
graph 13-3, must be recorded in the boring log. tubes should be packed in an upright orientation in pre-

fabricated shipping containers or in moist sawdust or
In addition to the aforementioned data which were placedsimilar packing materials to reduce the disturbance due to
on the sample identification tag, clear and accurate infor-handling and shipping. For certain cases, special packing
mation which describes the soil profile and sample loca- and shipping considerations may be required. Regardless
tion should be documented in the boring logs. Recordof the mode of transportation, the soil samples should be
any information that may be forgotten or misplaced if not protected from temperature extremes and exposure to
recorded immediately, such as observations which maymoisture. If transportation requires considerable handling,
aid in estimating the condition of the samples, the physi-the samples should be placed in wooden boxes. Addi-
cal properties of the in situ soil, special drilling problems, tional guidance is presented in Chapter 13 and in ASTM
weather conditions, and members of the field party. D 4220-83, “Preserving and Transporting Soil Samples”
Figure 6-9 presents an example of a boring log of an (ASTM 1993).
undisturbed sample boring.
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Figure 6-2. Photograph of screw-type earth anchors fastened to the drill rig with load binders to
anchor the rig

6-12



EM 1110-1-1906

30 Sep 96

o

O0%5L 0L

Jaaed sjqupuedxs ue o ydeaboloud "&-9 adnb)4

_« Lyl T4 i Il‘,._u

05l 00 0%

r..-_r.-_._.___.__-._:

6-13



EM 1110-1-1906
30 Sep 96

 CLEAN-OUT
AUGER ASSEMBLY

Figure 6-4. Photograph of a cup cleanout auger which is used to remove
material from the bottom of the sampling tube
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Figure 6-5. Photograph of a perforated, expandable packer

Figure 6-6. Photograph of a sampling tube wall scraper
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Figure 6-7. Photograph of a hydraulic sample jack which is operated by the
hydraulic system of the drill rig

Figure 6-8. Photograph of a manually operated mechanical sample jack
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Chapter 7 c. Helical augers Helical augers, which are some-
Equipment for Disturbed Soil Sampling In times called worm-type augers, may be used with drill

rigs to obtain disturbed samples of cohesive soils from
above or below the water table. The auger consists of a
stem onto which the helical fluting or auger flights are
wrapped. A drive head is attached to one end of the
7-1. Sampler Type stem; fluting, pilot bit, and cutting teeth are attached to
the other end. As the names imply, the auger stem may
Various types of augers and drive and displacement sampe either solid or hollow; the fluting may consist of as
plers are available for obtaining disturbed samples of mostfew as one revolution of the fluting or one flight to con-
soils. In general, the equipment (and procedures) fortinuous fluting over the total length of the stem. Fig-
obtaining disturbed samples of soil are similar (or perhapsyre 7-4 is a photograph of a short-flight solid-stem auger.

require minor modifications) to the equipment and meth- Figure 7-5 is a photograph of segments of a continuous-
ods which were discussed in Chapters 5 and 6 for undis-light hollow-stem auger and a continuous-flight solid-

turbed sampling operations. The most satisfactory type ofstem auger.
sampler depends upon the nature of the material to be
sampled, the purpose for which the sample is intended,The operations of the short-flight and the continuous-
and the type of drill rig which is used. Procedures for flight augers are similar. The principal difference is the
obtaining disturbed samples are discussed in Chapter 8. method in which the soil is brought to the ground surface.
For the short-flight auger, the auger must be returned to
7-2. Augers the surface each time the flights are filled with soil. The
principal advantage of the short-flight auger is a better
Augers may be used for obtaining disturbed samples in allknowledge of changes of strata. The disadvantage of this
types of soils except clean cohesionless sands and gravelgiethod is that the auger must be removed from the bore-
with little apparent cohesion or those soils in which the hole each time the flights are filled with soil. The advan-
borehole will not remain open. Augers are best suited fortage of the continuous-flight auger is that the soil is
sampling above the water table. Samples are takergutomatically brought to the ground surface by the rota-
directly from the auger upon its withdrawal from the hole. tion of the auger as it penetrates. However, the quality of

Augers are generally available in sizes from 25- 1o soil samples may be of questionable value because of the
75-mm- (1- to 3-in.-) diam for hand-held devices to 2.4- potential for mixing soils from different strata.

m- (96-in.-) diam or larger for machine-operated helical

and disk augers. A photograph of a bucket auger drill in The hollow-stem auger may be used as casing to prevent

operation is presented in Figure 3-10. caving of unstable soils.  After the boring has been
advanced to the desired depth, the center rod and pilot bit

a. Hand augers Iwan-type posthole augers and are removed. A sampling device can be operated through
light helical augers are used for shallow borings. Fig- the stem of the auger.

ure 7-1 is a photograph of lwan augers.

Borings

d. Bucket augers A bucket auger consists of a

b. Barrel augers Barrel-type augers may be used relatively short barrel which is open at the top and
with drill rigs to obtain disturbed samples of most cohe- equipped with cutting teeth attached along slots on a
sive soils above and below the water table. The Vicks- hinged drop bottom. Two designs for the slots in the
burg solid and hinged augers and the McCart split auger,bottom of the bucket are available. For cohesive mater-
as shown in Figures 7-2 and 7-3, respectively, are typicalials, open slots are located ahead of the cutting teeth. For
barrel-type augers. The Vicksburg and McCart augers arecohesionless materials or for drilling below the water
fashioned after the Iwan auger and are equipped withtable, hinged steel or rubber flaps are used to cover the
rigid overlapping curved blades at the bottom of the bar- slots in the bottom of the bucket to prevent the loss of
rel. The blades of the Vicksburg hinged auger are heldmaterial. To fill, the bucket is rotated and the flaps pivot
together during augering operations by a hinge and slipupward to allow the material to enter. When the bucket is
ring. The blades of the McCart auger are held togetherfilled, it is pulled out of the borehole and moved away
by a bolt. Split augers are especially adapted for removalfrom the rig by a dump arm before it is emptied. Fig-
of sticky soil from the auger barrel. However, split ure 7-6 is a schematic drawing of several types of bucket
augers are not strong enough to be used in hard or stonwugers. Figure 7-7 is a schematic drawing of a hinged
soils.
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drop-bottom bucket which was designed for rapid removal (1) Thin-walled samplers The thin-walled open
of cohesive or cohesionless soil from the bucket. sampler consists of a tube affixed to a sampler head

assembly which may or may not be equipped with a
A variety of types of bucket augers are available for check valve. Most sampling tubes are drawn to provide a
specific tasks. For example, belling buckets are used forsuitable inside clearance, although this “requirement” is
underreaming, such as when a larger diameter of boreholenly necessary for undisturbed sampling operations.
is needed at depth. To activate the belling bucket, down-These tubes normally have an OD of 75 to 125 mm (3 to
ward pressure is applied by the kelly to open the reamers5 in.) and a length of 76 to 91 cm (30 to 36 in.). Thin-
Other types of buckets include those for picking up large walled tubes are sharpened on one end and therefore, may
boulders and buckets to chop hard materials. Examplese easily damaged by buckling or by blunting or tearing
of the use of bucket augers include drilling large-diameter of the cutting edge as they are driven into stiff or stony
accessible borings, boreholes for cast-in-place piles, watesoils. To reduce the potential for damage, the tube should

wells, and pressure relief wells near Corps structures. be pushed rather than driven. Hence, the basic principle
of operation of the thin-walled sampler is to force the
7-3. Push or Drive Samplers cylindrical tube into the soil in one continuous push with-

out rotation.
Push or drive samplers, which are pushed or driven into
the soil without rotation, may be used for obtaining dis- Thin-walled open-drive samplers may be used to obtain
turbed samples of most soils. Push-tube samplers can beamples of medium-to-stiff cohesive soils. Soils which
subdivided into two broad groups: open samplers andcannot be sampled with this device include soils which
piston samplers. Open samplers consist of a vented samare hard, cemented, or too gravelly for sampler penetra-
pler head attached to an open tube which admits soil agion, or soils which are so soft or wet that the sample will
soon as the tube is brought in contact with the soil. The not stay in the tube.
sampler head itself may be equipped with a ball check
valve which creates a partial vacuum that aids in sample (2) Thick-walled samplers A large number of thick-
recovery and prevents the entrance of drilling fluid during walled samplers are available. The most-well known
sample withdrawal. Some open samplers are equippedsplit-tube or split-barrel type sampler is the split-spoon
with a cutting shoe and a sample retainer. Piston sam-sampling tube which is used with the SPT, as described in
plers have a movable piston located within the samplerAppendix B in this manual. Another thick-walled sampler
tube. The piston helps to keep drilling fluid and soil includes the California sampler.
cuttings out of the tube as the sampler is lowered into the
borehole. The piston also helps to retain the sample inThick-walled split-spoon samplers of various sizes have
the sampler tube. been used extensively for obtaining disturbed samples of

all types of soil, both above and below the water table.
As compared to piston samplers, open samplers haveThe sample-tube barrel is threaded on both ends and split
advantages due to cheapness, ruggedness, and simplicitgngthwise. When assembled, the two halves are held
of operation. The principal disadvantage of open-drive together by the driving shoe at one end and the head at
samplers include the potential for obtaining the other end. A space is provided in the driving shoe for
nonrepresentative samples because of improper cleaning spring basket-type sample retainer.
of the borehole or collapse of the sides of the borehole.

Split-spoon samplers are commercially available in 50- to

a. Open samplers Various types of pushed or 115-mm (2- to 4-1/2-in.) OD sizes. The 51-mm (2-in.)

driven open samplers are available. The sampling tubeOD by 35-mm (1-3/8-in.) ID split-barrel sampling tube
may be either thick-walled or thin-walled. In most which is used for the SPT gives good representative dis-
instances, split-tube samplers are preferred because thtirbed samples of all soil types except gravel and gravelly
two halves can be separated to observe soil stratificationsoils. Larger sizes of samplers are used to obtain samples
Sample retainers may be required for sampling sand,of material containing gravel or large-volume samples.
gravel, and very soft or friable soils. The type of open- Except for the requirements imposed for the SPT, the
drive sampler which is selected depends upon availabilitysampling spoons can be driven with any convenient
and experience, location and accessibility of borehole, andwveight hammer. Figure 7-8 shows two sizes of split-
the soil to be sampled. spoon samplers and various types of sample retainers.

7-2
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b. Piston samplers Piston-type samplers perform The use of vibratory samplers has made it possible to
satisfactorily in obtaining disturbed samples of most typesobtain inexpensive representative disturbed soil samples to
of soil. By locking the piston at the bottom of the sample depths in excess of 10 m (33 ft) at sites, such as uncon-
tube, piston samplers can also be used as displacemersolidated backswamp deposits, previously considered to be

samplers. Piston samplers are discussed ininaccessible to most drilling and sampling equipment.
paragraph 5-4(2). Figure 7-9 is a photograph of a portable vibratory

sampler. Additional information is presented in para-
7-4. Displacement Samplers graphs 8-2 and 10-5.

The Memphis and the Porter samplers are retractable-plug-6. Percussion Samplers

displacement samplers. With the plug locked at the bot-

tom of the Samp|er, the 5amp|er is driven to the desiredPercussion driIIing, which includes the use of churn or
sampling depth. To sample, the plug is retracted and thecable-tool drills, wireline drills, and hammer drills, such
sampler is driven to obtain the sample. These samplersts the Becker hammer and the eccentric reamer system,
are intended for manual operations in soft soils and aremay be used to advance borings for disturbed sampling in
limited for use to a depth of about 10 m (33 ft). Both hard cohesive soils, cemented sands and gravels, and
samplers have a 32-mm (1-1/4-in.) OD by 25-mm (1-in.) gravelly soils. Samples obtained with a bailer or from the
ID barrel and cutting shoe and are equipped with anreturn wash water in percussion borings are not satisfac-
extension pipe of the same diameter as the barrel. Thdory as disturbed samples because the finer materials will
Porter sampler is fitted with a segmented brass liner con-be suspended in the water. Therefore, drive samplers or
sisting of seven, 150-mm- (6-in.-) long segments. Eachcore barrels are required for obtaining disturbed samples
liner segment is 25-mm (1-in.) OD by 24-mm (15/16-in.) from a borehole advanced by a churn dril.  When the
ID. Caps are provided for sealing the individual segmentsBecker hammer drill is used, disturbed samples may be

of samples after recovery. taken from the return cuttings. However, these samples
are a mixture of all soil materials in the depth interval

7-5. Vibratory Samplers from which the particular sample was obtained.

A variety of large-scale and small-scale vibratory sam- a. Wireline samplers Wireline samplers are similar

plers offers rapid, inexpensive methods of obtaining dis- {0 Other percussion-type hammer samplers except that the
turbed, and usually representative, samples of saturatecgntire sampling assembly, including the hammer, drive
cohesionless materials, i.e., silts and fine sands found in"€ad, and sampling tube, is lowered into the borehole to
barrier islands and deltaic deposits which are often inac-0Ptain the sample. The hammer is activated by a cable
cessible by conventional drilling and sampling equipment. attached to the surface. This type of system is particu-
The principle of operation consists of the application of a larly adapted for deep borings and nearshore drilling
vibrating or oscillating energy to the sampling tube rather Pecause the drill rods do not have to be assembled and
than the application of a brute force, such as by a percusdisassembled each time a sample is obtained. A variety
sion hammer or hydraulic drive. The oscillation of the Of sampling tubes and various hammers have been suc-
sampling tube tends to induce positive pore pressurescessfully.used to obtain representative disturbed sam.ples
which result in a reduction of the effective stresses within Of all soils except those containing large gravel. —Fig-
the material to be sampled. For the hand-operated samure 7-10 illustrates a split-spoon sampler with a New
pler, a small gasoline engine designed for use as aOrleans wireline drive hammer.

concrete vibrator is the power source of the system. A
flexible shaft attaches the motor to the vibrator head
mounted on the sampling tube. A tripod, which consists
of a tripod headplate and legs, is required to support the ) X
sampling tube during sampling operations and to provideare the Becker hammer.d.rlll and the eccentric reamer
a reaction frame for extracting the sampling tube and (ODEX) system. Both drilling systems are patented and

sample from the borehole. The system uses thin-walleg@'® discussed in detail in paragraph 8-3The use of the
aluminum sampling tubes of various lengths and diame_Becker hammer drill as a penetration test is discussed in

ters that are commercially available. Appendix C.

b. Hammer drills Several hammer drills are avail-
able for obtaining disturbed samples of soil and frag-
mented rock. The most widely recognized hammer drills

7-3



EM 1110-1-1906
30 Sep 96

Figure 7-1. Photograph of an Iwan auger

Figure 7-2. Photograph of the Vicksburg solid and hinged barrel-type augers
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Figure 7-3. Photograph of the McCart split barrel-type auger
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Figure 7-4. Photograph of short-flight solid-stem augers

Figure 7-5. Photograph of segments of a continuous-flight solid-stem auger and a
continuous-flight hollow-stem auger
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Chapter 8 discussed in paragraph 83 The use of the Becker ham-
Procedures for Disturbed Soil mer drill as a penetration test is discussed in Appendix C.

Sampling In Borings (1) Augering Augers may be used to obtain dis-

turbed samples of the in-place soil. However, the samples
may not be representative of the in situ formation due to
8-1. Advancing the Borehole the mixing action of the auger. The structure of the soil
may be completely destroyed and the moisture content of
Boreholes for disturbed soil samples may be advanced inindividual soil strata layers encountered may be changed.
the same manner as those procedures used for boreholes
for undisturbed soil Samples. After a vertical leOt hole A |arge number of augers are available. In addition to
has been estab”Shed, if necessary, attach the drill bit Ohandheld augers, such as the Ilwan or pos‘[ho|e type, heli-
auger to the drill rod and lower the string into the bore- cal and tubular augers which are described in Chapter 7,
hole. Attach more drilling rods as necessary. At the machine-driven augers including single- or continuous-
bottom of the borehole, perform drilling operations to flight (spirals) solid-stem or hollow-stem augers, disk
advance the hole to the desired depth After the hole ha%ugerS, and bucket or barrel augers may be used to
been advanced, remove the excess cuttings before the dribgvance boreholes for disturbed samples in the same
String is withdrawn from the borehole. As the drill String manner as described for advancing boreholes for undis-
is withdrawn from the hole, disconnect the sections of rod tyrped samples in paragraph B-1
and lay aside. Repeat until the cutting head is retrieved.
Auger borings are generally used in soils where the bore-
When lowering the equipment into the borehole, count the hgle will remain open, usually above the groundwater
number of rods to determine the depth of the borehole.igple. Below the groundwater table, drilling fluid or
Carefully monitor and record the depth of the hole for use casing may be required to stabilize the borehole. Because
during the sampling operations as the vertical location Ofauger borings typically do not use drilling fluid, the
the Sample is needed. All trips in and out of the borehole augering method may be preferred for dnlhng holes in
should be made without rotation of the drill string. embankment dams; the absence of drilling fluid eliminates
the potential for hydraulic fracturing.
The methods and procedures for cleaning boreholes for
disturbed sampling operations are similar to the proce-paygers operate best in somewhat loose, moderately cohe-
dures for cleaning boreholes for undisturbed samplingsjve, moist soils. In general, the holes are bored without
operations. Boreholes may be cleaned by rotary drilling the addition of water, although the introduction of a small
and augering methods as previously reported in Chapter 6gmount of water may aid in drilling, especially in hard,
Bailers or sand pumps may also be used to clean casegry soils or cohesionless soils. If water is added to the
holes provided that bailing is controlled to prevent the porehole, it should be noted on the boring logs.
disruption of the soil that is to be sampled. A clean, open
hole is essential for obtaining satisfactory samples; distur- (2) Rotary drilling. The method of advancing the
bance of the soil at the sampling depth is not critical horehole by rotary drilling consists of rotation and appli-
unless it results in a nonrepresentative sample. cation of downward pressure on the drill bit or cutting
shoe which is attached to the bottom end of the drill
a. Diameter of the borehole The diameter of the  string. Drilling fluid, such as compressed air or drilling
borehole should be at least 6 mm (1/4 in.) greater than themud, must be used to remove the cuttings from the face
OD of the sampler or casing, if casing is used. of the drill bit and out of the borehole. Bottom discharge
rotary bits are not acceptable for advancing the borehole.
b. Methods of advance Boreholes for disturbed sjde discharge bits may be used with caution. Jetting
samples may be advanced by augering, rotary drilling, through an open-tube sampler to clean out the borehole to
displacement, or churn drilling. Hammer drilling is gain- sampling depth is not permitted. Prior to sampling, the
ing acceptance for drilling in certain soils, such as |gose material from the hole must be removed as carefully
gravelly soils. However, samples are generally not recov-as possible to avoid disturbing the material to be sampled.
ered as a part of the hammer drilling operations. As a rule of thumb, boreholes may be advanced in the

TherEfore, hammer drllllng is not discussed in this Chap— same manner as for undisturbed samp|es which is
ter; equipment and procedures for hammer drilling are
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described in paragraph 6-1; cleaning of the borehole priorsampling apparatus, the sampler is driven or pushed to the
to sampling is discussed in paragraph 6-3. depth to which the sample is to be taken. To sample, the
plug is retracted and the sampling drive is executed. For
Boreholes in soft or loose soils or when the boring is most soils, the disturbance created below the plug or
extended below the groundwater level may be stabilizedsampler is not believed to be sufficient to prevent obtain-
with casing or drilling mud. Procedures and requirementsing a satisfactory disturbed sample.
for casing are similar to those described in para-
graphs 3-d and 6-b. However, only disturbed samples (4) Percussion drilling The churn-drilling method,
shall be taken when the casing is driven in the boreholeswhich is also called cable-tool drilling, is accomplished by
raising and dropping a chisel-shaped bit attached to a
If the casing is driven, the driving hammer is usually 113 heavy weight or drill bar suspended from a steel cable. A
to 181 kg (250 to 400 Ib). Other equipment which is small amount of water is added to the bottom of the bore-
needed includes a driving shoe, a driving guide, and anhole to form a slurry with the loose material which has
assembly to pull the casing. Before the casing is driven,been chopped or dislodged by the bit. When the carrying
a small flat area should be shoveled on the surface of thecapacity of the slurry is reached, the bit is withdrawn and
ground and a short piece of casing should be selectedthe slurry is removed by bailing. More water is then
While the casing is held steady, the cathead or wire drumadded to the borehole, and the drilling and bailing seg-
can be used to lift and drop the hammer to drive the ments of the operation are repeated. In soft or cohesion-
casing. After several sections of casing have been addedgss soils, it is sometimes possible to advance the boring
rotate the casing clockwise. This operation tends to freeby bailing alone, although the material does not constitute
the casing and make it easier to drive. The casing shouldan acceptable sample. When borings in fat clays are
not be driven to a depth greater than the top of the nextadvanced, small amounts of sand may be added to
sample interval. increase the cutting action of the bit. Similarly, clay may
be added to increase the carrying capacity of the slurry
After the casing has been placed, the inside of the casingvhen drilling in coarse, cohesionless sails.
must be cleaned. Wash boring and rotary drilling with
fluid circulation methods are suitable for removing the Casing is generally required for churn drilling and is
material in the casing. If rotary drilling techniques are normally driven with the churn-drill driving mechanism.
used, follow the procedures that are suggested in paraThe borehole is advanced ahead of the casing. If the
graph 6-d. If the wash boring method is used, a water casing is advanced ahead of the borehole, heaving at the
swivel and water hose should be attached to the top of thebottom of the hole may occur. If heaving occurs, water
drill rods and connected to the water pump, and a chop-or drilling fluid may help to stabilize the borehole,
ping bit should be attached to the bottom of drill rods. although the efficiency of the churn drill is dramatically
After the drill rods have been lowered into the casing, decreased. In soft or cohesionless soils, it is often diffi-
circulation of drilling fluid should be started. The drill cult to impossible to advance the borehole ahead of the
string should be raised and dropped by the cathead andasing. Furthermore, the quality of the samples may be
rope method or by the wire drum hoist. The drill string suspect as fines will remain in suspension in the slurry.
should be rotated frequently. The jetting action of the Hence, the slurry should not be considered as representa-
drilling fluid will wash the material out of the casing. tive of the in situ materials.

After the soil in the casing has been removed, the casingContinuous sampling may be obtained by the churn-
should be raised slightly to allow the casing header ordrilling method if the chopping bit is replaced by an
adapter to be removed to permit the sampler to be oper-open-tube sampler and the short-stroke drilling jar, which
ated through the casing. To permit sampling through theis attached between the drill bit and drill rod, is replaced
casing, the ID of the casing must be slightly larger than by a long-stroke fishing jar. The longer jar facilitates the
the OD of the sampler. When a larger diameter casing isdriving of the sampler without imparting an upward
used, the jetting action of the drilling fluid is reduced. motion to the sampler. Although the borehole is
Thus, segregation and alteration of the intended soil sam-advanced by the sampling operation itself, the hole must
ple is minimized. be cleaned by bailing each time the casing is advanced.
Additional information is presented in paragrapht3-3
(3) Displacement methods Displacement samplers
may be used to advance boreholes for disturbed samplesAnother method of advancing the borehole by the percus-
After a plug has been installed in the bottom of the sion technique is hammer drilling, i.e., the Becker
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hammer drill and the eccentric reamer system. Since thethrough the hollow-stem auger, the hollow stem of the
use of these systems does not directly yield soil samplesauger acts as a casing. A discussion of equipment and
a discussion of sampling procedures is not presentecbrocedures for the hollow stem auger sampler is presented
herein. However, discussions of the Becker hammer drillin paragraphs 5<and 6-£, respectively.

and the eccentric reamer system are presented in para-

graph 3-8l; the use of the Becker hammer drill as an in b. Drive samplers Push or drive samplers (para-

situ test is discussed in Appendix C. graph 7-3) may be advanced by pushing, jacking, or driv-
ing with a hammer. If an open-tube sampler is used, the

8-2. Sampling Procedures sampler must be lowered carefully to prevent dislodging

material from the sidewalls of the borehole and filling of
a. Augers When augers (paragraph 7-2) are used asthe sampling tube before it reaches the bottom of the

samplers for disturbed sampling operations, the augerhole. When a piston sampler is used, procedures which
should be carefully lowered to the bottom of the borehole are similar to those described in paragraph a64br
to prevent dislodging material from the sidewalls of the obtaining undisturbed samples should be followed.
hole. After the auger reaches the bottom of the hole, itUnless a sample retainer is used with the drive-sampler
may be advanced by rotation and a slight downward assembly, it may be necessary to allow several minutes to
force. The speeds of advance and rotation should beelapse following the completion of the drive before the
adjusted to obtain maximume-size cuttings in an attempt tosampling tube is withdrawn from the formation. This
preserve the in situ composition of the soil to the greatestdelay will permit adhesion and friction between the sam-
extent possible. The depth of penetration of the augerple and the sampling tube to develop which will help to
should be carefully monitored to allow for an accurate prevent loss of the sample upon withdrawal.
determination of the depth from which the sample is
obtained. c. Displacement samplers Displacement samplers

(paragraph 7-4), i.e., Memphis, Porter, or similar sam-
The method of sampling with flight augers depends uponplers, are assembled with a pointed plug piston fixed at
the type of auger. For single-flight augers, the auger mustthe bottom of the sampler and are driven to a depth corre-
be carefully removed from the borehole prior to sampling. sponding to the top of the intended sample. To sample,
Disturbed samples can be obtained from the cuttings onthe pointed plug is retracted to a sampling position and
the leading edge of the auger, provided that the cuttingsthe sample drive is made. A slight rotation of the piston
are not contaminated with materials from other depths orrod following the sampling operations closes the vents;
segregation has not occurred because of the loss of matethis action helps to prevent sample loss during the with-
rial as the auger is removed from the borehole. Disturbeddrawal of the sampler from the borehole.
or undisturbed samples can be obtained by removing the
auger from the spindle and replacing the equipment with a d. Vibratory samplers To obtain a sample with a
sampling device such as a split-spoon or thin-walled sam-vibratory sampler (paragraph 7-5), a sharpened, thin-
pler. If this method is used, the depth should be carefully walled tube as long as 10 m (33 ft) or more is vibrated at
checked to ensure that material has not ravelled from thea frequency of approximately 2 cycles/second (120 Hz).
walls of the borehole or fallen from the auger as it was A slight downward pressure which can be applied by
withdrawn from the hole. hand is usually sufficient to cause a fairly rapid penetra-

tion of the sampling tube. At the completion of the drive,
For continuous-flight augers, soil can be sampled at thean expandable packer may be placed in the top of the
top of the flights of the auger, although sampling by this tube to aid in sample recovery. A block and tackle
method is not a good practice because soil from differentattached to a guide frame can be used to extract the sam-
depths may be mixed. If a solid-stem auger is used, theple and tube from the borehole.
auger must be removed from the borehole before a sam-
pling device can be used to obtain disturbed or undis-Before the sampling drive is initiated, the sampling tube
turbed samples. Procedures are similar to those requiredhould be oriented vertically. Verticality should be main-
for sampling with the single-flight auger. If the hollow- tained during the drive to facilitate the sample withdrawal
stem auger is used, the borehole can be advanced to thi'om the borehole. If extracting the sample tube is diffi-
desired depth, the center plug can be removed, and sameult, a few cycles of vibration may be applied to reduce
pling can be conducted by lowering a wireline sampler or the friction and adhesion between the walls of the bore-
some other suitable sampler through the hollow stem ofhole and sampling tube. However, excessive vibrations
the auger to the bottom of the borehole. When sampling
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should not be applied as the sample may fall from the soil samples should be protected from temperature
tube. extremes during shipment and storage. Additional guid-
ance for preservation and shipment of samples is provided
The sample may be extruded, examined, and logged in then Chapter 13 and ASTM D 4220-83 (ASTM 1993).
field or may be sealed and shipped to the laboratory for
testing. If a field examination is conducted, the sample a. Containers If the water content of the sample is
may be extruded by vibrating the slightly inclined sam- to be preserved, the sample should be sealed in a glass jar
pling tube while simultaneously sliding a half section tray or other suitable container. Large-volume representative
under the sharpened edge of the tube. Provided that theamples may be placed in tightly woven cloth bags and
core trough is moved at the appropriate rate, a continuoudied securely to prevent contamination and loss of sample.
core may be observed. If the core is to be preserved inlf samples are to be stored for an extended time, the soil
the sampling tube, the tube should be cut into segmentshould be placed in plastic-lined cloth bags as soil mois-
abou 1 m (3 ft) long to facilitate handling. The ends of ture will cause the cloth bags to deteriorate. In general,
each segment should be sealed to preserve the in sitinetal containers should not be used if samples are to be
moisture content and stratification of the soil sample, asstored, as the container will tend to rust or corrode and
required by the project. Segments should be identifiedmay contaminate the sample.
and boring logs updated.
b. Sealing Samples for water content determination
e. Percussion samplersPercussion samplers (para- must be sealed to prevent changes of soil moisture. If
graph 7-6) include wireline samplers which are driven by glass jars are used, the gasket and the sealing edge of the
a sliding-weight hammer or long, weighted drilling or container must be clean to ensure a good seal.
fishing jars. The wireline sampler and driving mechanism
are lowered to the bottom of the hole, and the wireline is c. ldentification All soil samples must be properly
marked for length of intended drive. The driving mecha- marked to accurately identify the origin of the sample. A
nism is then raised and lowered by cable action in strokescompleted ENG Form 1742 and/or 1743 (see Figure 13-1)
slightly less than the total stroke of the hammer. When should be securely fastened to each sample. A second tag
the drive is completed, the total assembly is removedshould be placed in a waterproof envelope inside the
from the borehole by the wireline. If the sampler sample bag; this tag will aid in sample identification in
becomes stuck in the soil, it can be driven upward usingcase the outer tag is lost. All markings should be made
the hammer-drive mechanism to extract it from the with waterproof, nonfading ink.
formation.
d. Packing for shipment In general, disturbed sam-
8-3. Boring and Sampling Records ples do not require special shipping precautions. How-
ever, the sample containers should be protected from
All pertinent borehole and sample data must be recordedoreakage and exposure to excessive moisture which may
in a boring log. Clear and accurate data are required tocause deterioration of the labels and/or cloth bags. Glass
describe the soil profile and sample locations. Informa- jars usually can be packed in the cartons furnished by the
tion and observations which may aid in estimating the manufacturer. |If the transportation requires considerable
condition of the samples and the physical properties of thehandling, the cartons should be placed in wooden boxes.
in situ soil should be recorded. The log of a disturbed Double bags should be used if the bag samples are
sample boring should contain all applicable information as expected to receive considerable handling.
discussed in Chapter 13 and in paragraph 6-6 for undis-

turbed samples. e. Methods of shipment The most satisfactory
method of sample shipment is in a vehicle that can be
8-4. Preservation and Shipment of Samples loaded at the exploration site and driven directly to the

testing laboratory. This method helps to minimize sample
Disturbed samples should be handled and preserved tdandling and allows the responsibility of transporting the
prevent contamination by foreign material and to ensuresamples to be delegated to one person. Samples shipped
that the in situ water content is preserved, if necessary.by commercial transportation companies require special
Each specimen should be representative of the in situ soibacking or crating, special markings, and instructions to
at the depth from which the sample was taken. Stratifica-ensure careful handling and minimum exposure to exces-
tion should be preserved, if possible. For specific cases,sive heat, cold, or moisture.
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Chapter 9 prior to testing if a slight amount of thawing occurred
Sampling Frozen Soils during the sampling and handling processes. Furthermore,

the larger diameter samples would be less fragile than the
smaller diameter samples and therefore would be less
likely to be broken during the sampling and handling
processes. Related information is presented in Appen-
dix D: “Artificial Ground Freezing for Undisturbed Sam-
pling of Cohesionless Soils.”

9-1. Introduction

Drilling and sampling in frozen ground is somewhat
similar to performing the same operations in rock.

Sellman and Brockett (1987) reported experiences ofywith respect to the strength of frozen soil, the strength

drilling in a range of geotechnical materials. For finer 14 tend to increase as the temperature was decreased
grained materials, such as silt, clay, organic material, andy o5 the ice content was increased. With other factors
ice, at a few degrees below freezing, they reported thatyg|q constant, the torsional strength of a sample would

the materials were ductile and tough and needed to be Cufycrease as the diameter of the sample was increased. As
like plastic or mgtal. They also reportgd that unfrozen compared to driling and sampling unfrozen soils and
water was sometimes present at the grain boundaries. A$qcks; the time required to complete each borehole would
the in situ temperature decreased, the materials becamge governed by material type, equipment condition, profi-
stronger and more brittle and drilled like chemically ciency of the operator, core retrieval efficiency, etc.
cemented or crystalline rock. For coarser-grained frozenGood coring practices and procedures should be followed,

soils, such as coarse sands and gravels, Sellman anfhyargiess of whether the material is sampled in a frozen
Brockett reported that drilling was similar to drilling in "2 nfrozen state.

concrete. Likewise, the U.S. Army Corps of Engineers,
Kansas City District (1986) reported that drillers had 9-2. Drilling Equipment
described drilling in frozen sand as “much like drilling7 '

sandstone.” The principal decisions for drilling and sampling in frozen
soils include the selection of suitable drilling equipment, a
Sellman and Brockett (1987) reported that much of the method of advancing and stabilizing the borehole, drilling
off-the-shelf drilling equipment could be used for drilling fluid, and a refrigeration unit to cool the drilling fluid and
frozen soils. Diamond or tungsten drill bits with only drill string to a temperature equivalent to or slightly less
minor modifications to the drill rig, fluid circulating sys- than the temperature of the in situ formation. The drill
tem, and drilling tools could be used. However, they bit and the refrigeration unit are probably the two pieces
warned that some drill bits did not perform as well in of equipment which will have the greatest influence on
frozen soils as in unfrozen soils. As rule of thumb, Sell- the success of drilling operations in frozen ground. A
man and Brockett suggested that if the bit performed well discussion of the equipment follows.
in frozen soll, it would also perform well in unfrozen soil;
however, the reverse condition was not always true. a. Drill bit. When the drill bit is selected, a number
of factors regarding its design should be considered. The
The equipment and procedures for drilling frozen soils drill bit should be designed to resist impact loading on the
include the use of a drill bit suited to drilling the frozen cutting teeth and the abrasive action of the soil cuttings
soil, equipment to chill the drilling fluid to a temperature on the teeth and matrix of the bit. It should be designed
which is equivalent to or slightly less than the temperature for full face cutting. If a full cut design is not utilized,
of the frozen formation, equipment for transport and stor- the uncut ribs of frozen soil will rub against the bit body
age of the frozen samples, and perhaps, equipment t@nd slow the drilling process. Penetration of the bit
obtain samples which are slightly larger in diameter than beyond the uncut ribs can be accomplished only by fric-
conventional unfrozen samples. For example, larger fluidtional melting and abrasion of the uncut ribs. The flow
ports in the drill bit may be needed to permit the ice paths for the cuttings should not be obstructed. Drilling
cuttings to be transported without clogging the bit. If in frozen soils may cause the cuttings to stick together
drilling fluid is used, it should be cooled to the in situ and refreeze. These cuttings could plug the flow paths
temperature to minimize the thermal shock to the forma- for the drilling fluid and render it ineffective for transport-
tion. Lange (1963) suggested that the temperature of thang the cuttings to the surface. If an obstruction of the
drilling fluid should be within +1 deg C (+2 deg F) of the flow paths occurred, cuttings could collect in the annulus
in situ temperature of the formation. Oversized samplesabove the drill bit or on the walls of the borehole and
would permit the periphery of the sample to be trimmed cause the bit to become lodged in the borehole.
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(1) Cutting teeth The drilling characteristics of The sharpness of the cutting tooth determines the effi-
frozen soils vary according to grain size, ice content, andciency of the drill bit. A measure of the overall sharpness
temperature of the material. In general, the material tendsof the wedge is expressed as the included angle, This
to become stronger and more brittle as the temperatureangle is usually fixed. It must be large enough to resist
becomes colder, although the frozen strength is usuallybreakage and hold a sharp edge. Typically, 30 to 40 deg
much less than the strength of chemically cemented rockis reasonable for drilling most hard materials.
or crystalline rock. Under the action of the drill bit, the
frozen material tends to crack and crumble. The charac-The relief angle, £ is the slope of the underside of the
teristics of bits for drilling in frozen sediments are fre- tooth. It is measured from horizontal and is automatically
qguently not found in commercial bits which have been determined for a specific cutting tooth when the rake
designed for use in unfrozen soils and rocks. Frequently,angle is specified. The relief angle governs the rate of
excessive thrust and torque are used. As a result, poopenetration for any specific rotation speed.
cores are produced, poor drilling rates are experienced,
and excessive wear on equipment often occurs. ForThe rake angle, Ror the relief angle,  may be defined
frozen, coarse sands and gravels, diamond drill bits haveas apparent angles or as actual angles, depending on the
been used with limited success, provided that the matrixreference criteria. Apparent angles are defined with refer-
or ice is frozen solidly. However, diamond bits are not ence to the axis of the drill and are constant, regardless of
well suited to drilling frozen fine-grained soils and ice at the drilling conditions. Actual angles are defined with
a few degrees below freezing. Likewise, percussion andreference to the helical penetration path. Actual angles
roller rock bits are generally ineffective. The cutter teeth vary with the drilling conditions, including the penetration
on most commercially available drag bits do not cut the rate, rotation speed, and the radius of the boring head.
whole face but merely dig furrows in the frozen material.

This problem occurs because there is no overbreak of theThe apparent relief angle governs the rate of penetration.
material and the drill bits have not been designed toWhen the actual relief angle is reduced to zero, i.e., the
ensure a full coverage of the surface being drilled by the helical angle of the penetration path is equal to the appar-
cutter teeth. ent relief angle, the rate of penetration reaches a maxi-
mum value. Hence, the maximum penetration rate for a
Chisel-edge, wedge-shaped, finger-style cutters, such agiven bit design and a specific rotation speed can be
the Hawthorne bit for drilling or sawtooth bits for coring, calculated. Likewise, the minimum apparent relief angle
work well in fine-grained frozen soils, provided there is for any position on the cutting head can be calculated if
overlap of the cutting surfaces. Teeth made of tungstenthe desired penetration rate and the rotation speed are
carbide provide a durable cutting surface. The grade ofgiven. From a practical standpoint however, the effi-
carbon in the tungsten carbide bit should be chosen tociency of the cutting action near the center of the bit is
optimize abrasion resistance and impact resistance of theelatively low because the penetration rate is high as
cutting teeth. This finger-style cutter is advantageouscompared to the rotation speed. Thus, the center of the
because the individual fingers can be easily sharpened obit may either be fitted with a sharp spear point that
rapidly replaced. When a finger-style bit is used, the indents and reams the center of the borehole or an annu-
shape and orientation of the cutting wedges influence thelus that cores a small-diameter core. If the latter method
efficiency and stability of the bit. The internal angle of is used, the core tends to shear when the length to diame-
the wedge and the angle at which it is attached to the drillter becomes excessive.
bit determine its orientation. Figure 9-1 may aid the
discussion of the shape and orientation of the cuttingThe cutting wedges can also be designed for a specific
tooth. direction of cutting. For oblique cutting, the cutting edge
aids in the lateral transport of soil cuttings. During ortho-
The rake anglef,, is the most important angle of the gonal cutting, the cutting edge travels at right angles to
cutting tooth. It is the slope of the front face of the the tangential travel direction. The direction of cutting is
advancing wedge and is measured from vertical. As theimportant for removal of cuttings from the face of the bit.
positive rake is increased, cutting becomes easier. If theThe direction of cutting, along with the location of fluid
rake angle is zero, the drill cannot penetrate the formationports, should be considered when a finger-type bit is
easily. With a negative rake, thrust and torque must bedesigned or selected.
increased to advance the borehole. Additionally, a nega-
tive rake could tend to cause the drill bit or drill rods to Each cutting tooth should be designed for a specific loca-
unscrew if reverse rotation is used to free a lodged bit.  tion on the bit. For example, the relief angle, rake angle,
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and orientation of a cutting tooth located near the centerauger (Ueda, Sellman, and Abele 1975) is discussed
of the bit may be much different than the comparable below.
placement of a cutting tooth located near the edge of the
bit. It should also be noted that although a drill bit may The original coring auger, known as the CRREL 3-in.
be designed and/or selected for a specific drilling opera-(76-mm) coring auger, was the standard tool for shallow
tion or condition, wearing on the underside of the tool by depth coring in frozen materials for three decades. The
the action of the cuttings may affect the efficiency of the auger consisted of a section of tubing wrapped with auger
drill bit. Periodic inspections of the drill bit and cutting flights. A cutting shoe was affixed to one end of the
surfaces should be made, and repairs or replacement ofiollow tube, and a drive head was attached to the other
the cutting teeth or drill bit should be made as necessary. end. The overall length of the barrel with the cutting
shoe and driving head attached was approximately 1.0 m
(2) Stability of the drill bit The lack of stability can (3.3 ft). The cutting shoe was equipped with two chisel-
cause vibrations and shuddering of the drill string. Theseedged cutting teeth. The chisel-shaped teeth were
factors, in turn, make drilling a straight hole difficult. designed with a 30-deg rake angle, a 40-deg included
The stability and smooth rotation of the drill bit is influ- angle, and a 20-deg relief angle. Elevating screws which
enced by a number of variables which include the symme-were attached to the cutting shoe were used to control the
try of the cutter placement, the number of cutters, the effective relief angle. Cuttings were fed onto two helical
stability of drive unit, and the diameter of the borehole as auger flights. The pitch of the auger flights was 20 cm
compared to the bit body or auger diameter. A step con-(8 in.) and the helix angle was 30 deg. During the coring
figuration of the cutting teeth, as illustrated in Figure 9-2, operations, the cuttings were carried upward on the auger
tends to stabilize the bit in the borehole as well as flights and allowed to pass through holes in the hollow
enhancing its cutting efficiency. tube and to accumulate above the core. Cuttings were not
permitted to accumulate above the drive head because of
b. Augers All of the basic driling operations, the tendency to jam the sampling apparatus in the bore-
including penetration, material removal, and wall stabili- hole. The cuttings which had accumulated above the core
zation, are satisfied when drilling with augers. Further- wedged between the core and the barrel wall during the
more, a minimum amount of hardware and equipment issampling operation; this action helped to retain the sample
required. The principal disadvantage of an auger for drill- in the coring auger. Unfortunately, it is also believed that
ing and sampling in frozen formations is that the ambient the material that had been wedged between the core and
air temperature must be lower than -2 to -4 deg C (26 tothe walls of the tube also applied torque to the core which
28 deg F). |If higher air temperatures are encountered,caused the core to break into short lengths.
heat from the warm air will be transferred down the stem
of the auger. Furthermore, heat is created as a result offhe Rand auger, which replaced the CRREL coring auger,
friction between the soil and auger. The effect could was designed to obtain a core approximately 108 mm
include thawing of the pore water and deterioration of (4-1/4 in.) in diameter by 1.4 m (4.6 ft) in length. The
cores and walls of the borehole. cutting shoe was equipped with two chisel-edged cutting
teeth which were affixed onto 45-deg helical slots. The
Bucket augers or hollow-stem or solid-stem augers can beeeth were designed with a 45-deg rake angle, a 30-deg
used. With bucket augers or short-flight augers, the bore-included angle, and a 15-deg relief angle. Elevating
hole can be advanced by lowering the auger in the holescrews were used to control the effective relief angle.
and rotating. After the bucket or auger flights are filled Cuttings were fed onto two helical-auger flights. The
with cuttings, the auger is withdrawn from the borehole to pitch of the flights was 20 cm (8 in.) and helix angle was
remove the cuttings. The auger also must be removed5 deg. In addition to the minor changes to the Rand
from the borehole before a core can be obtained. If aauger as compared to the CRREL coring auger, the signif-
continuous-flight auger is used, the cuttings are carried toicant modifications to the coring auger need to be
the surface on the auger flights. With the hollow-stem addressed. First, holes were no longer placed in the walls
auger, a sample can be obtained by lowering a speciallyof the hollow tube. The cuttings are carried on the auger
designed core barrel through the hollow stem to obtain aflights to the top of the drive head. For the standard
sample of soil, rock, or ice or by using the auger to cut a Rand auger, the drive cap is not solid and some cuttings
core of material. Sampling through a hollow-stem auger may fall into the hollow tube and onto the top of the core.
is discussed in Chapters 5 and 6. A brief description of However, a solid drive cap can be used, if desired. To
the U.S. Army Engineer Cold Regions Research andretain the core in the sample tube, the cutting shoe was
Engineering Laboratory (CRREL) hollow-stem coring fitted with spring-loaded wedges which clamped onto the
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periphery of the sample after the drive was completed.result, the pore ice in the core and the walls of the bore-
This clamping action helped to shear the core from thehole may begin to deteriorate during the drilling process.
formation and retain it in the tube as the auger was Other disadvantages include: a large quantity of diesel
removed from the borehole. For deep coring drives, afuel is needed; protective clothing and gloves should be
section of solid-stem flight auger can be attached to theused; and the potential for fire is increased.
top of the coring auger to retain the cuttings. The addi-
tion of auger flights to the top of the coring auger helps (b) Water-based fluids Water-based drilling fluids,
to reduce the potential for jamming the apparatus in thesuch as mixtures of two to four percent by weight of salt
borehole during retraction from a deep drive. To stabilize to water (Hvorslev and Goode 1960) or two parts of water
the drill rod on long coring runs, centering disks can be to one part of propylene glycol or ethylene glycol, by
used on the drill rod at 1-0t2 m (3- to 6 ft) intervals. volume (U.S. Army Corps of Engineers, Kansas City
District 1986), offer many of the same advantages and
c. Dirilling fluids, fluid pumps, and refrigeration disadvantages of using diesel fuel. Water-based drilling
units fluids reduce the vibrations and mechanical shocks to the
formation caused by the drilling operations as well as
(1) Drilling fluids. The circulation of drilling fluid at ~ stabilize and balance the in situ stresses in the borehole.
an acceptable temperature, adequate pressure, and rate biquid drilling fluids are much more efficient than com-
flow is extremely important when drilling frozen soils. If pressed air for cooling the bit and transporting the cut-
the temperature of the drilling fluid or equipment is tings away from the drill bit and to the ground surface.
higher than the temperature of the formation, pore ice However, there is the ever present possibility that the core
could begin to melt. If cuttings are produced more may be contaminated by the drilling fluid which may alter
rapidly than they are removed, they may be reground bythe temperature required to keep the pore water frozen.
the bit. This condition would tend to slow the drilling As in the case for diesel fuel, the pore ice in the core and
rate. Cuttings which are not efficiently removed from the on the walls of the boring could thaw and cause deteriora-
borehole tend to stick together or to the walls of the bore-tion of the structure. Protective clothing, gloves, and
hole and refreeze. As a result, the drilling equipment other safety items should be worn because of the potential
could become lodged in the borehole. health concerns caused by the exposure of the skin and
other organs to concentrations of salt or other chemicals
A variety of chilled fluids have been used in the drilling in the drilling fluid.
of frozen soils, including diesel fuel, water-based fluids
such as brine and mixtures of propylene glycol or ethyl- (c) Compressed air Compressed air does not
ene glycol and water, and compressed air. Although aexchange heat as efficiently, nor is it as effective for
comprehensive discussion of commonly used drilling removing cuttings from the borehole as liquid drilling
fluids for soils and rocks is presented in Chapter 4, a fewfluids. However, the use of compressed air for drilling
comments on the use of chilled drilling fluids are needed. frozen formations is environmentally more acceptable than
are the other liquid drilling fluids. When drilling frozen
(a) Diesel fuel A liquid drilling fluid is more vis- formations including ice-saturated fine-grained soils and
cous than air. This characteristic tends to dampenice, the requirements of chilled compressed air may be
mechanical shocks and vibrations which are caused by thesomewhat different than for drilling frozen or unfrozen
action of the bit and core barrel to the core or formation. coarse-grained materials. When frozen formations are
When a liquid as compared to compressed air is used aglrilled, the temperature and the flow rate or return
the drilling fluid, the pressure at the bottom of the bore- velocity of the compressed air should be monitored and
hole is not abruptly altered when drilling is ceased. Fur- adjusted as necessary. The temperature of compressed air
thermore, the hydrostatic head at the bottom of themay increase because of friction as it is pumped through
borehole is similar to the in situ condition. the drill string and returned to the surface. The tempera-
ture of the return air should be slightly lower than the
Arctic-grade diesel fuel may be the best drilling fluid used temperature of the formation being drilled. The required
to drill frozen soils, rocks, and ice. Unfortunately, diesel upward annular velocity is a function of the size of the
fuel is not an environmentally acceptable drilling fluid. cuttings, the drill bit, and the formation and should be
Diesel fuel tends to contaminate the core. It may alsoadjusted as necessary. For example, Lange (1973a)
change the freezing point of water in the soil pores. As areported that compressed air delivered at 600 standard
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cubic feet per minute (scfrh)at 110 psi was satisfactory (3) Refrigeration units During drilling operations,
for drilling frozen gravel. From the data which were heat is generated by the mechanical cutting of the frozen
given in Lange’s report, the upward annular velocity was formation. Other sources of internal and external heat
calculated as 20 m/sec (4,000 ft/min). Diamond impreg- energies include the ambient air temperature and the fric-
nated and surface-set diamond bits were used. For drill-tional heating of the drilling fluid as it is compressed
ing ice, Lange (1973b) reported that an uphole velocity of and/or pumped through the drill system. To minimize the
8 m/sec (1,500 ft/min) was satisfactory. Finger-type ice thermal disturbance of the borehole wall and core, the
coring bits were used. From this information, it is appar- drilling fluid, albeit liquid or gas, must be continually
ent that there is no “cookbook” answer on the correct cooled. This cooling can be accomplished by circulating
flow rate for drilling with air. Depending on the drilling the drilling fluid through a chiller attached parallel to the
conditions, materials, and equipment, a range of com-coolant system of a refrigerator plant.

pressed air requirements could be required. It is sug-

gested that a range of flow rates should be investigatedThere are no unique designs of a refrigerator plant. Gen-

and the optimum condition should be utilized. erally speaking, the design of the refrigeration system can
be obtained from data from compressor manufacturers
(2) Fluid pumps and air compressors handbooks, although the assistance of an engineer or

technician from a refrigeration company may enhance the
(2) Fluid pumps A progressive cavity-type pump or cost-effectiveness of the design of the system. The

a positive displacement piston pump can be used forrequirements for the system will vary according to the
circulating a liquid drilling fluid. Precautions should specific site conditions. Factors such as the type of drill-
include a routine inspection of the circulation system for ing fluid, the temperature of the subsurface material, and
accumulation of cuttings. If excessive cuttings are cycledthe ambient air temperature may affect the design of the
through the system or accumulate along the baffles of thesystem. The cooling capacity of the refrigerator plant
mud pit, the length of travel of the mud may have to be should be compatible with the flow rate and pressure of
increased to allow sufficient time for the cuttings to settle drilling fluid as dictated by the drilling rig and the drilling
before the drilling mud is recycled. The use of desandersfluid pump.
should also be considered.

The refrigeration system generally consists of a freon

(b) Air compressors The air compressor must have compressor which is used to chill a fluid, such as ethylene

adequate capacity to obtain a sufficient uphole velocity to glycol. The drilling fluid is circulated through a heat
carry the cuttings to the surface. In Chapter 4, it was exchanger to cool it. If compressed air is used, the heat
reported that the effective use of air as a drilling fluid exchanger may be similar to the radiator on an automobile
required a high volume of air to efficiently remove the or may consist of chilling coils in a pressure vessel. If a
cuttings from the borehole. High pressure alone would liquid drilling fluid is used, chilled ethylene glycol may
not assure a sufficient volume of air. Furthermore, exces-be pumped through chilling coils in the mud pit or
sively high air pressure could damage the formation orthrough chilling coils in a pressure vessel. When the heat
cause other drilling problems. An uphole velocity on the exchanger system is selected, consideration should be
order of 20 to 25 m/sec (4,000 to 5,000 ft/min) was sug- given to the method for defrosting the system, especially
gested for many drilling conditions. As a matter of pre- when the drilling and sampling operations are conducted
caution when frozen formations are drilled with air, a in a humid environment in which the ambient tempera-
routine inspection of the core barrel and bit should be tures are anticipated to be greater than approximately
conducted for constrictions of airflow, such as frozen -7 deg C (20 deg F). Lange (1973b) reported that it was
cuttings collecting at these orifices. A sludge barrel more difficult to defrost a liquid to compressed air heat
should also be used to collect particles which are tooexchanger than to defrost an air to air heat exchanger.
heavy to be lifted by the flow of compressed air or if the Consequently, the type of heat exchanger and the ease of
air pressure suddenly failed. defrosting it could influence the selection of the refrigera-

tion system and/or the drilling fluid.

! The McGraw-Hill Encyclopedia of Science and Tech- ma dr.e ?Jtifr]:ro;cg;lgm:cr;gl D:!'g;g ('; érolfierr:]efﬁzmeg'%rl_srin
nology (McGraw-Hill, Inc. 1992) states that standard air is y req PS piece quip - =P 9
or basket-type core lifters will likely retain core satisfac-

20 deg C (68 deg F), 101.3 kPa (14.7 psi), and 36 percenttorily for most sampling operations. For deep boreholes,

relative humidity; gas industries usually consider an air : .
temperature of 15.6 deg C (60 deg F) as standard. a drill collar (Lange, 1973b) may be used to shift the
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point of tension and compression in the drill string; the those which are suggested in Chapter 6. However, as
use of this equipment will reduce the downward pressurewith any drilling or sampling procedures, the driller may
on the formation. Rod stabilizers (Brockett and Lawson modify the recommended procedures as required to
1985) are useful for minimizing the potential for eccentric enhance the drilling and sampling operations for the par-
drilling which can cause oval boreholes or cores. Sludgeticular site conditions.

barrels can be placed above the core barrel when drilling

with compressed air. This equipment is useful for captur- (2) Rotary drilling. Rotary drilling in frozen soils is

ing particles which are too heavy to be lifted by air pres- not much different from the procedures and operations
sure; it can also be used to capture the cuttings suspendedthich are reported in Chapters 6 and 8 for drilling
in the borehole in case the air compressor suddenly failedunfrozen soils. In addition to the requirement for keeping
Additionally, the sludge barrel would minimize the poten- the formation frozen by using chilled drilling fluid and
tial for cuttings falling on top of the drill bit and refreez- drilling equipment, the primary differences for drilling in
ing and/or wedging it in the borehole. It is noteworthy frozen soils as compared to unfrozen soils include the use
that a sludge barrel is often affixed to the top of an augerof a slush pit with more baffles to allow sufficient time
specifically to capture the cuttings. Lastly, it may be for the cuttings to settle, additives to adjust the viscosity
necessary to artificially freeze an in situ formation of and specific gravity of drilling fluid, and in some cases,
cohesionless soils to obtain high quality undisturbed sam-the use of casing for near surface conditions when peat or
ples. Special equipment and recommended procedures ttarge volumes of unfrozen water are encountered. Other
artificially freeze an in situ formation are discussed in factors which must be considered include the ambient air

Appendix D. temperature and the weather conditions, the in situ forma-
tion temperatures, and the effects of thawing on the
9-3. Drilling and Sampling in Frozen Soil and Ice behavior of the material.

The procedures for drilling and sampling in frozen ground In general, rapid penetration at high rates of revolution of
are similar to the procedures which are used for unfrozenthe bit with low pressures and low volumes of fluid circu-
ground that are reported in Chapter 6. The principal lation is recommended for most soils. Experience has
differences include selecting the drilling equipment and shown that slower rates of penetration have resulted in
drilling fluids, chilling the fluid and equipment, removing increased erosion and thawing of the walls of the borehole
the cuttings from the borehole, and providing freezers orbecause of the drilling fluid. The type of drilling fluid
some other suitable method for storage of the frozen corealso needs careful consideration. Chilled air cannot
A suggested procedure is presented in the following remove frictional heat from the drill bit as efficiently as
paragraphs. liquid drilling fluids. Chilled brine, ethylene glycol, or
diesel fuel may be environmentally unacceptable. These
Casing may be used to stabilize unfrozen soil or water atdrilling fluids may also change the freezing point of water
the earth’s surface or as a casing collar in frozen soil. Toin the soil pores and thus cause thawing of the formation.
set the casing in frozen soil, drill a pilot hole about 1 m When casing is needed, the liquid drilling fluids may be
(3 ft) deep with a suitable drill bit. Place a 1.5 m (5 ft) undesirable because of the need to freeze the zone
long section of casing in the borehole, drive the casing tobetween the casing and soil.
firm frozen soil, and then remove the soil from inside the
casing. After the casing has been set, place the slush piFinger-type tungsten drag bits have been used for advanc-
over the borehole, align the collar of the slush pit with the ing boreholes in frozen formations. In general, the results
casing, and place packing in the joint between the casingwere good except the cuttings tended to collect in the
and the collar of the slush pit. If unfrozen soil or water borehole and thus inhibited the cooling effects of the
are encountered, the procedures for setting casing aralrilling fluid. Ice-rich silt and ice-rich sand were easily
similar to the procedures for setting casing in frozen soil. drilled and cored, although sand tended to dull the cutting
However, the depth to stable soil, and hence the depth asurfaces more rapidly than silt. Ice-poor sand was easier
which the casing must be placed, may be much greateito core than ice-poor silt or ice-poor clay. Dry frozen silt

than the depth required for frozen soil. or silty clay was fairly difficult to drill as the cuttings
tended to ball and refreeze on the walls of the borehole.
a. Advancing the borehole. The result was sticking and freezing of the bhit or core

barrel when its rotation was stopped. Gravelly soils tend
(1) Augering The procedures for using augers to ed to damage the carbide cutting tips. When ice forma-
advance boreholes in frozen soil or ice are similar to tions are drilled, the downward pressure of the drill bit
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must be minimized. The reduction of pressure on the Chapters 5 through 8 for sampling unfrozen soils. Stan-
drill bit can be accomplished by the use of a drill collar dard double-tube core barrels equipped with tungsten
which shifts the point of tension and compression in the coring bits and basket-type or split-ring core lifters have
drill string. been used for sampling frozen cohesive and cohesionless
soils.
b. Sampling
9-4. Special Considerations
(1) Sampling with Augers If sampling is conducted
in conjunction with augering, the procedures will be dic- A number of considerations are noteworthy when drilling
tated by the type of samples to be obtained. Disturbedoperations are conducted in frozen formations. However,
samples cannot be obtained from the cuttings which havethe two most important considerations are the selection of
been carried to the surface by the auger flights; thesethe drilling fluid and the drill bit. A brief discussion
cuttings may be mixed with materials from various depths follows.
and therefore may not be representative of the forma-
tion(s) of interest. Cores of frozen material can be The type of drilling fluid should be selected after the
obtained by the hollow-stem auger sampler, as describedenefits and limitations of each are considered. At high
in paragraphs 5d and 6-4&, or the center bit can be ambient temperatures, compressed air will not cool the
removed and the barrel of the hollow-stem auger can bedrilling equipment sufficiently. As a result, the in situ
used as casing for sampling with core barrel samplers. Itformations may tend to thaw. At ambient temperatures
should be noted that the hollow-stem auger could freezeless than about -4 deg C (25 deg F), compressed air
in the borehole during the sampling operations. There-works well although the defrosting problems for chilling
fore, this method should be used cautiously. air by mechanical refrigeration is difficult. Liquid drilling
fluids, such as diesel fuel, ethylene glycol, and brines,
The coring run consists of augering the barrel into the have a greater capacity for heat exchange than com-
formation until it is filled with cuttings and core. During pressed air. However, these fluids may tend to alter the
this operation, the depth of penetration should be moni-freezing point of the in situ material as well as contami-
tored as an excessive drive will damage the core. How-nate the formation and the sample cores. Furthermore,
ever, it has been reported that when ice is cored, cuttingghe liquid drilling fluids may have an adverse effect on
were purposely wedged between the core and core barrethe drilling equipment, i.e., the salt in a brine tends to
This action enhanced the breaking of the ice core at itsdeteriorate drilling equipment, or diesel fuel may dissolve
base and recovering the sample. This procedure is noor dilute the grease used to lubricate the drilling
recommended for soil sampling operations. equipment.

Several precautions for sample coring with augers areThe drill bits and rate of advancement should be selected
offered. All trips up and down the borehole should be according to the material in the formation. The drill bit
made without rotation. Select the proper bit for the for- should employ full-face cutting of the formation. Uncut
mation to be drilled. Bits which are improperly matched ribs rub against the bit body and slow drilling and/or stop
with the formation may result in coarse cuttings which penetration. If the cutting surfaces of the bit are incor-
would tend to collect on the top of the core barrel. Dur- rectly positioned, an irregular and scored surface of the
ing withdrawal, the cuttings would compact and could core may result. If the rate of penetration is too aggres-
cause the device to jam in the borehole. If the device sive, the core may break or the fluid ports in the drill bit
becomes frozen in the borehole, the freezing point of theor core barrel may become clogged frequently. If the rate
pore water in the cuttings must be lowered to free the of drilling is too slow or if the cutting of the bit is inef-
apparatus. Cuttings can be thawed by brine solutions,fective, small chips or frictional melting and refreezing of
antifreeze solutions, or jetting air past the cuttings. How- the core could occur. The stability and smooth running of
ever, these operations may also cause the walls of thahe drill bit is influenced by symmetry of cutter place-
borehole to thaw. ment, the number of cutters, the stability of drive unit,
and the diameter of the borehole as compared to the bit
(2) Sampling with core barrel samplersThe equip-  body or auger diameter. The lack of stability can cause
ment and procedures for sampling frozen soils are similarvibrations and shuddering of the drill string which would
to the equipment and operations which are reported inmake the drilling of straight holes difficult to impossible.
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Chapter 10 10-2. Underwater Sediment Types

Underwater Sampling of Soils _ _ _

The selection of appropriate equipment for underwater

sampling depends on the type of sediment to be sampled.
Because some samplers cannot be used to retrieve a high-
quality sample, or in some cases, any sample in certain

) o , . .. types of materials, it is important to know beforehand the
This chapter is intended to provide guidance for obtaining types of sediments most likely to be encountered at the

soil samples in the nearshore environment, such as harg;;q

bors, rivers, coastal plains, backswamps, and wetlands

where the depth of water varies from 0 t0 45 m (0 10 \jarine sediments can be classified according to several
150 ft), and is generally less than 20 m (65 ft). Sampling criteria (Noorany 1989). In the nearshore environment,
in deep water is not addressed herein.  This guidance iSyarine sediments are classified according to their origin.
intended to support typical projects such as marine con- jiqgenous (derived from rock) sediments are formed
struction projects, dredging of channels and harbors, oy terrestrial or volcanic sources. Underwater lithoge-
construction of levees and dams, and reclamation of., s (terrigenous) sediments result either from a rise in
wetlands. Therefore, the .|nformat|on' conce'ntrates ONthe sea level, the submergence of land due to geological
common, commercially available sampling equipment a”devents, or by soil particles being transported by wind,

methods. ~ One-of-a-kind research tools or equipmenty ey or ice to the sea where they settle. Because sam-
available only from foreign countries is not discussed. pling terrigenous sediments is similar to sampling the

Appendix A lists references that discuss some of thesegyme types of soils on land, determination of the source
topics. However, guidance for obtaining chemical sam-

o , . ) ) ) -~ of the sediments and the method by which the deposit
ples, which is typically done in conjunction with soil \aq formed can help in predicting whether the sediment is
sampling, is beyond the scope of this manual. Geotechni,ma|ly consolidated or overconsolidated: this informa-
cal personnel should coordinate underwater chemlcaltiOn can be used as a guide for selecting the best sampling

sampling with the Project Environmental Engineer, or nethod(s). Biogenic sediments, which are found in both
should refer to EPA Manual 503/8-91 (the “green book”) nearshore and deep ocean deposits, are formed from the
and the appropriate Regional Implementation Manual. remains of marine organisms. The most common sedi-

i , , ments are either silica (SiP or calcium carbonate
Generally, sampling soils underwater in the nearshorec,cq) materials. Hydrogenic sediments are formed by
environment is not significantly different from sampling 5 chemjcal reaction that occurs under the right conditions

soils on land. The concerns for obtaining minimally temperature, pressure (water depth), and chemical

disturbed samples for geotechnical testing are the samegonent of the water and subsequent precipitation of
the samples are just more difficult to obtain. In addition

X - ) o material. Hydrogenous deposits of calcium carbonate can
to the need to find the right equipment for obtaining sam- e tond nearshore in some areas. Unlike the terrigenous

ples, a work platform or vessel and a positioning SystéMgegiments, calcium carbonate sediments are particularly
are needed. The wind, waves, tides, currents, and watefjiicyit to sample without disturbance; additional infor-

depths must also be considered when planning a sitenation is contained in the proceedings of the international

investigation. conference on calcareous sediments (Jewell and Khorshid

. : : . 1988).
The selection of appropriate sampling equipment for

retrieving underwater samples depends upon several fac10_3. Planning an Underwater Site Investigation

tors: soil data required, sizes of test specimens needed,

sediment type, geology, the depth of water or elevation of pjanning a site investigation on land is discussed in Chap-
the seaﬂqor, gnylronmental conditions, vessel availability, oy o Ag compared to an onshore investigation, a near-
and funding limits. These factors do not always favor ghore or offshore investigation may encounter some
selections that are compatible. For example, the equipynique problems. To plan an effective offshore investiga-

ment required to obtain the size and/or quality of sam- o - preliminary information should be gathered on the
ple(s) may not be deployable from the vessel availablegjie configuration, environmental conditions, the type of

within the project budget, or the available vessel may not qoyiment expected to be found at the site, and the sam-

be able to operate in t.he req'uired sha}llow'-water depths.p"ng equipment and work platforms available and their
Each of these factors will be discussed in this chapter.

10-1. Introduction

10-1



EM 1110-1-1906
30 Sep 96

capabilities. With this information, decisions can be made 10-4. Work Platforms for Underwater Sampling
regarding where to take samples, how many, and to what
depth to meet the project requirements. Information on Several types and sizes of work platforms, including
the expected sediment type and the data needed from thecaffolds, barges, and ships, are available to support
samples will determine the type of sampler to use. underwater sampling work. When a platform is selected
for a site survey, a number of factors should be consid-
One of the first steps is to obtain a marine chart of the ered. These factors include the effects of tides, currents,
area to be surveyed. Suitable charts and maps are availand depth of water; the positioning of the platform and
able from the National Ocean Service and the Nationalthe capabilities for deploying and retrieving the sampler;
Oceanic and Atmospheric Administration (NOAA) for the type of sampling equipment as well as the number,
coastal and Great Lakes areas, the Defense Mappingize, quality, and depth of samples; safety; and the avail-
Agency for open ocean and foreign waters, and theability of the equipment. Figure 10-1 shows a small drill
U.S. Army Corps of Engineers for inland rivers, lakes, rig on a scaffold. Figure 10-2 shows a barge set up for
and canal systems; these documents can be purchased a¢arshore work. Figure 10-3 shows a jack-up barge that
local marine chandlery stores or ordered from the issuingcan be used to support an onshore drilling rig. Workboats
agency. If the survey site is close to shore, a topographicand drillships are used for sampling in deeper water. A
map of the adjacent land area may also be very helpful.discussion of each of these factors is presented in the
Marine charts normally will show sediment types, water following paragraphs.
depths, shipping channels, permanent moorings, bridges,
buoys, shoals, underwater cables and pipelines, and otheWhen a sampling operation is being planned, site data are
items of interest. Water depths are usually referenced toneeded on maximum and minimum water depths, tides,
low-water level, whereas bridge clearances are referencedurrents, and typical wave heights for the expected
to high-water levels. The date of the chart should be weather conditions. The minimum water depths will
checked and the information on it verified and/or adjusted determine the draft of the vessel that can be used. The
according to its age. For example, water depths in aheight of the vessel, including antennae, navigation equip-
harbor may be less than indicated due to sedimentation. ment, and crane boom, will be important if bridges or
other obstacles have to be negotiated.
Prior to the investigation, it is suggested that a site visit
should be conducted, if possible, to compare the chartlf samples are required from specified points or locations,
with the actual site conditions. Moorings, piers, or other then navigation, positioning, and station-keeping systems
shoreline construction can affect the planning of the sur-will affect the type of work platform which is selected.
vey. While at the site, obtain boat traffic patterns, Frequent moves to different locations will require a plat-
weather conditions, typical wave heights and currents, andform that is easily maneuvered and quickly anchored.
other conditions which could affect the survey. The The positioning system will depend on the physical char-
impact of seasonal events, such as sport boating or fishingcteristics of the site to be surveyed. Vessels typically
seasons, and changes in environmental patterns, such dsve from one to four anchors, whereas it may be neces-
the deposition and erosion of sediments, weather patternssary to install temporary anchors and winches on a barge.
or the occurrence of fog, should be investigated. Local Some vessels have bow thrusters which allow them to
tide charts, if applicable, are sometimes available from thehold a position without anchoring or with only a minimal
harbor master or port services or can be obtained from thenumber of anchors. If the navigation system on the ves-
National Ocean Service; these charts can be very helpfukel cannot provide the accuracy required, a supplemental
in planning work for the best use of daylight hours and in system will have to be employed. With a preplanned
conjunction with the tides. Public utility companies investigation, a priority for obtaining samples and their
should be contacted for updated information if the chart relative locations will allow a more efficient site survey.
indicates underwater cables or other equipment. The
U.S. Coast Guard also provides updated information toThe height, reach, and load capacity of the lifting equip-
the chart in “Notice to Mariners” information on new ment should be specified. Typical types of lifting equip-
hazards and changes. The location of onshore structurement include cranes, winches, A-frames, and davits.
that could block the navigation system operation and sitesFigure 10-2 shows a barge with a crane, an A-frame, and
which could be used for the navigation system shorea winch. The vertical and horizontal clearances for an
stations should be noted. A-frame should be known because the horizontal
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clearance varies from the top to the bottom of the applied with experience and sound judgment as dictated
A-frame. Figure 10-4 shows a sampling device hung by the specific site conditions.
from a pair of davits along the side of a vessel; it can be
deployed with winches. Figure 10-5 shows a sampler10-5. Underwater Samplers
deployed with a mobile crane mounted on a barge.
Because of insufficient deck space, the head of the corefThe choice of an underwater sampler for a particular site
was supported overwater by the crane while its base wasnvestigation depends on the sediment type(s); the type of
placed on the deck as the core was removed. data needed from the samples; the quality, depth, and
diameter of the samples; the depth of water at the site;
The support requirements for the sampling device such asavailable work platforms; environmental conditions; and,
power, compressed air, water flow and pressure, deckof course, funding constraints. The most common types
space and lifting capacity to deploy and retrieve the sam-of underwater samplers can be divided into three catego-
pler, and core handling and storage space, need to beies based upon the method of deployment, i.e., free sam-
considered when the work platform is selected. For plers, tethered samplers, and drill string samplers. These
example, the type of sampling device should be selectedypes of samplers are generally available through commer-
based upon the quality, diameter, and depth of sample<ial enterprises and government agencies. A discussion of
needed. However, if the work platform does not have theeach sampler, including its operation, deployment and
required support equipment, such as an internal poweretrieval requirements, size and quality of sample, the
source or sufficient lifting capacity, then space must betypes of sediments in which it can be used, and vessel
available on the vessel for a generator or positioning anand support requirements, follows.
auxiliary A-frame hoist and other support equipment. As
an option, alternative types of sampling devices should be a. Free samplers Untethered samplers, including
considered. boomerang samplers, hand-held diver-operated samplers,
and remotely operated vehicle (ROV) samplers, can be
Safety is a very important consideration when a work deployed with minimal attachments to the work platform.
platform is selected. The vessel should meet U.S. CoasBoomerang corers are truly free from any attachment;
Guard requirements. Life vests and standard personahand-held diver-operated samplers are dependent upon
safety equipment must be provided. During the coring whether or not the diver is tethered to the work platform;
operation, appropriate shapes (flags) should be displayedvhereas the particular design of ROV samplers deter-
indicating the vessel is restricted in its ability to mines whether or not they must be tethered.
maneuver.
(1) Boomerang corer The Boomerang corer, as its
Locating a vessel for an offshore survey can sometimesname implies, returns to the surface after it has been
be difficult. Local harbor masters, port services, or port deployed and a sample has been obtained. The corer
operations offices can be used as a starting point. Com-consists of an expendable ballast portion which contains a
mercial companies have equipment varying from drill plastic core tube connected to two glass floats. To
ships to workboats to barges for rent; sport fishing boatsdeploy, the sampler is dropped off the work platform and
are also suitable for site work. Many Army installations is permitted to free-fall through the water and embed in
and Navy bases or shipyards have vessels that can behe seafloor. The sediment-filled core tube is returned to
used. Military reserve units often have vessels that canthe surface by the glass floats, leaving the expendable
be used with enough advanced notice. The Military Sea-ballast portion embedded in the seafloor. The Boomerang
lift Command (MSC) and NOAA have many vessels corer needs a minimum depth of water of about 10 m
available for offshore work; however, MSC and NOAA (33 ft) to stabilize and obtain its maximum velocity for
require long lead times for scheduling the use of theseembedment and maximum sample length. Theoretically,
vessels. there is no maximum water depth for this device; cores
have been obtained from depths exceeding 8,800 m
As can be seen by the data in the previous paragraphs, thé29,000 ft).
selection of the work platform is a combination of science
and art. No single work platform will satisfy all needs Since the manufacturer provides a detailed manual with
for all nearshore and offshore drilling and sampling opera-the Boomerang corer that is shown in Figure 10-6, only a
tions. The work platform must be selected which will brief description of the device is presented herein. The
allow the highest quality samples to be obtained at thecorer is 203 cm (80 in.) long overall and weighs 85.7 kg
least cost by using available equipment and techniqueg189 Ib) in air and 59.0 kg (130 Ib) in water. The
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expendable ballast portion is a steel shell which serves adocation, and the speed at which a series of cores can be
the core barrel (lower end) and the float housing (uppertaken. Because of its simplicity, the Boomerang corer can
end). On the outside of the core barrel is a sliding lead be deployed from almost any vessel or work platform.
pilot weight attached by a wire to a release lever locatedDepending upon how many corers are being used and
in the float housing. The retrievable and reusable floathow much associated equipment is needed, only a small
portion consists of two glass floats and a core tube. Theamount of deck space is usually needed. Tight station-
plastic core tube, which is 6.7-cm (2-5/8-in.) ID by keeping capabilities are not required, although it is a good
7.3-cm (2-7/8-in.) OD by 122 cm (48 in.) long, is fitted idea to record the locations where the corers are deployed.
with a stainless steel core catcher in the bottom end and @8oomerang corers can be deployed in fairly rough seas;
butterfly valve assembly in the top. The glass floats arethe limiting factor is that the vessel must be capable of
attached to the valve assembly; one of the floats usuallymaneuvering to recover the core. Its disadvantages
contains a battery-operated flashing light or pinger to aidinclude the large wall thickness of the core barrel plus
in locating the float portion after it has returned to the liner relative to the core diameter and the short sample
surface. length typically obtained for sands.

The operating sequence of the Boomerang corer is out-  (2) Diver-operated hand-held corers There are
lined in Figure 10-7: many different versions of diver-operated hand-held
corers. Although the operating depths of hand-held corers
Step 1: The corer is dropped over the side of the vesselare controlled by the depth limits imposed on divers (gen-
in a vertical orientation. During this operation, care is erally less than 30 m or 100 ft), these corers provide a
needed to ensure that sudden swings of the corer arenethod of sampling areas that are difficult to reach by
avoided which could cause the pilot weight to slide up the other coring methods. In general, hand-held corers use a
barrel and release the floats. clear plastic core tube that can be pushed or driven into
the sediment by a scuba diver. Typically, the core tubes
Step 2: As the corer descends, the hollow rubber ball isare 3.8 cm (1-1/2 in.) in diameter by 0.6 to 0.9 m (2 to
compressed by water pressure until it is released, usually3 ft) in length, although some larger diameter core tubes
at a depth of 10 to 15 m (33 to 49 ft). are available. Fairly high-quality samples can be obtained
in cohesive and cohesionless sediments, although the
Step 3: When the corer embeds in the seafloor sedimentsample quality and retrieval are dependent upon the
the pilot weight is pushed up with respect to the core diver's skill with the tool. Consequently, training and
barrel, the float release lever is tripped, and the floats arepractice can make a significant difference. The main
released. advantage of this type of corer is that samples can be
obtained from otherwise inaccessible areas. The vessel
Step 4: As the floats begin to rise, a pin which holds the requirements for supporting the hand-held corer are mini-
butterfly valve open is pulled out; this action allows the mal and are determined mostly by diver needs. The dis-
butterfly valve, which helps to retain the core in the sam- advantages include the small diameter of the core and its
pling tube, to close. The floats rise and pull the core tube short length.
to the surface.
One type of hand-held diver-operated corer that is avail-
Step 5: When the floats reach the surface, they can beable to government agencies through Naval Facilities
retrieved by hand or by whatever lifting equipment is (NAVFAC) Ocean Construction Equipment Inventory
available. Once the core has been retrieved, the sampl¢OCEI) is described herein. The OCEI corer (Fig-
should be identified, field logs should be completed, and ure 10-8) consists of an aluminum guide frame, a stainless
the sample should be sealed in the plastic tube or placedteel hammer, and a core head; it is 119 cm (47 in.) long,
in a sample jar for storage and shipment to the laboratory.weighs 10.4 kg (23 Ib) in air and 7.3 kg (16 Ib) in water,
and can be used to obtain a 3.8-cm- (1-1/2-in.-) diam by
Although a full length sample is not always obtained in 76-cm- (30-in.-) long sample. To obtain a sample, the
dense sand, a high-quality representative sample of coheeorer should be placed upright with the base positioning
sive or cohesionless soils can usually be obtained with thetabs resting on the diver’s fins; this placement positions
Boomerang corer because of its high-impact velocity. the piston at the seafloor surface. To sample, the clamp
The advantages of this device include the ease in which iton the piston rod is released and the core tube can be
may be deployed and retrieved, its relatively accuratepushed into the sediment using the handles on the head.
positioning on the seafloor as compared to its drop When the core tube can no longer be pushed by the diver
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(the diver is neutrally buoyant), the hammer can be usedof each, the details for operation and deployment of vari-
to further embed the tube, provided that the free-fall ham- ous samplers are not explored herein.
mer blows are counted. When the core tube is fully
embedded, the diver should lock the piston rod clamp (2) Box corers A box corer is a device that con-
before the corer is pulled out of the sediment. Before thetains a box which takes a large, relatively undisturbed
diver returns to the support vessel with the core, a capsample when lowered to the seafloor by a wireline from
should be placed on the bottom of the core tube to retainthe work platform. The box corer is pushed into the
the sample. After the core tube has been removed fromsediment by its own weight. When the deployment line is
the frame, the plastic tube can be cut off at the top of theretracted, the bottom of the box is closed off by a rotating
sample and capped, or the piston can be positioned on togpade before the box corer is lifted. Most box corers can
of the sample, the tube filled with seawater, and then be operated in any water depth.
capped. The caps on the top and the bottom of the tube
should then be taped, the core should be labeled, and th8ox corers are available from several manufacturers, and
field logs, including the number of free-fall hammer therefore the design, size, and operation of each may vary
blows, should be updated. slightly. The boxes are usually constructed of stainless
steel or aluminum; sizes range from 10 by 30 by 30 cm
(3) ROV-operated samplers There are some sam- (4 by 12 by 12 in.) to 30 by 30 by 90 cm (12 by 12 by
pling devices that can be operated by the manipulator36 in.) to as large as 50 by 50 by 60 cm (20 by 20 by
arms on remotely operated vehicles (ROV). Typically, 24 in.). Most boxes have a bottom plate for supporting
these samplers are research tools which are designed fahe sample in transport and a removable side for access to
use with a specific ROV. Generally, ROV-operated sam- the sample after it has been retrieved. The parts of the
plers can be used to obtain fairly short, small-diameterbox corer and its operational sequence are presented con-
cores, are relatively expensive to operate, and are intendedeptually in Figure 10-10.
for use in deep water. However, there are situations
where the ROV device is the best solution to the sampling The box corer should be prepared for use according to the
problem, such as where accessibility is a problem and themanufacturer's instructions. Care should be taken to
depth of water is too great for divers. ensure that the safety pins which prevent pretripping are
set correctly. After the sampler is lifted off the deck, the
b. Tethered samplers Tethered samplers are pins supporting the weight column should be removed.
attached to the work platform by some type of umbilical Safe lowering rates for box corers depend on the seas and
support cable or lowering wire, such as a wireline. the type of device. For example, in calm seas, the box
Tethered samplers can be subdivided into dredges anaorer can be lowered fairly rapidly but should be slowed
grab samplers, box corers, gravity corers, and bottom-considerably as it nears the bottom to allow the corer to
resting samplers. stabilize; in rough seas, the box corer should be lowered
at a moderate rate and should not be slowed as the corer
(1) Dredges and grab samplers Dredges and grab nears the bottom. When the box corer touches the bot-
samplers can be used to obtain disturbed and perhaptom, deployment of the wireline should be stopped imme-
nonrepresentative, surficial sediment samples of the seadiately to prevent excess line from getting tangled and
floor from almost any depth of water. Although there is interfering with the operation of the corer. If desired, a
some overlap between what is called a dredge and a gralhottom-sensing pinger can be attached to the wireline; to
dredges generally are dragged across the seafloor t@revent damage to the pinger during retrieval of the sam-
obtain a sample, whereas grabs have jaws that close aftepler, the wire should be marked to alert the winch opera-
penetrating the seafloor. Examples of each are given intor of the location of the pinger.
Figure 10-9. Vessel positioning is not critical for the use
of these samplers, although some navigational data aréAfter the box has been driven into the sediment by its
needed. Because some components of the seafloor maweight, the corer can be retrieved. As the wireline is
not be easily sampled, whereas other components may beecoiled, the spade is rotated to close off the bottom of
washed out during sample retrieval, dredge and grabthe box before the box is pulled out of the seafloor. The
samples are suitable only for identifying the sediment type corer can be retrieved as fast as is possible but should be
and should not be used for determining engineering prop-slowed as it nears the water surface. Once the corer is
erties. Because of the wide variety of dredge and grabout of the water, it should not be set on the deck until the
samplers available and the relative simplicity of operation weight column support pins have been placed and a rope
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has been tied around the spade to prevent it from movingmethod, which is based upon the requirement that a valve
as the tension in the wireline is released. or internal piston is used to enhance sample recovery,
provides a better classification system. Typically, the
To remove the sample box, a bottom plate must besmaller, shorter corers use a valve and are commonly
inserted between the spade and the bottom of the box andeferred to as “gravity” corers, whereas the larger, longer
clamped before the spade is released and returned to itsorers use a piston and are referred to as “piston” corers.
original position. If the box corer is equipped with an A discussion of the gravity and piston corer is presented
integral spade, the box assembly can be removed from thénerein.
frame by simply loosening two bolts. After the box sam-
ple has been removed from the sampler, the sample can (a) Valve-type gravity corers Gravity corers are
be extruded and subsampled or stored in the box andmanufactured by several companies and can be designed
sealed. Sampling logs for box cores should include infor-to meet almost any coring requirements. The two most
mation such as the type of box corer, its size, the weightcommon devices are the Phleger and Ewing corers. The
column, the size and/or weight of sample, subsamplesPhleger corer, which is shown in Figure 10-11, is typi-
taken, and observations or remarks. cally 0.9 to 1.2 m (3 to 4 ft) long, weighs about 18 kg
(40 Ib), and can be used to obtain a sample 3.8 cm
Box corers require a midsized vessel with deployment(1-1/2 in.) in diameter by 0.6 m (2 ft) in length. The
equipment that will provide the height clearance necessaryEwing corer, which is illustrated in Figure 10-12, will
to deploy and retrieve the box. If an A-frame is used, vary in weight and length depending upon the sample
both vertical and horizontal clearances should be checkedsize; the weight of the sampler ranges from 90 to 450 kg
The amount of deck space required is typically small; (200 to 1,000 Ib) and can be used to obtain a sample that
usually a moderate working area plus space for the foot-is 6 cm (2-1/2 in.) in diameter by 1.8 to 3.0 m (6 to 10 ft)
print of the corer is sufficient. Although it is not neces- in length. These devices are strikingly similar. The
sary for the vessel to stay in a fixed position during the wireline is attached to the bail, which is located at the top
sampling operation, position data should be recorded atof each corer. Below the bail is the weight stand;
the instant the corer touches bottom. It should also bedepending upon the type of sampler, the weights are
noted that core recovery is usually enhanced if the corereither permanent or removable. The core barrel, which is
is brought to the surface of the water in a nearly vertical lined with a plastic liner and core catcher, is located
retrieval pattern. below the weight stand. A core cutter is attached to the
bottom of the core barrel. A check valve, which is used
The principal advantage of a box corer is that a large,to retain the sample, is located at the top of the weight
relatively undisturbed sample of cohesive material can bestand.
retrieved. The disadvantages of the box corer include the
short length of sample which is retrieved and the diffi- Before the gravity corer is deployed, the device should be
culty of sampling cohesionless sediments which usuallyassembled and inspected according to the manufacturer’s
wash out of the box corer during retrieval. instructions. The check valve should be inspected to
ensure that it is working properly. If a trip arm release as
(3) Gravity corers Although several types of gravity shown in Figure 10-13 is used, it should be inspected for
corers are available, all are operated similarly. In general,proper operation and the presence of the safety pin.
gravity corers consist of a large weight on top of a steel When the gravity corer is deployed, it can be lowered in
core barrel which contains a plastic liner. The corer is the water very rapidly but should be stopped as soon as
lowered and raised from the seafloor by a wireline, the trip arm is released or the corer hits bottom. As soon
although during the actual sampling process, the corer isas the core has been obtained, the corer should be slowly
allowed to free-fall and penetrate the sediment. Gravity pulled free of the bottom and then returned to the surface
corers can be used in almost any water depth; however, iras rapidly as possible. If the corer is relatively short with
shallow water, adequate free-fall distance must be avail-sufficient deck space and lifting clearance available, the
able for the sampler to deploy. corer should be retained in a vertical orientation until the
core has been removed. As soon as the core cutter has
Gravity corers have been classified by size or by opera-been disconnected from the core barrel, the core liner can
tional method. Historically, gravity corers were divided be removed. However, if the check valve creates a tight
into three groups based upon size: Phleger corers, Ewingeal at the top of the sample, it may be necessary to break
corers, and deep-ocean corers. Today, several sizes dhe suction before removing the core to prevent core
gravity corers are available; consequently, the operationaldisturbance. After the core liner has been removed from
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the corer, it should be capped, labeled, and stored as sugdeployed: the trip wire length should be adjusted, the
gested in the section on core handling. The field logs clearance of the lifting equipment should be checked, and
should be updated in a timely manner. the core barrel should be filled with water. The length of
the trip wire should be preset before the sampler is
Vessel requirements for deploying gravity corers will vary deployed to ensure that the piston is stopped and held at
slightly, depending upon the specifics of the corer. Gen-or slightly above the sediment surface as the core barrel
erally, the lifting equipment should be capable of handling penetrates the formation. The length of the trip wire can
the weight and the height of the full corer and the tripped be calculated by Equation 10-1:
cable, if a trip arm is used. The requirement for keeping

the vessel at a fixed location is not critical unless it is L=V, +L +F -(, -d) (10-1)
necessary to sample a specified point; however, the vessel

should not be permitted to move so far away from the

embedded corer that it is pulled up at an angle. where

The advantages of gravity corers include the ease of han- L, = length of the trip wire

dling and the simplicity of operation. The principal disad-

vantage is the short sample length. The difficulty of V, = vertical distance the trip or trigger arm must
obtaining a longer core is caused by selective sampling; move to release the corer

as the gravity corer penetrates the formation, the sidewall

friction between the sediment and the liner builds up and L. = overall length of the corer

eventually causes a plug to form at the core cutter. In an
attempt to sample deeper sediments with a gravity-type F. = free-fall distance the corer travels before it

corer, a piston was added; the piston-type gravity corer is impacts the seafloor sediment

discussed in the following paragraph. It is appropriate to

note herein that Hvorslev (1949) recommended the maxi- I, = overall length of the trip or trigger weight
mum length-to-diameter ratio for an undisturbed sample

of cohesive soil should be of the order of 10 to 20; for d, = depth of penetration of the trigger weight into
offshore investigations, the length-to-diameter ratios are the seafloor sediment

frequently much larger. Perhaps, the excessive length-to-
diameter ratios may cause increased sample disturbance. After the sediment has been sampled, about 0.3 to 0.6 m
(1 to 2 ft) of water should be separating the top of the
(b) Piston-type gravity corers A diagram of a typi-  sediment and the bottom of the piston. This separation
cal piston corer is shown in Figure 10-14. The purpose assures that the top sediments have been sampled. If the
of the piston is to remain at the top of the sediment anddistance between the sediment and the piston is too large,
create a suction as the core barrel is pushed into the sedithe free-fall loop is too short or the length of the trip wire
ment; the effect of the suction is to enhance the recoveryis too long; then the length of the wire(s) should be
of the core and perhaps increase the length of the sampladjusted by an amount equal to the length of the excess
drive. As with the gravity corer, the piston corer has distance between the piston and the core. If the mud
either a permanent weight or an adjustable set of weightsmarks on the outside of the corer indicate a significantly
at the top. Most piston corers can be used to obtain agreater penetration depth than the length of the core
6.3- to 6.7-cm- (2-1/2- to 2-5/8-in.-) diam core; the length retrieved, the free-fall loop should be shortened an
of the core is usually 3 to 15 m (10 to 50 ft), depending amount equal to the difference between the core length
upon the type of sediment, although cores up to 40 mand the penetration depth.
(130 ft) in length have been obtained. The length of the
piston corer can be adjusted by adding 3-m (10-ft) lengthsTypically, the length of the trip wire is 30t6 m (10 to
of core barrel and using longer plastic liners. 20 ft), depending upon the overall length of the corer and
the depth of penetration of the trigger weight into the
With the exception of a few steps for the operation of the seafloor sediment; the latter value is usually 0.6 to 1.2 m
piston, the operation of the piston-type gravity corer is (2 to 4 ft). The required clearance of the lifting equip-
similar to the operation of valve-type gravity corer, as ment on the work platform can be estimated as the sum of
noted in Figure 10-13. After the piston corer has beenthe length of the trip wire plus the length of the core tube.
assembled according to the manufacturer’s instructions,Short-piston corers, e.g., 3-to 6-m (10- to 20-ft) core
three additional steps are required before the sampler idength, can be deployed from a small crane or an
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A-frame, although it may be necessary to drag the sam-Presently, there is no universally accepted method for
pler across the deck. For longer piston corers, it will be solving the piston motion problem.
necessary to drag the device across the deck and upright
in the water. After the sampler is suspended in the water (4) Vibratory corers Over the years, many bottom-
and the trip weight has been deployed, the core barrelresting samplers have been built and used to obtain sea-
should be filled with water to prevent hydrostatic pressure floor samples. Most of these devices were one-of-a-kind
from pushing the piston up as the device is lowered in thetools that eventually fell into disuse and no longer exist.
water. However, vibratory-type corers have remained popular
and are used extensively. Although several vibratory
After the sampler has been retrieved, the core cutter mustorers are commercially available, only typical vibratory
be removed, the cable attached to the piston should becorers are discussed herein. See paragraphs 7-5 and 8-2
disconnected, and the bottom end of the liner containingfor additional information on vibratory samplers.
the core catcher should be cut off. After the bottom of
the core has been sealed, the plastic core tube should b&he vibratory corer consists of a vibratory head attached
removed from the sampling device. When the liner is to the top of the core barrel. The corer is supported in a
removed from the barrel, the piston stop should be bottom-resting frame which helps to ensure that the core
detached from the liner and the top of the sample tubebarrel enters the sediment vertically as well as doubling as
should be sealed. The length of the core should be measa reaction for advancing the sampling tube. The combi-
ured, the length of tube containing the core catcher shouldnation of weight and vibration is generally used to drive
be noted, and the field logs should be updated. Whenthe core barrel into the sediment, although vibrations can
cores longer than 3 m (10 ft) are obtained, the core linerbe combined with impact driving for some types of
should be pulled out a short distance, cut off, and sealeddevices to increase the penetration. The vibrator can be
and labeled as each segment is removed. Core barretlectric, pneumatic, or hydraulic. The sizes of cores
sections can also be removed as needed as the liner imange from 76 to 152 mm (3 to 6 in.) in diameter by 3 to
removed from the sampler. Although the sampler must12 m (10 to 40 ft) in length.
be placed horizontally to remove the core liner, the sec-
tions of core should be turned upright as soon as possibléThe vibratory corer should be operated and deployed
and the top of each segment should be marked. according to the manufacturer's instructions. Care is
needed to ensure that the inside of the core barrel is
Although high-quality samples of cohesive sediments canwashed thoroughly before a new core liner is inserted to
be obtained with the piston corer, two sampling problems prevent the liner from becoming wedged against the walls
may occur: flow-in and piston surge. Flow-in occurs of the core barrel. After the liner has been inserted, the
when the corer has not fully penetrated the sedimentthreads should be cleaned before the collar is attached.
usually when the piston is located somewhere in the mid-Before the sampler is lowered to the ocean floor, the
dle of the core barrel. As the wireline is pulled upward length of wireline to deploy the sampler should be calcu-
to retrieve the corer, the piston is pulled to the piston stoplated. For certain devices, deployment of the wireline is
before the sample tube is moved; this movement creates aouble the length of the core; this design feature must be
suction in the core liner which tends to draw sediment considered when the length of the line and the sample
into the core barrel. The flow-in sediment, which is very drive are calculated. Once the corer has reached full
difficult to distinguish from the actual core, is disturbed. penetration or refusal, the corer should be retrieved and
Fortunately, this problem can be minimized by the use of placed on the work platform. When the liner has been
a split piston. When the split piston is utilized, an removed from the core barrel, the cores can be cut into
upward pull on the line causes the piston to separate; thesections and sealed or opened for a visual analysis, as
main piston locks at the top of the sediment, and therequired. If extremely long cores have been taken, it may
secondary piston slides upward until it rests against thebe necessary to detach a section of the core barrel to
piston stop. Piston surge occurs when the piston isfacilitate the removal of the core liner. If a full core was
moved as the core barrel is penetrating the sedimentnot obtained, the water on top of the sample should be
Ideally, the piston remains motionless during the samplingdrained by cutting the liner above the top of the sample
operation. However, the wireline is stretched by the before the sample is handled or sealed.
weight of the sampler as the device is deployed. When
the corer is tripped, an elastic wave travels up and downThe vibratory corer can be operated in most coastal
the wire and causes movement of the piston. Movementwaters, and a sample can be obtained in most types of
of the piston is also caused by the motion of the vessel.sediment. The time required to obtain a core depends on
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the density of the sediment. However, the core is dis- When sampling is complete, withdrawal of the sampling
turbed to some degree; the degree of disturbance dependsol causes the packer to deflate.
on the corer as well as the type of sediment. An example
of a disturbed vibratory core is shown in Figure 10-15; (2) Operating without motion compensationlf a
the thin horizontal layers of dark sediment are curved motion compensation system is not available, the sam-
downward due to disturbance. When sampling is con-pling tools, which are illustrated in Figure 10-18, can be
ducted in nearshore areas, foreign objects, such as timbergsed. These tools include a wireline-percussion sampler,
or concrete, are sometimes encountered. These obstacles latch-in push sampler, and an hydraulic-piston sampler.
prevent the corer from obtaining a full core and some- The wireline-percussion sampler consists of a sliding
times damage the core barrel. weight and a sampling head to which sample tubes can be
attached. To obtain a sample, the weight is raised with
c. Drill string samplers Drill-string samplers, as the wireline and then allowed to free-fall to drive the
the name implies, operate through a drill string. Becausesampler into the formation. However, the “hammering”
these samplers are covered in detail in Chapters 5effect causes sample disturbance; therefore, the number of
through 8, this section presents only the unique aspects ohammer blows is usually limited to approximately 30.
their use for offshore investigations. Drill-string samplers The latch-in push sampler relies on a short sampling time
require an onshore type of drill rig which is installed on a to obtain a good sample without motion compensation.
drill ship for use in deep water or placed on a temporary When the sampler is lowered into the borehole, a mecha-
work platform. The work platform for the drill rig can nism latches onto the drill string; the weight of the drill
vary from a small float or scaffolding to a large offshore string is then used to push the tube to the bottom of the
workboat; the size of the platform is dependent upon theborehole. When the sampler is lifted, the latch mecha-
size of the drill rig and the support equipment required. nism releases and the sampler is retrieved on a wireline.
The problems of using drill strings deployed from a work Waves of too short a period will not allow sufficient time
platform or vessel include the movement of the drill string for the sampler to be recovered before it is again pushed
as the platform is tossed about by the seas and the need timto the formation by the weight of the drill string. The
maintain a constant bit pressure appropriate for the soilhydraulic-piston sampler is a jacking unit to which a
type. To minimize these problems, power swivels, as 0.9-m- (3-ft-) long thin-walled sample tube has been
illustrated in Figure 10-16, have been used. attached. To obtain a sample, the jacking unit is lowered
through the drill string until it latches onto the drill bit.
(1) Vertical stabilization of the drill string Three Hydraulic pressure of the drilling fluid is then used to
techniques to stabilize a drill string against vertical move- push the sample tube into the formation. During the
ment are available: (a) a heave compensator can be usesampling process, the piston rests on the sediment surface.
on the vessel; (b) the drill string can be clamped to the After the sample has been obtained, the sampler is
seafloor; or (c) the drill string can be anchored to the retrieved by a wireline.
formation with an inflatable packer. A schematic diagram
of each method is presented in Figure 10-17. Heavel0O-6. Special Considerations for Underwater
compensators are devices that damp out vessel motiorsampling
relative to drill-string movement with an hydraulic ram;
these devices can be attached to either the crown block oWWhen working in the marine environment, certain condi-
the traveling block. A crown-block heave compensator tions require special attention. Because saltwater and
can control approximately 1.5 to 6.0 m (5 to 20 ft) of saltwater mists are extremely corrosive, one of the most
heave, whereas a traveling-block heave compensator cammportant aspects of any offshore geotechnical investiga-
control approximately 1.8 to 3.6 m (6 to 12 ft) of heave. tion is the cleaning and maintenance of the equipment.
Very heavy, hydraulically operated clamps which rest on Other problems include sample recovery and storage and
the seafloor add to the reaction force available to the drill the difficulty of referencing the depth or elevation of
string and provide a means to reenter the borehole, ifbottom sediments. Selected topics are discussed in the
necessary. However, these devices are rather difficult tofollowing paragraphs.
deploy, and the support equipment requires extra deck
space. An inflatable packer, commonly known as a a. Equipment cleanup During offshore investiga-
down-hole anchor, can be attached to the drill string justtions, the sampling equipment as well as the vessel may
above the bit and inflated against the borehole walls dur-require frequent washing to remove sediment, which can
ing the sampling process. The device is activated by acause equipment to malfunction, and to prevent safety
“latch-in” sampling tool and pressurized by drilling mud. hazards on the deck. Saltwater obtained from a small
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water pump or from the saltwater tap on the vessel can bamaterials, there may be a minimum order or a tooling
used for this purpose. However, at the end of the charge.
workday, the sampling equipment, including the wire
ropes and any hand tools that were exposed to saltwater, e. Core catcher The most common type of core
should be hosed off with fresh water to prevent corrosion. catcher is the mechanical “finger” type. The finger-type
If equipment is left underwater, sacrificial anodes should core catcher is relatively inexpensive and can be reused
be attached to the equipment to counteract corrosion;extensively provided that it is cared for. Although it
locator pingers should also be attached to all equipmentworks well in cohesive soils, cohesionless soils sometimes
before it is deployed. wash out as the core is brought to the surface. For hard-
to-retain sediments, two other types of core catchers are
b. Corrosion resistant materials Although most available. The retainer, which is shown in Figure 10-19,
offshore coring equipment is constructed of corrosion- uses a polythylene sleeve affixed to the outside of a
resistant materials, such as 316 stainless steel, the equidinger-type catcher; after the core has been obtained, the
ment needs to be maintained to remain operational andbag collapses to retain the sample. Figure 10-20 shows
safe. If a new system is being designed for use in theanother type of core catcher which has a sphincter closure
marine environment, a metallurgist should be consultedto retain the core. When a trip lever on the core barrel is
early in the planning phase to assist in the selection ofreleased, a nylon sleeve which is located inside the core
materials. barrel is twisted to close the bottom of the core barrel.

c. Wire rope One of the most critical pieces of f. Location of the bottom Because underwater
equipment for underwater sampling is the wire rope or sediments progress from muddy water, to a pea-soup
wireline. Unfortunately, it corrodes easily when it has consistency, to mud, and eventually to a sediment with
been exposed to saltwater and is then considered unsafe tsignificant strength, one of the most difficult problems
use. Although galvanized wire rope is somewhat more dealing with underwater sampling is determining the
corrosion resistant, it, too, will corrode when exposed to location of the “bottom” or the “mudline.” When sam-
saltwater for a period of time. Therefore, most vessel andpling is done, especially in support of dredging opera-
crane operators are unwilling to dip crane hooks and wiretions, determining where the mudline starts is of great
ropes into the saltwater. Consequently, lifting straps,importance. A method of defining the location of the
deployment wires, wire ropes, and other equipmentbottom should be selected and specified very clearly. One
required for the job must be supplied as an added cost tanethod is to use a flat steel plate of a specific dimension
the project. A wire-rope catalog will provide information and weight; the bottom is defined as the point at which
on the bending radius of the rope and the static workingthe plate comes to rest and does not move after a defined
loads. A good rigger or rigging manual should be con- period of time. The plate should be attached to a speci-
sulted for properly tieing or terminating wire ropes. A fied lowering line for which the amount of stretch has
torque-balanced wire rope which resists spinning when thebeen defined. An alternative method is to define the
equipment is lowering is also available. “bottom” as determined by a certain apparatus, such as a

fathometer or a nuclear density gauge. Several

d. Sample liners Another consideration in offshore U.S. Army Corps of Engineers Districts and Laboratories
sampling is the type of plastic liner used in the sampler. have experience with these devices.

The most commonly used liner is a clear plastic made of

cellulose acetate butyrate (CAB). However, CAB is not g. Gas-charged sediments Occasionally, gas-
very strong, can be easily damaged, and allows somecharged sediments, which are extremely difficult to sam-
moisture loss. Other plastics which have been used forple without disturbance, are encountered offshore.
core liners include rigid polycarbonate (Lexan) and poly- Recently, samples of gas-charged sediments have been
vinyl chloride (PVC). As compared to CAB, Lexan is oObtained with a sampler that retains the sample in a pres-
fairly strong, allows less moisture loss, and is more surized chamber. A drill-string wireline system is used to
expensive; PVC is also fairly strong and allows little deploy the sampler. However, samples obtained in pres-
moisture loss, although it is opague and contains heavysurized chambers are of little value unless the sample
metals that could adversely affect the results of a chemi-containers are opened and the samples are prepared for
cal analysis of the soil sample. Some plastics can be custesting at conditions comparable to the in situ pressures;
tom extruded to meet the coring applications, whereasto achieve these conditions, the laboratory testing program
others can be obtained only in stock sizes. For extrudedcan be conducted inside an hyperbaric chamber.
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h. Sampling logs As compared to the boring logs labeled. As a minimum, the label should contain the
maintained for onshore investigations (see Chapter 13)hame of the project, the site number or name, the core
the sampling logs for offshore operations require addi- number and segment number, the length of the segment,
tional data such as the type of vessel or platform; thethe date the core was taken, the depth of water, the sam-
navigation system and site coordinates; the time, depth ofpler type, and any observations or problems. This infor-
water, tides, and weather conditions; and the size and typanation can be written on the plastic tube with a
of sampler and sampling procedures, including lowering permanent marker, engraved into the plastic, or written on
and retrieval rates and the pullout load. An example of aa card and inserted into a self-adhesive plastic bag
data sheet that can be modified to meet the specific needsittached to the core tube.
of an underwater sampling investigation is shown in

Figure 10-21. Samples should be stored and transported under condi-
tions that minimize or prevent additional disturbance.
10-7. Sample Handling and Storage Recall that core samples have already been disturbed by

the change of stress and temperature as a result of being
In general, the methods for handling and/or storage ofsampled at the relatively cool sea floor and recovered on
samples obtained during offshore drilling and sampling the warm, and possibly even hot, deck. Cores should be
operations should follow the procedures used for onshorestored vertically in a framework that prevents them from
samples, which are described in Chapter 13 of this man-being jostled, and if necessary can be wrapped in plastic
ual. However, special considerations are required forbubble wrap to cushion them from shipboard vibrations.
certain aspects of offshore investigations, including sub-The storage room should be maintained at a temperature
sampling box core samples, handling long core samplespf 2 to 4 deg C (35 to 40 deg F) with a relative humidity
and the transport and storage of samples. of 100 percent to prevent the growth of marine organisms.

The method of packing the cores for shipment to the
Because the size of the box core is fairly large and cannotonshore laboratory should be preplanned to ensure that the
be handled easily, subsamples of the box core should beshipping crates are designed to minimize core disturbance
obtained onboard the vessel prior to shipping the soiland the cores are sectioned to a standard length. The top
samples to the onshore laboratory. To subsample a boxf the shipping crate (hence, the top of the cores) should
core, a piston, which can be attached to a rigid framealways be labeled “THIS END UP.” Because calcareous
above the core, is placed on the top of the sample and issamples are difficult to transport without causing severe
used as a guide for the tube that is pushed into the boxdisturbance, onboard testing of these materials is recom-
core. The diameter of the subsampling tubes should bemended, if possible.
selected based upon the laboratory tests to be conducted
on the subsamples. After all subsample tubes have beed0-8. Summary
pushed into the box sample, the sediment around the tubes
should be removed and saved for tests such as grain-siz&lthough numerous types of equipment are available for
analysis and Atterberg limits. sampling offshore formations, a well-planned sampling

operation can reduce the degree of difficulty and the
Long cores that are obtained in plastic liners should beexpenses involved by ensuring that the proper equipment
cut into segments 0.5 to 1.5 m (2 to 5 ft) long, depending is available to obtain the required number of samples of
on the proposed testing program, shipboard storage, shipsatisfactory quality. Nearly all of the samplers discussed
ping containers, and the estimated time for storage of thein this chapter can be used to sample cohesive materials.
segments. In general, the length of the core should beHowever, bottom-resting devices may sink under their
decreased as the time for storage is increased to reducewn weight and therefore cannot be used for sampling
settlement and leakage. As the liner is removed from thesoft sediments. For cohesionless soils, vibratory corers
coring device, a permanent felt-tip marker should be usedand wireline samplers can be used, although samples
to mark the segments of the tube with a consistent label-obtained with the vibratory corer are disturbed, whereas
ing scheme, such as the bottom segment being labeled “1'samples obtained with wireline samplers are fairly expen-
or “a,” etc.; each segment should also be labeled with ansive. Specialized core retainers will help retain cohesion-
arrow pointing towards the top of the sample. After a less soils in the sample tube. Rock sampling will likely
segment has been labeled and the plastic liner has beerequire a drill-string sampler, although a few bottom-
cut, the segment should be measured and its conditiorresting rock corers have been built for sampling the top of
noted; it should then be capped, taped with plastic tape,ock formations. Calcareous formations can be sampled
sealed with wax or plastic wrap and aluminum foil, and by most of the devices discussed in this chapter.
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However, the effect of sample disturbance is unknown theory. Additional information on offshore sampling is

because the engineering behavior of calcareous materialavailable in the references cited in the section entitled
cannot be predicted by conventional soil mechanics“Bibliography” in Appendix A.
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Figure 10-2. Photograph of a barge set up for nearshore work. Note the crane, A-frame, and winch for lifting and
lowering drilling equipment. (Figure provided by the U.S. Naval Facilities Engineering Service Center)
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Figure 10-3. Photograph of a jack-up barge that can be used to support an onshore drilling rig.
(Figure provided by the U.S. Naval Facilities Engineering Service Center)
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Figure 10-4. Photograph of a sampling device hung from a pair of davits along the side of a
vessel. (Figure provided by the U.S. Naval Facilities Engineering Service Center)
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Figure 10-6. Photograph of a Boomerang corer. (Figure provided by the U.S. Naval Facilities
Engineering Service Center)
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Figure 10-7. The operating sequence of the Boomerang corer. (Figure provided by the U.S. Naval

Facilities Engineering Service Center)
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plston rod
core tube rod clamp impact hammer

""‘ﬂ'd | core guide

frame

i

handles |§ %

spanner wranch

a, Diver-operated corer with paris idenfified

b. Diwer and pariner oparaling
corer undarwaler pulling it sut of the seallosr

Figure 10-8. Photograph of a hand-held diver-operated sampler available to government agencies through
NAVFAC'’s Ocean Construction Equipment inventory. Note: Safety is a very important consideration for Corps of
Engineers projects. Safety items should be worn, as appropriate, for the particular drilling and sampling
operations. (Figure provided by the U.S. Naval Facilities Engineering Service Center)
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Peterson
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Figure 10-9. Schematic diagrams of several dredges and grab samplers that can be used to
obtain disturbed, surficial sediment samples of the seafloor from almost any depth of water.

(Figure provided by the U.S. Naval Facilities Engineering Service Center)
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Figure 10-10. Conceptual presentation of the operating sequence of the box corer. (Figure provided by the

U.S. Naval Facilities Engineering Service Center)
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Figure 10-11. Photograph of the Phleger gravity corer. (Figure provided by the U.S. Naval
Facilities Engineering Service Center)
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Figure 10-12. Ewing gravity corer. (Figure provided by the U.S. Naval Facilities Engineering
Service Center)
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Figure 10-15. Photograph of a disturbed vibratory core. Note that the thin horizontal layers of dark sediment are
curved downward due to sampling disturbance. (Figure provided by the U.S. Naval Facilities Engineering Service
Center)
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Figure 10-16. Schematic diagram of a custom-designed derrick with a power swivel which is used to minimize the

movement of the drill string as the work platform or boat is tossed about by the seas.

U.S. Naval Facilities Engineering Service Center)

(Figure provided by the
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Figure 10-18. Wireline sampling tools which can be used if a motion compensa-

tion system is not available. (Figure provided by the U.S. Naval Facilities Engi-
neering Service Center)
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(Courtesy of Acker Drill Co.)

Figure 10-19. Photograph of a finger-type sample catcher with a polythylene sleeve for retaining hard to sample
materials. After the sample has been obtained, the bag collapses to help retain the material in the sampling tube.
(Figure provided by the U.S. Naval Facilities Engineering Service Center)
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DATE

PROJECT/CRUISE

VESSEL
SITE DESIGNATION

WATER DEPTH

NAVIGATION SYSTEM COORDINATES MEASURED WITH
X Y ORIGINAL
X Y CORRECTION
X Y CORRECTED
SAMPLER TYPE
0 BOOMERANG SAMPLER CAPACITY OME
0 DIVER CORER BOX DIMENSIONS START DOWN
1 GRAB/DREDGE BARREL LENGTH ON BOTTOM
0 BOX FREEFALL LENGTH START UP
0 GRAVITY-VALVE TRIP WIRE LENGTH ON DECK
0 GRAVITY-PISTON AMQOUNT OF WEIGHT SPEED
0 VIBRATORY CORER  OTHER DETAILS LOWERING RATE
0 DRILLSTRING RETRIEVAL RATE
D OTHER PULLOUT LOAD

SAMPLE DESCRIPTION:

SECTION #
TOP

CORER PENETRATION DEFTH:

LENGTH

DESCRIPTIOCN/CONDITION

REMARKS (WEATHER, ACCIDENTS, EQUIPMENT PROBLEMS, ETC.)

Figure 10-21. Data log form for an underwater sampling investigation.

U.S. Naval Facilities Engineering Service Center)
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Chapter 11 The depths of accessible excavations are usually limited
Sampling from Test Pits, Trenches to about 6 ® 9 m (20 to 30 ft) or to the water table. For

greater depths, the costs and difficulties of excavating,
cribbing, and pumping generally make accessible excava-
tions impractical and uneconomical. Because longer
periods of time are required to excavate the formation and
11-1. Introduction to take the necessary safety precautions, disturbance
caused by exposure of the formation may be greater for
a. Accessible excavationsFor certain geotechnical an accessible excavation than the disturbance caused by
investigations, it may be necessary to provide excavationsconventional sampling and in situ testing operations. The
that are large enough to permit entrance by a person fordisturbance is caused by a change of water content, stress
inspection and sampling of subsurface materials in situ.reduction, swelling or plastic flow, expansion of gas or air

Hvorslev (1949) called these excavations “accessibletrapped in the soil, and oxidation or disintegration of the
explorations.” Accessible excavations are those exca-material.

vations that are made with machinery other than con-

Accessible Borings, or Tunnels

ventional drilling and sampling equipment.  These c. Use During the reconnaissance and feasibility
excavations include test pits or trenches, large-diametefsiages of an investigation, representative, disturbed or
borings, caissons, tunnels, shafts, drifts, or adits. undisturbed soil samples are necessary to estimate the

engineering properties of materials to be used for con-
Accessible excavations expose large areas of subsurfacetruction of proposed embankment dams, canal linings,
materials that permit direct examination of the in situ roads, etc. Unfortunate|y' representative Samp|es of cer-
conditions, observation of slope stability or groundwater tain soils, including very soft cohesive soils, cohesionless
conditions, fault evaluation studies, recovery of large soils, and gravelly soils, are very difficult and frequently
undisturbed samples, in situ testing, installation of instru- jmpossible to obtain using conventional drilling and sam-
mentation, or evaluation of abnormalities. Accessible pling techniques. The most feasible method for obtaining
excavations also offer an excellent means for evaluatingsamples of these materials may be the use of test pits,
excavation methods or the effects of blasting while pro- trenches, shafts, or tunnels. Although only highly dis-
viding an opportunity to confirm data obtained from con- turbed or remolded samples can sometimes be obtained,
ventional boring and sampling programs. Accessible these excavations often yield excellent information regard-
explorations may be the only practical method of obtain- ing stratification and density of the formation as well as
ing accurate information regarding borrow materials, potential difficulties which may be encountered during
riprap and concrete aggregate, or test fills. The data inconstruction. To fully utilize the data that can be
Table 11-1 suggest several types of accessible excavationgptained from accessible explorations, excavations should
as well as procedures and limitations for each. be designed and data collected under the supervision of

geotechnical personnel who fully understand the purpose

b. Advantages and disadvantageBefore a decision  of the exploration program and how the data will be used
is rendered that accessible excavations are needed as dbr design and analysis.

integral part of the geotechnical investigation, the advan-
tages and disadvantages of these excavations must bgi{-2. Excavation
considered.

The depth of an accessible excavation dictates the method
Accessible excavations provide the most reliable andof excavation. Test pits and trenches may be excavated
detailed information of soil and rock along a specific by hand or by conventional earth-moving equipment.
horizontal or vertical line. Accessible excavations also Accessible borings may be drilled with special-purpose
permit direct examination, sampling, or in situ testing of drilling rigs. Shallow pits dug to depths up to 1.2 m
the formation. Although the costs of accessible excava-(4 ft) in stable soil usually require no shoring; for deeper
tions are rather high, the costs are often small in compari-excavations or pits in unstable soil, shoring must be used
son to construction costs where geologic information is (EM 385-1-1). Excavations extending below the water
meager or insufficient to forewarn of adverse conditions. table require control of the groundwater. In impervious

or relatively impervious soils, groundwater can be con-
Examination, sampling, or in situ testing of the formation trolled by pumping directly from a sump or drainage ditch
in accessible excavations is usually more expensive thann the pit. If the pit extends below the water table in sand
for conventional in situ testing and sampling operations. or silt, dewatering by means of a well-point system may
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be necessary to ensure dryness and stability of the pit. Iflogging of the material. Wooden stakes can be used to
seepage forces are great, “blowouts” in the bottom ormark the depth of the excavated material. Samples for
sides of the pit can result. water content determination should be obtained in a
timely manner to prevent drying of the material. Care
a. Test pits Test pits are commonly used for expos- should be taken to ensure that pits are properly ventilated
ing and sampling foundation and construction materials.to avoid carbon monoxide or poisonous gases. If neces-
The test pit must be large enough to permit detailed sary, a ventilation fan should be used to force air into the
examinations of the material in situ to be conducted or to pit; the exhaust of any gasoline or diesel-powered equip-
obtain large, undisturbed samples as required by thement should be vented away from the pit.
investigation. Typically, the plan view of the pit will be
square, rectangular, or circular. The minimum dimensions b. Test trenches Test trenches can be used to per-
of the pit are on the order of 0.9 by 1.5 m (3 by 5 ft) or form the same function as test pits but offer one distinct
1.2 by 1.8 m (4 by 6 ft); it should be noted that these advantage, i.e., trenches provide a continuous exposure of
dimensions are net dimensions at the bottom of the excathe continuity and character of the subsurface material
vation and do not include the space required for shoringalong a given line or section. Test trenches can be exca-
or sloping the walls of the excavation in unstable or soft vated with ditching machines, backhoes, bulldozers, or
materials or for deep excavations. pans, depending upon the required size and depth of the
trench. The minimum bottom width of a trench is about
Test pits may be dug by hand or by machine. Power0.6 to 0.9 m (2 to 3 ft), although this dimension is some-
excavating equipment, such as backhoes, trenchingimes greater because of the use of power equipment,
machines, draglines, clamshells, large-diameter buckesuch as bulldozers and pans. As the trench is deepened,
augers, or bulldozers, may be used for rough excavatiorthe sides must be sloped, step cut, or shored to prevent
of test pits to a distance of about 0.6 m (2 ft) from the caving, similar to the procedures that must be used for
proposed sample. The final excavation of samples mustexcavating deep test pits. Final excavation in the vicinity
be carefully made with hand tools, such as picks, shovels,of the intended sample must be performed carefully by
trowels, and buckets. Deeper pits must be started withhand.
sufficient dimensions to allow for shoring or sloping of
the sides to prevent caving. The depth of the pit and the c. Accessible borings Although accessible borings,
type and condition of the soil generally dictate the type of including shafts, tunnels, drifts, and adits, are not used
support system, such as sheeting, sheet piling, bracingextensively today because of the high costs of drilling
shoring, or cribbing, which is needed. General guidanceoperations, large accessible borings are sometimes
for design of a support system is presented by Winterkornrequired for inspection, sampling, or testing of selected
and Fang (1975). Shoring must be installed progressivelystrata by geotechnical personnel. The minimum diameter
as the pit is deepened. The space between the walls ofor the boring is about 0.6 m (2 ft), although larger
the pit and the support system should be kept to a mini-dimensions may be necessary to provide ample working
mum; this space may be backfilled with hay or excelsior. space. The depths of accessible borings may be consid-
erably deeper than the depths of test pits or trenches.
Care must be exercised in excavating the area near th®&ecause of the unknown conditions that may be encoun-
intended sample or test. The limits of the sample shouldtered underground, a means for detecting poisonous gas
be outlined with a pick and shovel. The material near the should be provided before personnel are allowed to enter
proposed sample should be excavated to a depth abouhe accessible boring. Air should be ducted to the bottom
25to 50 mm (1 to 2 in.) below the bottom of the of the hole.
intended sample. The excavated zone should be trimmed
relatively level and be sufficiently large to allow adequate Power-auger drills are frequently used to advance bore-
working space for obtaining the sample. A pedestal of holes in most soils and soft rock (see Chapters 7 and 8).
soil, roughly the shape of the sample and about 25 mmSteel-tooth single tube core barrels (calyx-coring equip-
(1 in.) larger in each dimension, should be left undis- ment) are sometimes used when hard, stiff, or frozen soll
turbed for final trimming. or rock is encountered. A shot or calyx hole is drilled
with a large heavy-walled steel tube that is equipped with
Excavated material should be placed at a horizontal dis-a slotted bit made of mild steel. The top of the single-
tance from edge of the pit not less than the anticipatedtube barrel is attached to heavy drill pipe by a thick circu-
maximum depth of the pit. Excavated material should be lar head plate. The head plate has a hole at its center for
placed in orderly fashion around the pit to facilitate the passage of drilling fluid. A deflector plate which is
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used to deflect the steel shot and drilling fluid to the wide by 2.1 m (7 ft) high, although these dimensions may
periphery of the sample is located immediately below the be increased to meet the requirements of power-
head plate. A sludge barrel is sometimes attached abovexcavation equipment. The excavation of tunnels, which
the core barrel to catch the cuttings. Two types of bits is usually very slow and expensive, may be conducted by
are commonly used. One type of bit consists of a secondmucking machines or by drilling and blasting. If drilling
tube which is welded to the interior wall of the lower and blasting are used to advance the tunnel, the disturbed
portion of the core barrel. The other type of bit consists material caused by blasting should be carefully removed
of a heavy thick-walled pipe which is welded to the base to ensure that undisturbed samples are obtained. The
of the barrel. Slots are cut into the bit to facilitate the design of the support system for the tunnel should be
movement of shot to the bottom and the outside of the bit. made by a qualified, experienced professional.
The thickness of the shot bit may vary from about 2.2 to
3.5 cm (7/8 to 1-3/8 in.). A core catcher is not provided. 11-3. Sampling and Testing
The core can be recovered by a lifting hook which is
inserted into the sample through a hole that has beerThe following paragraphs describe various methods of
drilled in the center of the core. The core can also beobtaining soil samples from accessible excavations,
recovered by using a special core lifter which has beenincluding test pits, trenches, and accessible borings.
attached to the core barrel; the core lifter works similarly
to a conventional core catcher. The core barrel may also  a. Undisturbed samples Undisturbed samples are
have provisions for placement of powder charges andtaken to preserve as closely as possible the in-place dens-
conduit for blasting wires which may be necessary to ity, stress, and fabric characteristics of the soil. Although
separate the core from the formation. excavating a column of soil may relieve in situ stresses to
some degree, it has been demonstrated that hand sampling
During drilling operations, very hard steel shot are carried of certain soils, such as stiff and brittle soils, partially
by the wash water through the annulus formed by the corecemented soils, and soils containing coarse gravel and
and the core barrel to the slotted bit. As the barrel is cobbles, is perhaps the best and sometimes the only
rotated, shot is wedged beneath and around the bit ananethod for obtaining any type of representative sample.
crushed into abrasive particles. Some of the shot maylLarge block samples of these materials are suitable for
become embedded in the bit, which enhances the cuttingcertain laboratory tests, although smaller samples should
action. The rate of feeding the shot and the flow of water be used whenever the size of the sample does not
in the borehole are critical factors. If too much shot is adversely affect the test results. During handling and
introduced, the bit will ride on the shot. If too little shot shipping of undisturbed samples, it is important to mini-
is used, the advancement of the borehole is inefficient.mize all sources of disturbance including vibration, exces-
Likewise, too much water circulation will carry the shot sive temperature changes, and changes of water content.
away from the bit, whereas too little circulation will not
remove the cuttings effectively. The cuttings are caught (1) Cylinder with advanced trimming Before sam-
by the sludge barrel which is located above the corebarrelpling operations are begun, prepare the surface of the soll
as they drop from suspension. to be sampled as described in paragraph 11-2. After a
pedestal of soil has been excavated, center the cutting
Casing must be installed in boreholes more than 1.2 medge of the sampling cylinder on top of the pedestal. To
(4 ft) deep before anyone is allowed access to the holeobtain a sample, trim the soil for a short distance below
(EM 385-1-1). Corrugated steel pipe is an economical, the cutting edge of the cylinder and then advance the
lightweight casing for relatively stable soils above the cylinder by applying a slight downward pressure. Alter-
water table; in deep borings or in soft materials, heavy nating trimming and advancing of the cylinder should be
steel casing may be required. The borehole can be loggedontinued until the top of the sample extends approxi-
from cuttings as the hole is advanced or from samples ormately 12 mm (1/2 in.) above the top of the cylinder.
visual examination of the walls and bottom of the bore- During the trimming and sampling procedure, the sample
hole at regular intervals. Windows may be cut in the should be trimmed as closely as possible to its final diam-
casing for inspection, sampling, or testing of the materials eter without actually cutting into the intended sample; the
along the sidewalls of the hole as required by the testingfinal cutting of the sample is made by the advancement of
program. the cutting edge of the cylinder without wiggling or
change in direction. When sufficient material has been
An exploratory tunnel is usually rectangular shaped; mini- extended above the top of the cylinder, the sample should
mum dimensions are typically of the order of 1.5 m (5 ft) be cut from the pedestal of soil below the bottom of the

11-3



EM 1110-1-1906
30 Sep 96

cylinder, trimmed flush at both ends of the cylinder, and of the box by placing screws in predrilled holes. The top
sealed for shipment to the laboratory. and bottom should never be attached to the sides of the
box with a hammer and nails because the vibrations
The GEI sampler (Figure 11-1) incorporates the advancedcaused by hammer blows may cause severe disturbance to
trimming technique for obtaining a soil sample. The the sample. Figure 11-2 shows block samples in various
unique feature of the GEI device is a tripod holder that stages of trimming and sampling.
minimizes wiggling or change of direction during the
advancement of the tube. Marcuson and Franklin (1979)Tiedemann and Sorensen (1983) suggested an alternative
reported that very high-quality samples of dense Savannalmethod for trimming block samples. They reported that
River sand were obtained by using the GEI sampling soils sampled successfully using the chain-saw method
apparatus. The test data indicated that although onlyincluded a weathered shale between layers of sound sand-
modest differences in sample densities existed betweerstone and a highly slickensided, desiccated fat clay; they
samples obtained with the GEI sampler and a fixed-pistonstated that it had not been possible to sample either of
sampler, a dramatic difference in resistance to cyclicthese soils using conventional hand-trimming methods.
loading was observed. Marcuson and Franklin concludedTiedemann and Sorensen also reported that the chain-saw
the differences of cyclic strengths were due to better method was less tedious and less time-consuming than
preservation of the in situ structure. conventional hand-trimming methods. The chain-saw
technique of trimming samples was reported to be three to
(2) Block or cube samples To obtain a cube or four times faster than conventional hand-trimming tech-
block sample, prepare the surface of the soil to be sam-iques. It was stated that the chain saw was of a standard
pled as described in paragraph 11-2. Excavate a pedestalesign except that carbide tips had been brazed to the
of soil that is slightly larger than the dimensions of the cutting teeth to enhance the cutting of the soil sample.
box or container into which the sample is to be placed. A
knife, shovel, trowel, or other suitable hand tools should Block samples to be tested at the site should be cut to
be used to carefully trim the sample to about 25 mm sizes dictated by the individual tests to be performed.
(1 in.) smaller than the inside dimensions of the box. As Samples to be used for water content determination may
the sample is trimmed to its final dimensions, cover the be broken from the corner of large block samples. Sam-
freshly exposed faces of the sample with cheesecloth angles to be tested at the site may be coated with a thin
paint with melted wax to prevent drying and to support brush coating of wax or reinforced with cheesecloth and
the column of soil. After the block of soil has been wax, as necessary, to prevent the sample from drying or
trimmed but before it has been cut from the underlying to prevent damage caused by excessive handling.
material, place additional layers of cheesecloth and wax to
form a minimum of three layers, as presented in ASTM D (3) Push samplers Several hand-operated open- or
4220-83 (ASTM 1993). A 1:1 mixture of paraffin and piston-samplers are available for obtaining undisturbed
microcrystalline wax is better than paraffin for sealing the samples from the ground surface as well as from the
sample. A sturdy box should be centered over the samplavalls and bottom of pits, trenches, or accessible borings.
and seated. Loose soil may be lightly tamped around theThe hand-operated open sampler consists of a thin-wall
outside of the bottom of the box to align the box with sampling tube affixed to a push rod and handle. The
respect to the soil sample and to allow packing material piston sampler is similar to the open sampler except a
such as styrofoam, sawdust, or similar material to bepiston is incorporated into the design of the device. The
placed in the voids between the box and the soil sampleprocedures for operating these samplers are similar to the
Hot wax should not be poured over the sample. After the procedures for open samplers or piston samplers in rotary
packing material has been placed around and on top ofdrilling operations, as described in Chapter 6. Hand-
the sample and the top cover for the box has beenoperated push samplers may be used to obtain samples in
attached, cut or shear the base of the sample from thesoft-to-medium clays, silts, and peat deposits at depths of
parent soil and turn the sample over. After the sample6 to 9 m (20 to 30 ft) or more.
has been trimmed to about 12 mm (1/2 in.) inside the
bottom of the box, the bottom of the sample should be b. Disturbed samples Disturbed samples may be
covered with three alternating layers of cheesecloth andobtained from test pits, trenches, or accessible borings.
wax. The space between the bottom of the sample andisturbed, representative samples of soil are satisfactory
the bottom of the box should be filled with a suitable for certain laboratory tests including classification, water
packing material before the bottom cover is attached. Thecontent determination, and physical properties tests. For
top and bottom of the box should be attached to the sidescertain soils such as very soft clays or gravelly soils,
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undisturbed samples may be impossible to obtain. Pro-of materials for shipment and storage are presented in
vided that the unit weight and moisture content of the soil Chapter 13 and in ASTM D 4220-83 (ASTM 1993).
in place can be estimated or are known, it may be permis-
sible to perform certain laboratory tests on specimens b. Records Although there is no single procedure
remolded from samples of disturbed material. for recording the data, the record should reflect all details
of the investigation. Pertinent data, including the name of
To sample a particular stratum, remove all weathered andthe project, job or contract number, samples obtained,
mixed soil from the exposed face of the excavation. tests conducted, etc., must be recorded on data sheets.
Place a large tarpaulin or sheet of plastic on the bottom ofThe methods used for excavation along with a description
the test pit or accessible boring. With a knife or shovel, of the equipment, an observation of procedures, and an
trench a vertical cut of uniform cross section along the evaluation of the effectiveness of excavation procedures
full length of the horizon or stratum to be sampled. The are necessary to permit the evaluation of the overall pro-
width and depth of the cut should be at least six times thegram. The location or position of each borehole, test pit,
diameter of the largest soil particle sampled. Collect the trench, sample, or test should be clearly located horizon-
soil on the tarpaulin. All material excavated from the tally and vertically with reference to an established coor-
trench should be placed in a large noncorrosive containerdinate system, datum, or permanent monument. The
or bag and preserved as a representative sample for thadepth of each major change in soil character and a
stratum. An alternative sampling procedure consists ofdetailed description of each major stratum should be
obtaining a composite sample of two or more soil strata;recorded. Be sure to note stratifications, structural and
if samples from certain strata are omitted, an explanationtextural features, color, hardness, density, grain size, per-
must be reported under “Remarks” on the log form. Sam-cent by volume of cobbles and boulders, etc., of the stra-
ples obtained for determination of water content may betum. Include methods of stabilizing the excavation.
placed in pint glass or plastic jars with airtight covers; the Maps or sketches with accurate descriptions and photo-
sample should fill the container. graphs are extremely helpful for documenting the record
of the site investigation. Each soil sample or test should
To obtain samples from quarries, ledges, or riverbankbe numbered. The number and type of sample containers
sands or gravels, use the procedures for obtaining disshould also be shown on the appropriate data sheet(s). If
turbed samples which were discussed in the precedindield tests are performed, a data sheet for each test must
paragraphs. Channel the face vertically to obtain samplese prepared giving pertinent data such as weight, volume,
representative of the formation. Take care to ensure thadensity, and water content. All data sheets should be
overburden or weathered material is not included as adated and signed by the crew chief or technician perform-
portion of the sample. ing the operation. Additional guidance for the preparation
of field records is given in Chapter 13.
11-4. Preservation of Samples and Test Records
11-5. General Safety Considerations
a. Preservation, shipment, and storage of samples
Undisturbed samples to be tested in the laboratory mustSeveral safety considerations with respect to the inspec-
be packaged to prevent any disturbance that will affecttion and sampling or testing of formations exposed by
test results. Block samples or samples obtained by theexcavations for test pits, trenches, and accessible bore-
trimming and advancement technique must be marked andoles or tunnels should be addressed. Although the
stored in a vertical orientation. Disturbed samples shouldaccompanying list does not address every situation, the
be placed in a bag or a corrosion-resistant container anduggestions can be used as general guidance to develop a
preserved as a representative sample for the particulachecklist of safety considerations for each site
stratum of material. If a container is used, identification investigation.
of the contents should be marked directly on the exterior

of the container; do not mark the lids of containers e Prior to conducting any excavation, underground
because they may be inadvertently interchanged. If the installations such as gas, telephone, water, and
natural water content of the sample is to be preserved, the electric lines must be located and plainly staked.

container must be waterproof. For shipment, each sample
should be packaged to prevent damage, such as excessive ¢ Shallow, i.e., less than 1.2 m (4 ft), test pits and

vibrations, loss or mixing of materials, temperature trenches in stable soil can generally be excavated
extremes, or change of water content, which could affect without support of the walls. However, a support
test results. Additional details regarding the preservation system, i.e., sheet piling, bracing, shoring, and/or
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11-6

cribbing, or sloping walls is required for excava-
tions deeper than 1.2 m (4 ft) (EM 385-1-1). The
support system must be designed by a profes-
sional engineer experienced in that type of work.

Before entering a test pit or trench, inspect the
sidewalls and install cribbing or shoring or slope
the wall of the excavation, if necessary. Remove
loose material that could fall into the excavation.

Provide ladders, stairs, or ramps, as necessary, to
access the pit or trench. For boreholes, a cage or
boatswain chair should be used to lower person-
nel into the hole. The chair should have two
lines; the second line is used as a safety line.

The test pit or borehole should be properly venti-
lated. Exhaust gases from engines should be
directed away from the air intake. A means for
detecting poisonous gas should also be provided.

Groundwater (surface water) should not be per-
mitted to accumulate in excavations. After rain-

storms, excavations should be inspected by a
qualified person to assess the sidewalls for possi-
ble slides or cave-ins; shoring should be added or
changed, as necessary.

To prevent a hazardous loading condition that
could trigger a slide, the material excavated from

a test pit or trench should be placed at a distance
from the edge of the excavation not less than
1.2 m (4 ft) or the depth of the pit or trench,
whichever is greater.

Large-diameter borings or shafts should be cased.
In stable soils above the groundwater table, corru-
gated pipe is an economical method. For deep
borings or for boreholes in soft, unstable soils,

thick-walled steel pipe may be required. Inspec-
tion and sampling or in situ testing of the forma-

tion may be conducted using holes cut in the wall

of the pipe.

The support system for the walls and roof of a
tunnel should be designed by a professional engi-
neer experienced in that type of work.

Fences, barricades, covers, or warning lights
should be provided around excavations, as neces-
sary, to protect pedestrians, livestock, or vehicular
traffic.

Temporary excavations should be backfilled as
soon as possible after the work has been
completed.
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Figure 11-1. Photograph of the GEI sampler which incorporates
the advanced trimming technique for obtaining a soil sample
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Chapter 12 sampling specific units of material. Geotechnical
Sampling from Stockpiles and Bins personnel are encouraged to use imagination, common

sense, technical knowledge, and experience to develop a
plan for sampling the material which will permit the
acquisition of data of a quality necessary to satisfy the
specific engineering requirements.

Transportation Units, or Conveyor Belts

12-1. Introduction

Additional reading materials which are suggested as guid-
Sampling from stockpiles, storage bins, loaded freight carsance for developing a plan for obtaining representative
or trucks, and conveyor belts is unique. Because segregasamples of materials from stockpiles, bins, transportation
tion of the material may occur within the unit, especially units, or conveyor belts include ASTM C 50-86 (ASTM
for well-graded aggregates, samples should be obtained9g2b), C 702-87 (ASTM 1992a), D 75-87 (ASTM
only if proper sampling techniques and intervals or loca- 1992a, 1992b, 1993), D 3665-82 (ASTM 1992b),

tions are considered and employed. The principal objec-E 105-58 (ASTM, 1992c), E 122-89 (ASTM 1992a), and
tives which must be considered include obtaining samplesRoberts et al. (1991).

that are representative of the mass of material, or obtain-
ing samples to document the variability within the mass, 12.2. Sampling Plan
or both. The volume or mass of a representative sample
should be large enough not to be affected by the variabil-when the contents of stockpiles, storage bins, loaded
ity of small units of the bulk material; by contrast, the freight cars or trucks, or conveyor belts are sampled, the
volume of a random sample should be small enough suchaws of chance dictate that a few particles may be
that Significant variability within the unit is not masked. unequa”y distributed among Samp|es which are smaller
With other factors constant, larger samples will tend to be than the whole unit. However, a properly designed sam-
more representative of the total. In most cases, samplgling plan will tend to minimize the effects caused by
disturbance is unimportant. sampling errors. Samples should be taken at random with
respect to location, time, or both, to minimize any bias on
If significant variability of one or more specific parame- pehalf of the person obtaining the samples. Samples may
ters for the respective sampled units is found to exist,pe examined individually to assess the variability of the
regardless of whether samples were obtained for assessmaterial or combined to form a representative sample. If
ment of variability or uniformity of bulk material, a sta- power equipment is available, the bulk material should be
tistical study should be considered as a means forsampled from its top to its bottom. If power equipment is
interpreting the test results. A suggested method isunavailable, samples should be obtained at several loca-
described in ASTM E 122-89: “Standard Recommendedtions or increments of time. Because certain materials
Practice for Choice of Sample Size to Estimate a Measuretend to segregate as a result of handling, care is necessary
of Quality for a Lot or Process” (ASTM 1992c). Accord- to ensure that samples do not contain a disproportionate
ing to ASTM E 122-89, two approaches can be used:share of material from the top or bottom layers of the
(a) determine the number of samples required to meet aynjt. ASTM D 3665-82: “Standard Practice for Random

prescribed precision, or (b) determine the precision whichsampling of Construction Materials” (ASTM 1992b)
can be estimated based upon the number of availablgyrovides additional guidance.

samples. Based upon this ASTM specification, an esti-

mate of an average characteristic or parameter of the bulkro satisfy the requirements for obtaining samples at ran-
material may be made. dom which, by definition, is the product of a definite and

willful effort to produce disorder, several criteria should
Because of the difficulty of devising a comprehensive be considered. All units, i.e., a stockpile, storage bin,
sampling plan to obtain a few representative samples tofreight car or truck, or material on a conveyor belt, should
assess the characteristics of bulk material, a general sambe defined by some rule or number to ensure that random-
pling plan does not exist. Each sampling plan must beness is satisfied. Every portion of a unit must have a
devised to satisfy the requirements of the specific study.nonzero chance of selection with respect to location, time,
The suggestions which are presented in paragraph 12-2r both. The probability of selection of a given unit, area,
regarding a sampling plan are intended for guidance only.or zone of material must be known. Each sample of
It is hoped that these suggestions will stimulate ideas formaterial must be weighted in inverse proportion to its
developing better and more comprehensive plans forprobability of selection.
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Before a good sampling plan can be developed, the probtime when samples are to be obtained. All materials
lem and objectives of the sampling operation should bewithin the cross section of the conveyor belt, including
identified.  Information about relevant properties, i.e., fines, should be carefully sampled. A similar procedure
gradation of the material, percent passing the U.S. Stancan be used for sampling a windrow of material; the
dard Sieve No. 200 (0.074 mm) sieve, water content of principal difference is that the time variable for the con-
the coarser as compared to the finer fraction of theveyor belt should be replaced by the length of the
material, etc., should be collected. A number of potential windrow.
plans for sampling the material should be evaluated.
Costs, difficulties of obtaining samples, types and avail- c. Storage bins Two options are available for sam-
ability of sampling equipment, and the required number of pling the contents of storage bins. The material may be
samples or the desired precision of data, and the represersampled as it is removed from storage bins through
tativeness or randomness of samples should be considehutes, hoppers, or conveyor belts. The other option
ered. The potential plans should be evaluated, and theconsists of sampling within the confines of the storage
most desirable plan should be selected. Upon the com-in; samples should be obtained at various locations and
mencement of the sampling operations and again as thelepths within the material. To obtain samples from a
preliminary data are evaluated, the preceding steps should¢onveyor belt or chute, follow the procedures for random
again be reconsidered. Suggested sampling plans fosampling with respect to time that are given in para-
obtaining representative samples based upon locatiorgraph 12-B. If samples are obtained from within the
and/or time increments for specific engineering purposesstorage bin, follow the guidance for sampling loaded
follow. freight cars and trucks. If power equipment is available,
samples should be obtained from random depths and
a. Loaded freight cars or trucksFor loaded freight locations; the sampling plan should ensure that a dispro-
cars or trucks, determine the number of samples requirecportionate volume (mass) of the top or bottom layers of
and estimate the number of freight cars or trucks which material is not obtained. If power equipment is unavail-
will be used to transport the material. Establish suitable able, obtain samples from a horizontal cross section of
criteria for sampling the material at all locations within material at a reasonable depth below the surface of the
the respective transportation units. Use random numbersnaterial.
to determine which transportation units will be sampled
and the location within the respective units in which sam- d. Stockpiles To obtain samples of the material in a
ples will be obtained. For example, a truck which is stockpile, the use of power drilling and sampling equip-
loaded with bulk material may be arbitrarily divided into ment is more desirable than obtaining samples by hand.
four equal quadrants, as determined by a plan view of theEstablish a plan for sampling the contents of the stockpile
truck box. Based upon the proposed sampling plan, useat various locations and depths similar to the procedures
random numbers to determine which truck(s) will be which were given in the example for sampling transporta-
sampled; repeat the process to determine which quadrantion units. By the use of random numbers, select zones of
of material in a specific truck will be sampled. If power material to be sampled. If power equipment is unavail-
equipment is available, a cross section of material shouldable, develop a plan for sampling the material at random
be obtained for the full depth of the material. If power locations along the periphery of the pile. For example,
equipment is not available, obtain samples from a hori- zones of material located at elevations of 1/3 and 2/3 or
zontal cross section of material at a reasonable depthl/4, 1/2, and 3/4 of the height of the pile as well as the
below the surface of the material. Within practical limita- top of the pile should be sampled. As a general rule, do
tions, sampling of bulk materials should be done in a not sample the bottom 1/4 of the stockpile because dispro-
manner which will prevent disproportionate shares of the portionate amounts of coarser material may have fallen to
top or bottom layers of material from being obtained. the base of the stockpile. Test results should be inter-
When packaged materials are to be sampled, assume thafreted cautiously; it is possible that materials in stockpiles
a stack of bags or containers is analogous to a quadrant omay have segregated.
the truck box and that depth corresponds to a particular
container within a specified stack of containers. e. Roadways To obtain record samples for quality
control of subbase or base materials for roadways, deter-
b. Conveyor belts For conveyor belts, determine mine the length of the foundation material and the number
the number of samples required and estimate the length obf samples required, similar to the procedures which were
time needed to transport the material on the conveyor beltsuggested for obtaining samples of materials in windrows
By the use of random numbers, determine the elapsedr on conveyor belts. The location with respect to the
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center line of the roadway can be treated as analogous t#s an alternative sampling plan, excavate three or more
the depth of material in a transportation unit or stockpile. trenches across the unit that will give a reasonable esti-
Select a random number to determine the station along thenate of the characteristics of the load. At least two
center line of the roadway; repeat the process to detershovelfuls of material should be obtained at random loca-
mine the location perpendicular to the center line of the tions from the bottom of each trench. Each shovelful of

roadway for obtaining the sample. material may be placed in a separate container or com-
bined, depending upon the requirements of the investiga-
12-3. Sampling Procedures tion. The number of increments or the size of each

sample can be adjusted accordingly to meet the require-
In general, it is more desirable to use power drilling and ments of the investigation. When bulk materials are
sampling equipment than small hand tools to obtain sam-sampled, sound judgment is required to ensure that dis-
ples of bulk material because a fairly large volume proportionate shares of segregated materials are not
(mass), i.e., 0.01 to 0.1 1{1/3 to 4 ff) or more, of mate-  obtained.
rial for each sample is often required. Furthermore, the
use of power equipment permits samples to be obtained at b. Conveyor belts Three locations can be used to
relatively great depths. Equipment, such as hollow- or sample the contents of a conveyor belt: the point of
solid-stem augers, drive samplers fitted with basket retain-discharge of material onto the conveyor belt, an interme-
ers, or various types of vibrator samplers affixed to a diate location on the conveyor belt, or the point of dis-
crane or cherry picker, has been used to sample bulkcharge of material from the conveyor belt. To sample at
materials. These types of drilling and sampling equip- the point of loading or discharge, a stream of material can
ment have been described in Chapters 3, 5, 6, 7, and &e captured. Care is required to ensure that the sampling
and therefore will not be discussed here. device intercepts the entire width of the discharge stream
and that material does not overflow the sampling device;
However, if drilling and sampling equipment is not avail- these precautions are necessary to reduce the potential for
able or cannot be used because of specific constraintssegregation of material which could result in misinterpre-
such as cost-ineffectiveness or inability to access storageation of the test data. If an intermediate point along the
bins or stockpiles with the power equipment, samples canconveyor belt is sampled, the full width of flow must be
be obtained by hand excavation. The remainder of thissampled. Insert two templates, shaped as the cross sec-
chapter presents guidance for obtaining representativaion of the conveyor belt, into the material to define a
samples of bulk material by hand-sampling techniques.  volume (mass) of material to be sampled. Scoop all
material, including fines, into a suitable container. Sam-
Methods and techniques for obtaining samples of geotechples should not be obtained from the initial or final dis-
nical materials which are stored in stockpiles or storagecharge from a storage facility or transportation unit; this
bins or loaded on freight cars or trucks are suggested inmaterial may be segregated.
the following paragraphs. Samples may be taken from
loaded freight cars or trucks; from conveyor belts deliver- c. Storage bins Two methods are available for
ing materials to or from stockpiles, bins, or transportation sampling the contents of storage bins: samples may be
units; from storage bins at the point of discharge or from obtained at the point of discharge from the storage facility
an exposed surface; from exposed surfaces of stockpilespr from an accessible location, such as the top of the
or from packaged materials. material stored in the facility. If samples of material are
obtained at the point of discharge, follow the procedures
a. Loaded freight cars or trucksTo obtain samples which are described in the paragraph for sampling the
of material from a transportation unit, select the zone of contents of a conveyor belt. If samples are obtained from
material to be sampled, as determined from the samplingan exposed surface of material, such as the top of material
plan which was discussed in the preceding paragraphsin a storage bin, follow the procedures which are
Excavate two trapezoidal-shaped trenches across the seglescribed in the paragraph on sampling the contents of
ment of the transportation unit to be sampled; the trenchegransportation units. The number of increments which are
should intersect to form a “cross” at the center of the sampled should be adjusted to the size of the storage bin
guadrant, as determined by a plan view of the transporta-and/or to satisfy the requirements of the investigation.
tion unit. The bottom of the trenches should be level and Individual samples can be examined to determine the
at least 0.3 m (1 ft) deep and 0.3 m (1 ft) wide. At five variation of material within the bin or combined for a
locations along the bottom of these two trenches, obtain arepresentative sample. Use judgment to ensure that
sample by pushing a shovel downward into the material.
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disproportionate shares of segregated materials are nopower drilling equipment is used, follow the methods and

obtained. procedures which are described in Chapters 5 through 8.
d. Stockpiles To sample the contents of a stockpile, f. Quarries and borrow pits To obtain samples of

select a zone along the periphery of the stockpile at someaggregates from quarries or bank-run sands or gravels,
point away from the bottom of the pile. Climb to a loca- follow the procedures which are discussed in the Chap-
tion about 1 m (3 ft) above the zone to be sampled.ters 5 through 8 if power-drilling and sampling equipment
Shove a form or several boards vertically into the stock-is used or Chapter 11 if samples are obtained by hand-
pile just above the zone to help prevent material from excavation methods, depending upon the requirements of
raveling down the side of the stockpile onto the material the investigation. Drill test holes or excavate to determine
to be sampled. After the form has been placed, removethe lateral and vertical extent of the deposit and its qual-
material from the surface of the stockpile to a depth of ity. The required depth of the samples will depend on the
about 0.3 to 0.6 m (1 to 2 ft) perpendicular to the original quantity and character of the material that is needed, the
surface of the stockpile. Obtain a sample by pushing anature and topography of the deposit, and the value of the
shovel into the material in a direction which is perpendic- material. If a visual examination of the material reveals
ular to the original surface of the stockpile. Repeat this that a significant variation of materials within the forma-
process to obtain the required number of samples or thetion exists, a specific plan for sampling the materials, i.e.,
desired volume (mass) of material. For fine aggregates, itrandom locations to define the uniformity or variability of
may be possible to push or drive small-diameter samplingmaterial or specific locations to define an anomaly, should
tubes into the material to obtain samples. If sampling be considered.
tubes are used, remove the outer layer of material as
previously described; then push the sampling tube into thel2-4. Required Volume of Samples
material in a direction perpendicular to the original sur-
face of the stockpile. Samples should be taken at variousThe volume (mass) of each sample of material must be
levels and locations on the stockpile; individual samples tailored to satisfy the requirements for the investigation.
may be combined for a representative sample or placed irThe data in Table 12-1 can be used by geotechnical per-
separate containers to evaluate the variability of materialsonnel to estimate the weight of material which is
in the stockpile. As a general rule, do not sample the required to conduct a routine sieve analysis. If other tests
bottom or exposed surfaces of the stockpile because thare planned, the weight of material should be adjusted
coarser and finer particles may have segregated to accordingly.
greater degree at these locations.
12-5. Preservation of Samples and Test Records
A power-driven front-end loader may be used to obtain
sample(s) provided that care is taken to ensure that the a. Preservation of samples Samples should be
sample(s) is representative of the contents of the stock-placed in a noncorrosive container or bag and preserved
pile. If a front-end loader is used, a sampling plan should as a representative sample for the particular zone or stra-
be devised which satisfies all of the requirements whichtum of material. If the natural water content of the
have been identified for hand-sampling methods; thesample is to be preserved, the container must be water-
principal difference is merely the volume (mass) of soil proofed. For shipment, each sample of material should be
obtained by the front-end loader as compared to hand-packaged to prevent damage, such as loss or mixing of
sampling methods. According to the data presented inmaterials, freezing of aggregates, or change of water
Table 12-1, a volume of material as large as 021(#nft%) content, which could affect test results. Details for pre-
could be required, depending upon the gradation of mateserving and transporting soil samples are presented in
rial; this volume of material is negligible when compared Chapter 13; additional guidance is offered in ASTM D
to the volume of material which can be moved in the 4220-83 (ASTM 1993).
bucket of a power front-end loader. Hence, the use of the
front-end loader for obtaining representative samples of b. Test records All pertinent data, including the
materials from a stockpile may not be as feasible as handproject name, job or contract number, and the location of
sampling techniques. the respective samples, must be recorded on data sheets.
The location of a sample should be referenced to a

e. Roadways For quality control of subbase or base permanent control, whenever possible. A detailed
materials for roadways, use hand-sampling techniquesdescription of the method(s) used to obtain each sample
which are described in this chapter or in Chapter 11. If should be recorded. Each soil sample should be
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numbered and identified by visual techniques which aretransportation units, or on conveyor belts. In addition to
described in Appendix E; the sample number and a visualthe normal precautions required for working in the prox-
description of the material should be written on the dataimity of power equipment, the use of dust-control masks
sheet as well as on a tag attached to the sample containemay be needed when sampling bulk materials. Personnel
The type of sample container should also be noted. Ifare also advised to use caution when sampling the con-
field tests are performed, a data sheet for the various testsents of storage bins or stockpiles; these materials may
must be prepared giving all pertinent data which were slough without warning. Supervisory and/or safety per-
determined. All data sheets should be dated and signedonnel should inspect and approve all techniques and
by the crew chief or technician performing the operation. procedures which are used to gain access to a particular
Other details pertaining to test records are presented irzone of material within a stockpile or storage bin.

Chapter 13.

12-6. Precautions

Caution should be exercised by personnel involved in
sampling of material in stockpiles, storage bins,
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Table 12-1

Minimum Field Sampling Masses (after ASTM D 75-87)

Nominal Size of Aggregate

Minimum Mass of Sample, kg

No. 8 (2.36 mm)
No. 4 (4.75 mm)

9.5 mm (3/8 in.)
12.5 mm (1/2 in.)
19.0 mm (3/4 in.)
25.0 mm (1 in.)
37.5 mm (1-1/2 in.)
50 mm (2 in.)

63 mm (2-1/2 in.)
75 mm (3in.)

90 mm (3-1/2 in.)

Fine Aggregate

Coarse Aggregate

10 (25 Ib)
10 (25 Ib)

10 (25 Ib)
15 (35 Ib)
25 (55 Ib)
50 (110 Ib)
75 (165 Ib)
100 (220 Ib)
125 (275 Ib)
150 (330 Ib)
175 (385 Ib)
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Chapter 13 these samples. Group D samples are similar to the Group
Handling and Storage of Samples C samples except they are very fragile or highly sensitive.

and Sampling Records Laboratory tests, similar to the tests for Group C samples,
can be conducted on these samples.
Depending upon the type of sampling device and the
13-1. Introduction intended purpose of the samples, similar procedures are
required for handling and storage of all groups of sam-
Frequently, the driller and the inspector are the only ples; the principal difference is the degree of disturbance
people who witness the drilling operations and the which is permitted. Because the emphasis of many sam-
material brought to the surface. Both must work closely pling operations is directed towards obtaining high-quality
together to identify, preserve, and record any changes ofyndisturbed samples, i.e., Group C or Group D samples,
material and conditions. These records, which inC'Udethe guidance which is presented in this Chapter is primar-
both the preserved soil samples and the written field logs,jly directed towards undisturbed sampling operations.
provide fundamental facts on which all subsequent con-However, this information is also applicable for Group A
clusions are based, such as the need for additional exploor Group B Samp|es] i_e_, disturbed Sarnp|es; the require-

ration or testing, feaSIbl'lty of the site, cost and method of ments for preventing disturbance to the samp|e31 such as
construction, and evaluation of structure performance. Inshock or vibration, are simply relaxed.

addition, these records may also be needed to delineate
accurately a change of conditions with the passage of a. Removal of sample from sampling devicAfter
time, to form a part of contract documents, or to serve asthe sampling device has been withdrawn from the bore-
a basis for evidence in a court of law. hole, the sampling tube should be disconnected from the
sampler without shocks or blows. The gross length of the
The inspector is usually assigned the tasks of identifying sample, which is a good indicator of sample condition,
and labeling the samples, preparing the samples for transshould be determined to the nearest 3 mm (0.01 ft). If
port and storage, and maintaining a written record of thethe sample is stored in the sampling tube, a small repre-
materials and conditions encountered.  Although the sentative sample from the bottom of the sample should be
inspector’s tasks must necessarily be tailored to the spetrimmed and placed in a glass jar and sealed. The net
cific investigation, this chapter provides general guidance|ength of sample should be determined to the nearest
which can be used by the inspector to ensure that sampleg mm (0.01 ft), and the portion of tube to be sealed
are preserved and that a factual, clear, and complete set o§hould be thoroughly cleaned before the sample is sealed.
records are obtained. It should be noted that for specificFor open-tube samplers, sludge which has accumulated on
sampling operations, such as undisturbed or disturbedop of the sample should be removed before the length of
sampling operations on land or nearshore, additionalthe sample is determined. For piston samplers, any space
information for handling and storage of samples and petween the piston and sample, or any movement of the
sampling records has been reported in Chapters 6, 8, 10piston or piston rod as the clamp is released should be

11 and 12. noted. If water or driling mud is located between the
. piston and the sample, note the distance between the
13-2. Handling and Storage piston and sample and the volume of water, if possible.

For the purposes of handling and storage, it is suggestegor samples which are extruded from the sampling tube,
in ASTM D 4220-83 (ASTM 1993) that soil samples can the sludge and drilling mud should be cleaned from the
be divided arbitrarily into four groups. Group A samples sampling tube, and the gross length of the sample should
are obtained for visual classification purposes only. pe determined before the sample is extruded. After the
Group B samples are obtained for water content and clasyndisturbed sample has been extruded, the gross length of
sification tests. Bulk samples which are obtained for the Sampie should again be measured, a small representa-
engineering properties tests, such as strength, deformationjve sample should be trimmed from the bottom of the
and permeability tests, on remolded or reconstituted specisample and placed in a glass jar and sealed, and the net
mens are also classified as Group B samples. Group Qength of the sample should be determined. To minimize
samples include intact, naturally formed, or field- or prevent additional disturbance as the sample is
compacted samples which are frequently described asxtruded from the sampling tube, the barrel should be

“undisturbed.”  Engineering properties tests, similar to held horizontally and the sample should be extruded
those described for Group B soils, can be conducted on
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directly onto a half-section tray in the direction that it depth of the respective samples. The depth to the top and
entered the barrel. A hydraulic-pressure extruder is pref-the bottom of the sample should be recorded to the
erable to a mechanical extruder; a pneumatic-pressurenearest 30 mm (0.1 ft). Sectioned liners or jar samples
extruder should not be used. The advantages of extrudinghould be identified as a subsample, such as 1a, 1b, 1c,
the sample from the tube include reusing the sampling2a, 2b, and 2c. Care should be exercised to ensure that
tube, avoiding increased adhesion of the sample to thethe correct orientation i.e., top and bottom, of all samples
tube with time, minimizing the potential for corrosion of is maintained and that samples are marked accordingly.
the metal sampling tube and chemical change on theSectioned liners should be marked to permit orientation of
periphery of the sample as a result of contact with the segments for examination of stratification or for determi-
metal tube, minimizing the potential for migration of pore nation of the strike and dip.
water by separating the sample by material type and by
removal of seriously disturbed portions of the sample, andSamples should be identified with tags, labels, or other
recording more detailed descriptions of soil type and suitable markings, such as writing on the sample tube
stratigraphy. The disadvantages include the increasedvith paint or permanent marker or etching the sample
potential of sample disturbance as a result of additionaltube. Label tags should be marked with nonfading, per-
handling and drying of the sample. The costs due tomanent ink and protected with a coating of wax. For
extruding and sealing the samples in other containersdisturbed samples such as bulk samples, a waterproof
could be somewhat higher than costs for sealing the samidentification tag should be placed inside the container
ples in the sampling tubes. before it is sealed; the sample identification data should
also be marked on the outside of the container. For jar

b. Identification of soil One of the responsibilities samples, labels should be glued to the outside of the
of the inspector is to identify the soil type and to note container (not the lid). Waterproof, duplicate tags should
when changes of soil or stratigraphy occur. A record of always be placed inside the sample container. An exam-
all major changes in the character of the sail, including its ple of two types of tags (ENG Forms 1742 and 1743) for
classification, color, water content, consistency, etc., mustlabeling and identifying soil samples are presented in
be made. Descriptions of the soil should be based uporFigure 13-1.
the visual examination of samples taken from each stra-
tum and should be consistent with the procedures inRegardless of the quality or quantity of samples, samples
Appendix E. For example, a sample may be described asare worthless if inadequate or conflicting identification
a dense, tan, wet, uniformly-graded, subrounded, mediumand labeling of samples occur. The inspector must ensure
sand with occasional clay lenses. Most importantly, be that each sample is labeled consistently with the data in
consistent with the visual descriptions, even if they do notthe boring logs. Samples should be identified with the
agree with the soils classifications determined in the following information:
laboratory.

» Project name or number and location.

If the sample is extruded, the stratigraphy can be based
upon a visual examination of the core and the classifica- » Sampling date.
tion of a representative sample; if the sample is not
extruded, the stratigraphy of the sample must be based <« Boring number, sample number, depth/elevation.
upon a description of the soil at the top and bottom of the
tube. Changes that occur in zones not sampled can usu- < Soils description.
ally be determined by a conscientious, capable geotechni-
cal driller by the action of the drill rig and bit and » Gross and net lengths, sample orientation, and
changes in the drilling fluid return. When changes are method of sampling.
detected, the penetration of the bit should be stopped, the
depth should be determined to the nearest 30 mm (0.1 ft),

Special instructions, problems, observations, or

and a sample should be taken. This step ensures that a general remarks.
sample of each stratum is obtained before additional
changes are encountered. d. Preservation of samples To ensure the success

of the laboratory testing program, preservation of the

c. Labeling samples As samples are removed from inherent conditions of the soil samples is critical. In
the respective borings, they should be numbered by boringgeneral, the first step towards preserving the sample is to
and consecutive order, such as 1, 2, and 3, and by theseal it in a sturdy container. Depending upon the pro-
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posed use of the soil sample, as indicated by Groups Afor preliminary examination and laboratory classification
through D, suitable containers as well as the method fortests without breaking the seal of the undisturbed sample.
sealing, shipping, and storing the containers should be
selected which will prevent the loss of soil moisture, If the sample is preserved in the sampling tube or liner,
prevent differential movement between the container andthe ends of the tube can be sealed using several different
the sample, and minimize the potential for chemical techniques. One of the most common methods consists of
change, as indicated by the presence of rust, mold, omechanically expanding an O-ring which has been placed
fungus on the periphery of the sample. Several methodsbetween metal or plastic disks against the inside wall of
are suggested in the following paragraphs. Ultimately, the sampling tube. Plastic, rubber, or metal caps can be
however, the procedures or requirements for preservingplaced over the end of the thin-walled tube or liner and
and/or sealing the soil samples should be defined by asealed with waterproof plastic tape, friction tape, duct
designated responsible person or included in the projectape, or wax. Another method consists of placing 25-mm-
specifications. (1-in.-) thick prewaxed wooden disks or 2-mm- (1/16-in.-)
thick metal or plastic disks inside the sampling tube or
Group A samples, which are obtained for visual classifi- liner and sealing with wax or caps and tape, or both.
cation purposes, can be preserved and transported in any
type of container that meets minimum requirements to If the sample is extruded from the sampling tube, samples
prevent sample loss during transport and storage. Smalare commonly coated with wax or cheesecloth and wax
representative samples can be placed in glass or plastiand placed in sturdy containers. Smaller samples should
jars; bulk samples can be stored in heavy-duty plasticbe painted with several light coats of wax to minimize
bags or in tightly woven, mildew-resistant cloth, canvas, penetration of the wax into the voids of the specimen and
or burlap bags. then dipped into liquid wax to obtain a layer of wax
approximately 3 mm (0.1 in.) thick. If a thicker/stronger
Group B samples, which are disturbed samples obtainedvax coating is needed to protect the sample, cheesecloth
for water content, classification, or engineering tests oncan be wrapped around the sample before it is dipped into
reconstituted specimens, must be preserved and tranghe liquid wax. For larger or more porous or coarse-
ported in sealed, moisture-proof containers. Containersgrained samples, cheesecloth should be placed on the
must be of sufficient strength to assure against breakagesample before it is painted with wax; this procedure will
and meet the minimum requirements of the transportinghelp to prevent wax from migrating into the voids of the
agency. Suitable containers include plastic bags, glass osample. After the sample has been placed in a sturdy
plastic jars or buckets, or carton containers. Buckets, jarscontainer, the annulus between the sample and the con-
and other carton containers should be sealed with lidstainer should be filled with wax or foam packing material
with rubber-ringed seals, tape, microcrystalline waxes, for additional protection for the sample.
etc., or combinations thereof; thin-walled sample tubes or
liners should be sealed with expandable packers, capsAn alternative procedure for preserving extruded samples
tape, waxes, etc.; and bulk samples should be sealed ifs to place the sample in a carton container and fill the
heavy-duty plastic bags or wrapped with alternating layersannulus between the sample and the container with wax.
of cheesecloth and wax. If this procedure is used, the wax coating may not be as
tight as for dipped samples. Furthermore, care is neces-
Group C and Group D samples, which are commonly sary to ensure that voids do not exist between the sample
referred to as undisturbed samples, must be protectednd its container after the sample has been sealed. If the
from changes of water content, shock, vibration, tempera-annulus is not filled, the sample is improperly sealed;
ture extremes, and chemical changes. Undisturbed samédisturbance could result from a change of water content or
ples can be preserved in sample tubes or liners or can bstructural damage to the sample, a chemical change or
extruded, coated with wax and/or cheesecloth and wax,growth of mold or fungus on the periphery of the sample,
and sealed in sturdy containers, such as wooden boxesr corrosion and deterioration of the sample container.
carton containers, or glass or plastic jars or buckets.
Before the undisturbed sample is sealed in its container, d_arge, undisturbed block samples should initially be cov-
small representative sample of soil should be removedered with cheesecloth and then painted with one or two
from the bottom of the sample, placed in a wide mouth light coats of wax and then covered with at least two
jar, and sealed with rubber-ringed lids or lids with a additional alternating layers of cheesecloth and wax.
coated paper seal. The soil in the jar sample can be usedfter the sample has been placed in a suitable container,
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such as a wooden box, the annulus should be filled withThe less obvious effect is the potential change of the
wax or other suitable packing material. The top of the chemistry of the pore fluid and the influence of this
box should be attached to the container with screws orchange on the engineering behavior of test specimens. To
hinges and latches; driving nails to attach the top to theminimize the potential for chemical change, as inferred by
box disturbs the sample because of shock and vibrations. the presence of corrosion on the sample tube and caps,
the tube and the caps for sealing the tube should be made
A variety of waxes are available for sealing tubes and of plastic or noncorrosive metal or coated with a hard,
containers. The most commonly used waxes includesmooth lacquer. The tubes and caps should be of the
microcrystalline wax, paraffin, beeswax, ceresine, carnau-same metal or electrically inactive metals to avoid elec-
bawax, or combinations thereof. For most applications, atrolysis. If plastic tubes or caps are used, a plastic mate-
combination of waxes, such as a | to 1 mixture of micro- rial should be used which does not contain constituents,
crystalline wax and paraffin, should be used for sealing such as heavy metals, that could adversely affect the
soil samples. To obtain a seal, the temperature of theresults of a chemical analysis of the soil sample.
wax should be limited to about 10 deg C (18 deg F)
above its melting point. If its temperature is too high, the e. Transporting samples Transporting samples to
wax will tend to penetrate the pore spaces and cracks ofthe laboratory may involve transit by a commercial carrier
the soil, whereas if its temperature is too low, the wax or by a Government-owned vehicle. As a minimum, the
will congeal before it has filled the annulus between the samples should be packed in containers which satisfy the
sample and the container. Qualitatively, an object, suchrequirements of the transporting agency, protect the sam-
as a pencil, which is inserted in wax at the proper temper-ples from disturbance due to shock, vibration, or tempera-
ature for coating samples will be coated with congealedture extremes, and prevent loss of samples due to damage
wax immediately upon its withdrawal; the coating will not or destruction of the container. The transportation of
bond to the object. However, if the wax is too hot, it will samples is also subject to regulations established by the
appear clear and bond to the object. U.S. Department of Agriculture, Animal and Plant Health
Service, Plant Protection and Quarantine Programs, and
Although wax is commonly used for sealing soil samples, other federal, state, or local agencies. The length, girth,
limitations of its use should be recognized. First, the lossand weight of the containers for packing and shipping the
of moisture from undisturbed samples is undesirable samples should be considered and preplanned to ensure
because the engineering properties and, for certain soilsthat the necessary boxes and packaging materials are
the classification test results change as a result of aavailable. The top of the shipping crate (top of the sam-
change of water content. Unfortunately, wax seals are notples) should be marked “THIS END UP.” Special
impermeable, and soil samples will therefore tend to loseinstructions, descriptions, and labels for containers may
moisture during prolonged storage. It is sometimes desir-also be required when radioactive, chemical, toxic, or
able to weigh samples before and after sealing and beforether contaminated material is transported; the procedures
the tube is opened for laboratory testing. When the sam-or requirements should be included in the project specifi-
ple tubes are opened, the difference of weights betweercations or defined by a designated responsible person.
the measurements obtained in the field and after storage,
if any, should be reported to designated responsible labo-Group A and Group B samples can be transported in
ratory personnel. Other characteristics of waxes includealmost any type of container and by any available mode
shrinkage as a result of cooling, increased brittleness inof transportation. Samples may be transported without
cooler weather, and softening and plastic deformation duespecial protection, although it is desirable to pack the
to the weight of the soil sample in warmer weather. samples in shipping containers, such as cardboard or
Consequently, the wax seals should be inspected at reguwooden boxes or crates, to meet the minimum require-
lar intervals during storage and deficiencies should bements of the transporting agency, for ease of handling,
corrected. and to prevent the loss of sample tags or material.

Corrosion is dependent upon the type of metal in the tube,Group C and Group D samples should be transported
the salts in the pore fluid, and perhaps the soil constitu-under the supervision of personnel from the sam-
ents. It is increased by the presence of air. The mostpling/testing agency whenever possible. As a minimum
obvious effects of corrosion include roughness of the requirement, samples should be transported in wood,
walls of the sample tube and adhesion of soil to the sam-metal, or other type of reusable container that provides
ple tube which would increase the difficulty of extruding cushioning and insulation for each sample. Samples
the sample and cause additional disturbance to the sampleshould fit snugly in each container to prevent rolling,
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bumping, etc., and should be protected against vibrationtube should be marked and then struck 50 light blows

shock, and temperature extremes. Sawdust, woodwith a rubber hammer, starting at one end of the tube and
shavings, rubber, polystyrene, urethane foam, plastic bubworking toward the other end and then back again. The
ble wrap, or materials of similar resiliency can be used asblows of the hammer cause the sand to consolidate and
cushioning material. The cushioning material should thus prevent lateral movement and possible liquefaction of
completely encase the sample. Special conditions, such athe material in the tube during transportation. Upon

freezing, controlled drainage, and confinement, should bearrival at the laboratory, the sample tubes can be sawed
provided as needed. In addition to the preceding require-into sections; the weight (mass) of soil in each section of
ments, all modes of transportation, including loading, tube and the volume of the tube can be used to calculate
transporting, and unloading, for Group D samples shouldthe density of the soil in the tube at the instant that the

be supervised by a qualified person. sample was recovered.

Undisturbed samples of cohesive soils must be effectivelyBefore the samples of cohesionless soil obtained for den-
protected from excessive heat, cold, vibration, and/orsity determination are transported to the laboratory, a
shock during shipment, since these phenomena may causthick pad of cushioning material should be placed
serious sample disturbance. Cohesive samples should beetween the truck bed and the bottom rack of samples.
shipped upright with 8 to 15 cm (3 to 6 in.) of cushioning The longitudinal axis of the sample tube should be ori-
material placed between samples and the bottom and sidesnted perpendicular to the direction of travel to minimize
of the container or transporting vehicle, and at least 5 cmsoil displacement during acceleration or deceleration of
(2 in.) over the top and between individual samples. Thisthe vehicle or differential elevation between the front and
method of packing provides protection from heat in sum- rear of the truck bed.
mer and from freezing in winter; however, if samples are
in transit more than one day in freezing weather, the f. Storage When samples are received at the
vehicle should be stored overnight in a heated building. laboratory, they should be inventoried, the sealing and
Samples transported by commercial carriers should bemarking of each sample should be checked, and the defi-
packed in boxes that can withstand considerable handlingciencies should be corrected before they are placed in an
Boxes made of 13- to 19-mm- (1/2- to 3/4-in.-) thick upright position in a storage room. Although it is desir-
marine plywood normally are satisfactory. About 75 mm able to test samples as soon as possible to prevent further
(3 in.) of cushioning material should be placed betweendisturbance caused by chemical and physical changes,
the samples and the walls of the box. Examples of reus-storage of samples is sometimes required before testing
able containers are presented in ASTM D 4220-83can be conducted and/or completed. If storage is
(ASTM 1993). Boxes should be marked for careful han- required, samples should be stored in a moist, cool, frost-
dling; special arrangements should be made with thefree environmental room maintained at 100 percent rela-
transportation company to ensure proper handling. tive humidity. A temperature between 2 and 4 deg C (35
and 40 deg F) is recommended to preserve the samples,
Free-draining cohesionless samples may be frozen in theunless frozen, and to prevent the growth of mold and
tube at the field site and kept in a frozen state until labo- other organisms. Ultraviolet light can be used to retard
ratory tests are conducted (see paragraph 6-5). Howeverthe growth of fungus.
samples must be thoroughly drained prior to freezing to
prevent disruption of the structure by expansion of water When samples are opened for laboratory testing, the seal
upon freezing. The frozen samples may be transportedshould be checked and its condition noted. If the weight
from the field in insulated containers containing dry ice or of the sample has been obtained in the field, the weight in
in electrically-operated freezers powered by portable gen-the laboratory should be obtained for comparison. After
erators. Adequate cushioning material must completelythe caps have been removed and the sample tube opened,
surround each sample prior to shipment. the exposed sample should be checked for migration of
water and examined for structural or chemical changes,
If samples of cohesionless soil were obtained for the such as discoloration, pitting, cracks, and hard and soft
principal purpose of density determinations, the sampleareas. The empty sample container should be inspected
tubes should be placed horizontally in a cushioned rackfor corrosion and adhesion of soil as well. Observations
after adequate drainage has occurred. After the sampleshould be noted and reported to the responsible laboratory
have been secured to prevent rotation, the “top” of eachpersonnel.
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13-3. Written Record

provided that accurate and concise records are maintained.

The style of the form is superfluous as compared to its
Because the written record, hereinafter referred to aspurpose.

boring logs, provides fundamental facts on which all

subsequent conclusions are based, the necessity of record: checklist of data which should be included in the field
ing the maximum amount of accurate information cannot logs follows:

be overemphasized. Although there is no single proce-
dure for recording the data, the record should reflect all
details of the investigation. The location or position of
each borehole, test pit, or trench should be clearly located
horizontally and vertically with reference to an established
coordinate system, datum, or permanent monument. The
boring logs should contain information on the materials
encountered, the number and type of samples obtained,
the depth and length of the samples, the percentage of
core recovery or recovery ratio, etc. The logs should also
indicate the type of equipment used, such as a drilling bit
or auger, whether or not casing was used, the type of
drilling fluid, and the size of the borehole. Conditions to
be recorded include the following: the properties of the
drilling mud, such as weight, viscosity, and filtration
characteristics; difficulties in drilling, such as squeezing or
caving formations; the date, depth, and rate that any water
was lost during drilling operations, including the addition
of drilling mud or water; or the date and depth of seepage
or water bearing zones and piezometric levels in each
hole, boring, or pit; and the equilibrium depth of the
water table after drilling was ceased. Maps or sketches
with accurate descriptions and photographs are extremely
helpful for documenting the record of the site
investigation.

Because the field logs form the basis for determining the
soil profile and contribute to an estimate of the quality of

the samples and the in situ conditions, written records
should be accurate, clear, concise, and account for the full
depth of the boring. A standardized notebook system is
recommended. Notes, including all observations, should
be kept in an organized, orderly manner, and should be
recorded on the spot and not from memory at a later time.
In general, symbols and abbreviations should not be used
because of the potential for confusion and misunderstand-
ing. Furthermore, the use of symbols and abbreviations
increases the difficulty of reading and understanding the
boring logs for those not familiar with the symbols and

abbreviations. Figures 13-2 and 13-3 illustrate two forms
of boring logs and typical information which must be

recorded. An examination of the data which are pre-

sented in these figures reveals that undisturbed sampling
operations were recorded on the form given as Fig-
ure 13-2, whereas disturbed sampling operations were
recorded on the form given as Figure 13-3. It should be
noted that these forms may be used interchangeably

13-6

The name or number of the project and its
location.

The names and positions of members of the field
party.

Borings and/or test pits or trenches should be
located by coordinates and referenced by num-
bers, letters, or names in a detailed map. The
ground surface elevation of each boring or test pit
should be referenced to an established datum
which cannot be affected by construction opera-
tions. Include the date(s) of the start and com-
pletion of each boring, test pit or trench, or field

test.

Describe the method(s) of advancing the borehole
and the methods for stabilizing the borehole, such
as the density, viscosity, and filtration characteris-
tics of the drilling mud, or the location of the
casing. The penetration resistance(s) and the
method(s) used to force the sampler into the soll
are useful for estimating the compactness or con-
sistency of soil in situ. A change of strata can
frequently be identified by the rate of penetration
or the feel of the boring tools.

Record all major changes of soil strata. Every
stratum that is substantially different from the

overlying and underlying strata should be located
by depth interval, classified, and described in the
log. The report should include a description of

the soil in each stratum. All lenses, layers, pock-
ets, planes of failure, or other irregularities should
be located and described, although thin lenses,
i.e., less than 5 mm (0.02 ft), of a relatively uni-

form stratum do not need to be separately classi-
fied on the log. At least one sample should be
obtained from each stratum.

Record the number of the sample and its depth,
preferably to the top and to the bottom of the
sample. Include information on the type and
diameter of the sample, the inside clearance of the
cutting edge, the depth of penetration to the near-
est 30 mm (0.1 ft), and the gross and net lengths
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of the sample to the nearest 3 mm (0.01 ft). The 13-4. Precautions

depth of penetration should include the initial

penetration caused by the weight of the drill rods; Sampling, preserving, and transporting soil samples may

the length of the sample should include the down- involve contact with hazardous materials, equipment, and

ward movement required to engage the core operations. This manual does not purport to address the

catcher. safety problems associated with its use. It is the responsi-
bility of the principals involved in the site investigation to

The soil should be described according to the establish appropriate safety and health practices and to

Unified Soil Classification System with definitive determine the applicability of regulatory limitations.

adjectives (see Appendix E). Include its natural Special instructions must accompany any sample of con-

color as well as the range of colors for moist to taminated material. Interstate transportation, storage, and

dry conditions, its consistency for wet to dry disposal of soil samples may be subject to regulations

conditions, the grain size and sorting, the stru- established by the U.S. Department of Agriculture and

cture of the soil mass, the type and degree andother federal, state, or local agencies.

type of cementation (if applicable), degree of

weathering, etc. ER 1110-1-5 describes responsibilities and procedures for
identification, shipping, storage, testing, and disposal of

Note sources of potential disturbance, such assoil samples (whether disturbed or undisturbed) from

unsuccessful or difficult sampling operations, areas quarantined by the U.S. Department of Agriculture,

obstructions or unusual observations, caving or or from areas outside the continental limits of the United

plastic movement of the soil in the borehole, poor States. Soil samples taken below a depth of 1.5 m (5 ft)

sample recovery, and slaking of the soil samples. are generally not considered infected and are not subject
to handling and treatment prescribed for regulated soil.

Note the groundwater conditions, including the Entry clearance is required for all soil samples imported

depth to the phreatic surface or the depth at from foreign countries and from Hawaii, Guam, Puerto

which loss or inflow of water occurs. If water Rico, the Virgin Islands, and the Canal Zone.

loss or inflow occurs, measure the groundwater

level, the rate of inflow, the method of control,

the number of pumps and the capacity of each,

etc.

In some cases, a color photograph may be benefi-
cial. Include a scale and a color card in the

photograph, because the color card will permit a
comparison of colors to be made at later date.

13-7
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Figure 13-1. ENG Forms 1742 and 1743 for labeling and identifying soil samples
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Chapter 14 14-2. Grouting

Backfilling Boreholes and Excavations , o

All boreholes located on the landside and riverside of
levees, upstream and downstream of dams and embank-
ments, and in or under proposed structures should be
grouted to prevent water from passing from one stratum
) . to another through the borehole and/or to prevent piping
All open boreholes, test pits or trenches, and accessiblgy the surface. The borings should be grouted by injec-

boriqgs, ingluding shafts or tunnels, must be covered ory;,, through a grout pipe inserted to the bottom of the
provided with suitable barricades, such as fences, COVersyq e \which will displace the water or drilling mud and fil

or 'warning Iight;, to protept pedestri{:\ns, livestock or wild o hole with a continuous column of grout. The grout
animals, or vehicular traffic from accidents (EM 385-1-1). g619 contain bentonite or some similar swelling material
After the excavations have served their intended purposes,, innibit shrinkage and ensure a good seal. A grout mix-

the sites should be restored to their original state as nearly,, e of about 4 to 7 percent bentonite and 93 to 96 per-

as possible. Boreholes or excavations which are backent portland cement is suitable for sealing boreholes.

filled as a safety precaution may be filled with random g, may be added to the grout as filler if the proper
soil. The quality of the backfill material should be suffi- mixing and pumping equipment are available.

cient to prevent hazards to persons or animals and should
prevent water movement or collapse, particularly when 14-3. Concrete

drilling for deep excavations or tunnels. The soil should

be tamped to minimize additional settlement which could -~ crete may be used for backfil

result in an open hole at some later time. If surface cas-is aqded. Concrete should be placed in the bottom of the
ing has been set, the casing may be capped. If arygrengle by the tremie method to prevent segregation of
uncased borehole must be reopened at a later time, a polge mixture and to ensure that water or drilling mud are

which is slightly smaller in diameter than the borehole gisniaced and the hole is filled with a continuous column
may be inserted into the hole; a crosspiece which hasys qncrete (CE-1201).

been firmly attached to the upper end of the pole will be
useful for removal of the pole from the hole as well as
marking the location of the borehole and preventing the
pole from falling into the hole.

14-1. General Safety Precautions

if a shrinkage inhibitor

14-1
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Appendix B dense to very dense cohesionless soils will support mod-
Penetration Resistance Test and Sam- erately heavy- to heavy loads, whereas very firm cohe-

pling with a Split-Barrel Sampler sive soils and medium dense- to dense cohesionless soils
are adequate for most lighter loads.

B-2. Equipment and Terminology
B-1. Introduction

A qualitative measurement of the dynamic penetration
The method of sampling soil described herein consists of resistance of soil is obtained by driving a split-spoon
driving a split-barrel sampler to obtain a representative, sampler. To be meaningful, the value of penetration
disturbed sample and to simultaneously obtain a measure resistance must be obtained with standardized equipment
of the resistance of the subsoil to penetration of a stan- and procedures_ The fo||owing paragraphs describe the
dard sampler. The resistance to penetration is obtained standard equipment which is required for the SPT and
by counting the number of blows required to drive a steel the associated terminology. The description of the equip-
tube of SDECiﬁEd dimensions into the subsoil a Specified ment and the termin0|ogy are genera”y Compatib|e with
distance using a hammer of a specified weight (mass). ASTM D 1586-84, “Standard Method for Penetration
This test is commonly referred to as the Standard Pene- Test and Split-Barrel Sampling of Soils” (ASTM 1993)
tration Test (SPT). The soil sample which is obtained as and the SPT procedure recommended by the International
a part of the test can be used for water content determi- Society for Soil Mechanics and Foundation Engineering,

nation, soil-type identification purposes, and laboratory «Standard Penetration Test (SPT): International Reference
tests in which the degree of disturbance of the sample Test Procedure” (Decourt et al. 1988).

does not adversely affect the results. See Chapters 7
and 8 for additional information on sampling with open a. Incremental blowcount AN is the number of

tube samplers. blows for each 150-mm (6-in.) interval of sampler pene-

tration for the 0- to 150-mm (O- to 6-in.) interval, for the
The results of the SPT have been used extensively in 150- to 300-mm (6- to 12-in.) interval, and for the 300-

many geotechnical exploration projects. The SPT blow- g 450-mm (12- to 18-in.) interval.

count, N, is a measure or index of the in-place firmness

or denseness of the foundation material. Many local b. Blowcount N is the blowcount representation, in
correlations as well as widely published correlations plows per foot, of the penetration resistance of the soil.

which relate SPT blowcount and the engineering behavior The SPT N-value equals the sum of the blows of the
of earthworks and foundations are available. Because the hammer which are required to drive a standard Samp|er

SPT is considered to be an index test, blowcount data for the depth interval from 150 to 300 mm (6 to 12 in.)

should be interpreted by experienced engineers only.  plus the depth interval from 300 to 450 mm (12 to
18 in.).

In general, the SPT blowcount data are applicable to

fairly clean medium-to-coarse sands and fine gravels at c. Drive weight assemhly The drive weight assem-

various water contents and to saturated or nearly ply consists of a hammer, a hammer fall guide, the anvil,
saturated cohesive soils. When cohesive soils are not and any hammer-drop system.

saturated, the penetration resistance may be misleading of
the behavior of the material as a foundation soil. Like- (1) Hammer The hammer is that portion of the
wise, the engineering behavior of saturated or nearly drive weight assembly consisting of a 63.5 + 1 kg
saturated silty sands may be underestimated by the pene-(140 + 2 Ib) impact weight which is successively lifted
tration resistance test. and dropped to provide the energy that accomplishes the
penetration and sampling. A pinweight hammer, a donut
The relative firmness or consistency of cohesive soils o hammer, and a safety hammer have been used as the
density of cohesionless soils can be estimated from the grive weight. A schematic diagram of each is given in
blowcount data which is presented in Table B-1. The Figure B-1. The donut hammer and the Safety hammer
bearing capacity of cohesionless and cohesive soils can gre commercially available.
also be estimated from the SPT blowcount data. For
blowcounts in excess of 25 blows, the bearing capacity is - - - ] ] ]
excellent. For blowcounts less than 10 blows, the bear- 1Refgrences cited in this appendix are included in
ing capacity is poor. Hard, saturated cohesive soils and APpendix A.
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(2) Hammer fall guide The hammer fall guide is
that part of the drive weight assembly which is used to
guide the unimpeded fall of 760 + 25 mm (30 £ 1.0 in.)
of the hammer. Although it is desirable that the energy
of the falling weight is not reduced by friction between
the hammer and the hammer guide, the energy from the
sliding hammer may be transmitted to the drill string at
various efficiencies, depending upon the manufacturer’s
design. Because of this source of error, the type of
equipment used should be recorded.

(3) Anvil. The anvil is that portion of the drive
weight assembly through which the hammer energy is
transmitted to the drill rods as it is impacted by the fall-
ing hammer. The hammer and anvil should be designed
for steel on steel contact when the hammer is dropped.

(4) Hammer drop systemThe hammer drop system
is that portion of the drive weight assembly by which the
operator accomplishes the lifting and dropping of the
hammer to produce the blow. The cathead and rope
system, trip system, or the semiautomatic or automatic
hammer drop system may be used provided that the
lifting apparatus will not cause penetration of the sampler
into the formation while reengaging and lifting the ham-
mer.
should have an unimpeded overlift range of at least
100 mm (4 in.). A schematic diagram of an automatic
trip for a donut hammer is presented in Figure B-2. For

safety reasons, the use of a hammer assembly with an

internal anvil (safety hammer) is encouraged.

(@) Cathead The cathead is the rotating drum in the

Hammers used with the cathead and rope method

d. Drilling equipment Drilling equipment is used to
provide a suitably clean open hole in which the sampler
can be inserted. The diameter of the borehole should be
greater than 56 mm (2.2 in.) and less than 162 mm
(6.5 in.). The selection of appropriate drilling equipment
and performing the drilling operations using accepted
drilling procedures help to ensure that the penetration test
is conducted on undisturbed soil.

(1) Drill rods. The drill rods are used to transmit
the downward force and torque from the drill rig to the
drill bit for drilling the borehole.

(2) Drag, chopping, or fishtail bits These drill bits
may be used in conjunction with open-hole rotary drilling
or casing-advancement drilling methods. To avoid dis-
turbance to the underlying soil, drilling fluid must be
discharged through ports on the side of the bits. Bottom
discharge of the drilling fluid is not permitted.

(3) Roller cone bits Roller cone bits may be used
in conjunction with open-hole rotary drilling or casing-
advancement drilling methods. The drilling fluid must be
deflected to avoid disturbance to the underlying soil.

(4) Hollow-stem continuous-flight augers
Hollow-stem augers may be used with or without a cen-
ter bit assembly to drill the borehole.

(5) Solid-stem continuous-flight augers, bucket
augers, and hand augers Solid-stem augers, bucket
augers, or hand-held augers may be used if the soil on
the walls of the borehole does not cave onto the sampler

cathead and rope lift system. The operator successively or sampling rods during sampling operations.

tightens and loosens the rope turns around the drum to

lift and drop the hammer.

(b) Number of rope turns The number of turns of

the rope can be determined as the total contact angle

e. Sampling equipmentSampling equipment is used
to obtain a soil sample in conjunction with the SPT.

(1) Sampling rods Sampling rods, which are con-

between the rope and the cathead divided by 360 deg. sidered to be synonymous with drill rods, are flush joint
The contact angle begins at a point where the rope from steel drilling rods that connect the drive weight assembly
the sheave at the top of the derrick makes contact with to the split-barrel sampler. The sampling rods should
the cathead and ends at a point where the rope leading have a stiffness (moment of inertia) equal to or greater

from the cathead to the operator's hands ceases to makethan the stiffness of an “A” rod; an “A” rod is a steel rod

contact with the cathead.

Two turns of the rope on the cathead is recommended.
However, the actual number of turns of rope on the
cathead is approximately 2-1/4 turns for clockwise rota-
tion of the cathead or 1-3/4 turns for counterclockwise
rotation of the cathead. Figure B-3 is a sketch of the rope
wrapped on the cathead which illustrates the number of
turns of the rope.

B-2

which has an OD of 41 mm (1-5/8 in.) and an ID of
29 mm (1-1/8 in.). Research has indicated that drill rods
with stiffnesses ranging from “A” to “N” rod sizes will
usually have a negligible effect on the SPT blowcount,
N, values to depths of at least 30 m (100 ft). However,
“N” rods which are stiffer than “A” rods are recom-
mended for holes deeper than 15 m (50 ft).



(2) Split-barrel sampler The split-barrel sampler,
which is frequently called a split-spoon sampler, consists
of a sampler head, a split-barrel sampling tube, and a
driving shoe. A schematic drawing of a split-barrel
sampler is shown in Figure B-4. Before the sampler is
used, all components should be clean and free of nicks
and scars made from tools and rocks. Individual compo-
nents should be replaced or repaired if they become
dented or distorted.

(@) Sampler head The sampler head contains a
number of vents of sufficient size which will permit
unimpeded flow of air or water from the tube upon entry
of the sample. These vents should be equipped with
nonreturn valves which will provide a watertight seal
when the sampler is withdrawn from the borehole. For a
typical, commercially available split-spoon sampler, the
sampler head contains four vent holes. Each vent hole is
usually 13 mm (1/2-in.) diameter.

(b) Split-barrel sampling tube The split-barrel sam-
pling tube is made of hardened steel with smooth internal
and external surfaces. Its dimensions are 51-mm (2-in.)
OD by 35-mm (1-3/8-in.) ID. The minimum length of
the tube is 457 mm (18 in.). It should be noted that a
split-barrel sampling tube with an ID of 38 mm
(1-1/2 in.) may be used provided that the tube contains a
liner of 16-gauge (1.5-mm) wall thickness.

(c) Driving shoe The driving shoe is heat-treated,
case-hardened steel. It has an OD of 51 mm (2 in.) and
an ID of 35 mm (1-3/8 in.). Its length is 76 mm (3 in.).
The outside of the bottom 19 mm (3/4 in.) of the driving
shoe should be tapered uniformly inward to the internal
bore to form a the cutting edge.

(3) Liners Liners can be used provided that a con-
stant ID of 35 mm (1-3/8 in.) is maintained. The use of
liners should be noted on the boring log or penetration
record.

(4) Sample retainers A variety of sample retainers
may be used to prevent sample loss during the
withdrawal of the sampler from the borehole. The type of
sample retainer should be noted on the penetration
record.

B-3. Advancing the Borehole

The borehole may be advanced using equipment and
procedures that provide a suitably clean stable hole and
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which have been proven to be acceptable include wireline
or open-hole rotary drilling, continuous-flight
hollow-stem or solid-stem augering, and wash boring
methods provided that bottom discharge bits are not used.
Methods which produce unacceptable borings include
jetting through an open-tube sampler followed by sam-
pling when the desired depth is reached, using
continuous-flight solid-stem augers in cohesionless depos-
its below the water table, drilling into a confined cohe-
sionless stratum that is under artesian pressure, or
advancing the borehole solely by means of previous
sampling with the SPT sampler. The use of a bottom
discharge bit is strictly prohibited.

The borehole can be advanced incrementally, alternating
with testing and sampling operations. Continuous sam-
pling of the substrata may be conducted, although this
could affect the N-values; typical testing and sampling
intervals are 0.6 to 1.5 m (2 to 5 ft) in homogeneous
strata. Additional tests should be conducted at every
change of strata. Boreholes can be stabilized using pro-
cedures which were outlined in paragraph 6-2 for undis-
turbed sampling operations. If drilling mud is used, the
drilling fluid level in the borehole should be maintained
at or above the groundwater level at all times. Drilling
and sampling tools should be withdrawn slowly to pre-
vent disturbance of the soil on the bottom and the walls
of the borehole. If casing is used, the casing should not
be advanced below the top of the stratum to be sampled.

The diameter of the borehole should be greater than
56 mm (2.2 in.) and less than 162 mm (6.5 in.). A
smaller diameter hole may tend to close slightly and bind
the drill rods, whereas a larger diameter hole may signifi-
cantly alter the stresses at the bottom of the borehole. A
large-diameter borehole may also allow excessive bend-
ing of the drill rods, especially for long sections of drill
rod. These conditions could result in erroneous penetra-
tion resistances.

B-4. Sampling and Testing Procedure

After the boring has been advanced to the desired sam-
pling depth or elevation and excessive cuttings have been
carefully removed from the bottom of the borehole, the
split-spoon sampling apparatus may be assembled and
lowered into the borehole. The recommended procedures
for conducting the SPT and obtaining a representative
sample of soil are presented below.

As the drilling rods are connected to lower the sampler

assure that the SPT can be performed on essentially to the bottom of the borehole, inspect each sampling rod

undisturbed soil. Methods of advancing the borehole

to ensure that it is straight. If the relative deflection of a
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particular rod is greater than approximately 1:1000, it

blow to seat the sampler; record this depth on the boring

should not be used. Precaution should be taken to ensurelog, and then drive the sampler according to the proce-

that each rod joint is securely tightened. When the sam-
pling apparatus has been lowered to the bottom of the
borehole, secure the drill rods and sampler by the chuck
on the drill rig to prevent disturbance of the soil at the

bottom of the borehole as the hammer drive weight
assembly is attached to the sampling rods. Attach the
hammer assembly to the top of the drill rods and

carefully lower the sampler onto the soil at the bottom of

the borehole. Do not allow sampler to drop onto the soil

to be sampled. Rest the deadweight of the sampler,
sampling rods, and hammer drive weight assembly on the
bottom of the boring.

a. Seating the split-barrel sampler Compare the
depth of the bottom of the borehole to the depth of the
bottom of the sampler. If the sampling spoon advances
below the bottom of the borehole under the static weight
of the drill rods plus the weight of the hammer, measure
the penetration of the sampler into the soil and note this
information on the boring log. After the initial penetra-
tion caused by the deadweight of the SPT sampling sys-
tem has occurred, apply one blow of the hammer to seat
the sampler. Note this depth on the boring log and drive
the sampler as described in paragraphtB-4f the static
penetration exceeds 450 mm (18 in.), stop the test and
record the blowcount as zero. Remove the rods and
sampler from the boring. Advance the borehole to the
next sampling depth, remove the cuttings, and lower the
sampler to the bottom of the borehole to begin the next
drive.

If the depth of the sampling spoon is less than the depth
to which the borehole was advanced, cuttings may have
settled to the bottom of the hole or the walls of the bore-
hole may have sloughed. Note the depths of the bottom
of the borehole and the sampler on the boring log. If the
difference of the depths is less than 76 mm (3 in.), which
is the length of the driving shoe, apply one hammer blow
to the sampler. Again, compare the depths of the bottom
of the borehole to the bottom of the sampler. If the
sampler is seated in virgin material at the bottom of the
borehole, note the depth on the boring log. If the
sampling spoon is not seated in virgin material, apply an
additional blow with the hammer. Again, compare the
depths of the bottom of the cleaned borehole to the bot-
tom of the sampler and note these data on the boring log.

dures which are described in paragraphiB-4

If the difference of the depths of the bottom of the bore-

hole and the bottom of the sampler is greater than the
length of the driving shoe, remove the sampler from the
borehole. Clean the cuttings and/or slough material from
the hole. Record this operation on the boring log. When
the cleaning operation has been completed, lower the
sampler into the borehole and compare the depth of the
bottom of the sampler to the depth at the bottom of the
hole. If the difference of the depths is less than 76 mm
(3 in.), seat the sampler as described in the preceding
paragraph. If the difference of the depths is greater than
76 mm (3 in.), remove the sampler from the boring and

repeat the cleaning procedure.

After the split-barrel sampler has been seated in virgin
material, mark the rods in three successive 150-mm
(6-in.) increments so that the advance of the sampler
under the impact of the hammer can be easily observed
for each 150-mm (6-in.) increment of penetration. It
should be noted that although the penetration of the
sampler through the cuttings which have settled to the
bottom of the borehole is not considered to be part of the
penetration resistance test, the penetration of the sampler
through this material must be considered as the total
penetration or drive of the sampler. Care is required to
ensure that the sampler is not overdriven. Overdriving of
the sampler, which occurs when the total penetration of
the sampler exceeds the total inside open length of the
sampler, will result in erroneous penetration resistance
data.

b. Driving the sampler To drive the sampler, the
63.5-kg (140-lb) hammer is raised 0.76 m (30 in.) above
the upper face of the drivehead assembly. The hammer
is then allowed to fall freely and strike the face of the
drivehead assembly. The procedure is repeated to drive
the sampler into the soil.

Methods for raising and dropping the hammer include the
automatic, semiautomatic, and trip-hammer drop systems.
The drop of the hammer should be checked to ensure
that the hammer falls exactly 0.76 m (30 in.) unimpeded.
The desired rate of application of hammer blows is 30
per minute (min). It is assumed for most soils that this

Repeat the procedure until the sampling spoon is seated rate of application will permit the conditions at the sam-

in virgin material. When the bottom of the sampling
spoon has been embedded in virgin material, apply one

B-4

pling spoon to equilibrate between successive blows of
the hammer.



If the cathead and rope method of raising the hammer is
employed, a number of conditions should be considered
and addressed. For each hammer blow, a 0.76-m (30-in.)
lift and drop should be used by the operator. Marks may
be placed on the guide rod at 0.74 and 0.76 m (29 and
30 in.) to aid the operator in determining the point at
which the hammer has been raised exactly 0.76 m
(30 in.). The operation should be performed rhythmi-
cally without holding the rope at the top of the stroke.
The desired rate of application of hammer blows is
30 per min. An excessive rate of application of blows
could prevent equilibrium between blows or could result
in a nonstandard drop distance. Two turns of a relatively
dry, clean, and unfrayed rope should be used on the
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withdraw, several short, light, upward strokes of the
hammer will drive the sampler upward. When the sam-
pler is free, the entire string can be withdrawn from the
borehole.

B-5. Factors Which Influence Penetration Data

Recently conducted research has identified a number of
factors which could affect SPT blowcount data.
Although the effects of several of these factors have been
investigated and SPT procedures have been standardized
as a result of the studies, a number of variables have not
yet been investigated and/or standardized. Because the
effects of these variables may be quantitatively, and for

cathead. The cathead should be operated at a minimum some cases qualitatively unknown, this discussion is

speed of 100 revolutions per minute (rpm). It must be
essentially free of rust, oil, or grease and have a diameter
in the range of 150 to 250 mm (6 to 10 in.). These
values should be reported in the boring log.

Count the number of blows for each 150-mm (6-in.)
increment of penetration until the sampler has penetrated
450 mm (18 in.) into the soil at the bottom of the bore-
hole or until refusal has occurred. Refusal is defined as
the condition when 50 blows have been applied during
any one of three 150-mm (6-in.) increments of drive, a
total of 100 blows has been applied to the sampler, or
when there is no observed advance of the sampler during
the application of 10 successive blows of the hammer.

Record the number of blows for each 150-mm (6-in.)

increment of penetration or fraction thereof. If the sam-

pler is driven less than 0.45 m (18 in.), the number of

blows for each partial increment should be recorded. For
partial increments, the depth of penetration should be
reported to the nearest 25 mm (1 in.). Cite the reason(s)
for terminating the test.

It should be noted that the first 150 mm (6 in.) of drive

is considered to be a seating drive. The sum of the
blows required for the second and third 150-mm (6-in.)

increments of penetration is termed the “standard pene-
tration resistance” or the “N value.”

c. Withdrawal of the sampler from the borehole
For many drilling and sampling operations, the sampler
may be withdrawn by pulling the line attached to the
hammer. This action will cause the hammer to be raised
against the top of the drivehead assembly and lift the
entire hammer assembly, sampling rods, and split-barrel
sampler from the bottom of the borehole. If this method
of extracting the sampler from the bottom of the borehole
is unsuccessful or the sampler is extremely difficult to

intended to inform the drill rig operator as well as the
geotechnical engineer of potential errors or sources of
errors which could affect the SPT blowcount data. If the
practitioner is aware of this information, it is believed
that some of the uncertainty of the use and interpretation
of SPT data can be minimized.

Because of the uncertainty of the qualitative and/or quan-
titative effects of many of the variables which could
influence the SPT blowcount data, it is recommended
that standard procedures should be followed and prac-
ticed. All pertinent data with respect to test conditions
and equipment should be recorded. If differences of test
results are identified for “identical” site conditions during
the analyses and interpretation of the data, perhaps the
discrepancy or error could be explained by arguments
such as the condition of the equipment, or differences of
equipment, procedures, or weather conditions.

a. Schmertmann’s studySchmertmann (1978) iden-
tified a number of factors which could influence the SPT
blowcount data. These factors included penetration inter-
val, sampling tube design, the number of turns of rope on
the cathead, variations of drop height of the hammer,
energy delivered to the sampling spoon, and the in situ
effective stress condition. He also estimated the effects
of the respective factors on the magnitude of the poten-
tial error on the SPT blowcount data. A brief discussion
of the effects of these variables on SPT data is presented
below.

(1) Penetration interval The blowcount data should
be recorded for each of three consecutive 150-mm (6-in.)
increments of drive of the sampling spoon after the sam-
pling tube has been seated in virgin material by one blow
of the hammer. The SPT blowcount, N, is the sum of
the number of blows for the depths of penetration from
150 to 300 mm (6 to 12 in.) and 300 to 450 mm (12 to

B-5



EM 1110-1-1906
30 Sep 96

18 in.). Schmertmann suggested that the wrong sampling
interval, such as 0 to 150 mm (0 to 6 in.) plus 150 to
300 mm (6 to 12 in.), could introduce an error of blow-
counts, N, on the order of 15 to 30 percent.

(2) Sampling tube design The physical dimensions
of the split spoon could affect the SPT blowcount. For
example, the use of a liner in the sampling tube would

of drill rod which ranged from 9 to 24 m (30 to 80 ft) in
length.

(6) Effective stress condition The SPT blowcount
data may be affected by the change of effective stresses
in the sampling zone. The effective stress condition at
the bottom of a borehole is dependent on the diameter of
the borehole, the use of drilling mud as compared to

cause an increase of the blowcount as compared to the casing, or the use of the hollow-stem auger as compared

use of the same sampling tube without a liner. Schmert-
mann estimated that the use of a larger diameter sam-
pling tube without a liner could cause a reduction of the

penetration resistance on the order of 10 to 30 percent.

(3) Number of turns of rope on the catheadRope
which is wrapped around the cathead may seriously
impede the fall of the hammer. Consequently, the energy
which is delivered to the anvil could be significantly less
than the theoretical value computed for a free-fall condi-
tion. To minimize the potential differences of SPT blow-

to casing and water. Schmertmann recommended the use
of drilling mud in the borehole to minimize the change
of effective stresses in the borehole.

b. ASTM guidance The American Society for Test-
ing and Materials (1993) published a list of factors which
could effect penetration resistance in ASTM D 1586-84.
It was reported that the use of faulty equipment, such as
a massive or damaged anvil, a rusty cathead, a low-speed
cathead, an old and/or oily rope, or massive and/or
poorly lubricated rope sheaves could contribute signifi-

count data caused by the friction between the cathead and cantly to differences of N values obtained between differ-

the rope, only two turns of the rope around the cathead
should be used. It should be noted that the actual num-
ber of turns is approximately 1-3/4 for counterclockwise
rotation of the cathead or 2-1/4 for clockwise rotation of
the cathead. Schmertmann estimated that the error
caused by friction between the rope and the cathead
could increase the blowcount data by as much as
100 percent.

(4) Variation of drop height of hammerWith other
factors constant, the energy which is delivered to the
anvil by the hammer is proportional to the free-fall dis-
tance of the hammer. Therefore, care is necessary to
ensure that the drop of the hammer is constant. The
standard procedure specifies that the height of the drop is
76 cm (30 in.). Schmertmann estimated that the error
cause by an incorrect drop distance was approximately
+10 percent.

(5) Energy delivered to sampling spaorThe length
of the drill rods, the section modulus of the rods, and the
mass of the anvil may affect the energy which is trans-
ferred to the drill rods and delivered to the sampling

ent operators or drill rig systems. ASTM reported that

variations on the order of 100 percent or more had been
observed for different apparatus or drillers for adjacent

borings in the same formations. For the sake of compar-
ison of the data, ASTM reported that for the same driller

and sampling apparatus, the coefficient of variation was
about 10 percent. To reduce the variability of blowcount

data produced by different drill rigs and operators,

ASTM suggested that the hammer energy which was
delivered into the drill rods from the sampler should be

measured and an adjustment of the blowcount data could
be made on the basis of comparative energies.

c. Guidance by the ICSMEE The International
Committee on Soil Mechanics and Foundation Engineer-
ing International Reference Test Procedure for SPT (Dec-
ourt et al. 1988) identified several variables which could
influence the SPT blowcount. Variables included unac-
ceptable disturbance during preparation of the borehole,
failure to maintain sufficient hydrostatic head in the
borehole which could result in the flow of soil into the
borehole, disturbance caused by overboring or overdriv-
ing of casing, the omission of liners which would reduce

spoon. Schmertmann suggested that use of a large anvil the penetration resistance, energy transmitted to the rods

as compared to a small anvil could increase the blow-
count by as much as 50 percent. With respect to the
length of the drill string, Schmertmann estimated that the
blowcount could be 50 percent too high for short sec-
tions, i.e., less than 3 m (10 ft), of drill rods. Likewise,

he estimated that an error on the order of about 10 per-
cent could be caused by using an excessively long drill

which was dependent on the shape of the hammer and
the number of turns of rope on the cathead, and a large
steel drivehead which could increase the penetration
resistance because of a decrease of energy transmitted to
the rods. Also of interest was the statement that there
were “no significant differences in blowcounts or energy
transferred for rods weighing 4.33 to 10.03 kg/m” (2.9 to

string. Schmertmann based his comparison on a section 6.7 Ib/ft). In should be noted that rods weighing 4.33 to
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10.03 kg/m (2.9 to 6.7 Ib/ft) compare to AX and NX
rods. One other important statement was also noted:
“...the energy input definition has not been proposed
because of the lack of experience and the possibility of
its becoming part of a 'test’ routine rather than the inten-
tion solely for 'equipment’ calibration....” Although this
statement appears to conflict with the procedure recom-
mended by ASTM, the decisions regarding the calibration
of drilling and sampling equipment should be made by
the engineer in charge following the official guidance
from the Department of the Army, U.S. Army Corps of
Engineers. If official guidance is unavailable, the boring
logs should contain information about the hammer energy
and how the energy or efficiency was obtained.

d. Studies reported by other researchersOther
researchers have identified additional factors which could
influence penetration resistance. Riggs (1986) identified
several factors which could affect SPT N values but were
missing in ASTM D 1586-84. The factors included
requirements on hammer and anvil dimensions, mass and
diameter of the rope sheaves, derrick height, and align-
ment or configuration of the cathead and crown sheaves.
Studies reported by Kovacs and Salomone (1982)
indicated the number of wraps of rope on the cathead,
the drop height, the drill-rig type, hammer type, and
operator characteristics influenced the energy delivered to
the drill stem.

B-6. Sampling Records and Preservation of
Samples

After the sampler has been removed from the borehole
and detached from the drill rods, the sampling spoon can
be disassembled and the soil in the sampling spoon can
be examined. If there is soil within the sampler, record

the length of the sample recovered or the percent recov-
ery. Describe the soil according to the instructions and
procedures in Appendix E. Note the location of each

stratum with respect to the bottom of the sampler barrel.
Place a representative portion of each stratum into a
waterproof container (jar) without ramming or distorting

any apparent stratification. One or more containers may

EM 1110-1-1906
30 Sep 96

All pertinent borehole data, penetration resistance, and
sample data must be recorded on a boring log data sheet
similar to the data presented in Figure B-5. The depths
at the top or bottom of each 150-mm (6-in.) increment of
sampler penetration along with the number of blows
required to effect that segment of penetration should be
reported. Clear and accurate information is required for
definition of the soil profile, depths of penetration of the
sampler, penetration resistance, and location of the sam-
ple. Other information which may contribute to a more
accurate estimate of the condition of the samples and
physical properties of the in situ soil should also be
noted.

The following information is presented as a checklist
of data which should be recorded in the field:

* Name and location of the job.

* Names of crew.

» Type and make of drilling machine.

* Weather conditions.

» Date and time of start and finish of boring.

* Boring number and location. Give station or

coordinates, if available.
» Surface elevation, if available.
* Method of advancing and cleaning the borehole.
» Method of keeping the boring open.

» Size of casing and depth of cased portion of bor-
ing, if used.

» Depth to base of casing with respect to depth of
sampling.

* Equipment and method of driving sampler.

be used, as necessary. Seal each jar to prevent evapora-

tion of soil water. Affix a sample label to each
container. Include information on the label, such as
project number or site, borehole number, sample number
and depth, description of the soil, strata changes within
sample, sampler penetration and recovery lengths,
number of blows per 150 mm (6 in.) or partial increment,
and date of sampling. Protect the samples from tempera-
ture extremes.

» Type of sampler. Include its length and inside
diameter. Note if liners or sample retainers were
used.

» Size, type, and length of sampling rods.

« Type of hammer and release mechanism or

method.
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Height of free-fall of the hammer.

Depth to bottom of borehole before test, depth of
initial penetration, depth of split-barrel sampler
after seating blow(s) have been applied, and
depth after each 150-mm (6-in.) increment of
penetration has occurred.

Penetration resistance (blowcount data) for each
150-mm (6-in.) increment of penetration.

Sample number/depth.
Sample depth: top and bottom.
Sampler penetration and recovery lengths.

Description of soil. Include strata changes
within the sample.

Date of sampling.

Obtain complete groundwater information.
Include the groundwater level or elevation before
the drilling and sampling operations begin,
groundwater level or drilling fluid level at the
start of each test, depth at which drilling fluid
was lost or artesian water pressure was encoun-
tered, and time and date of each annotation.
After the drilling and sampling operations have
been completed, record the groundwater level in
sands at least 30 min after boring was com-
pleted; in silts, record groundwater data after 24
hours (hr); in clays, record data after 24 hr and
at a later time, if possible. If groundwater was
not encountered, so indicate.

Record pertinent observations which could assist
in the interpretation of data, i.e., stability of
strata, obstructions, etc.

» Record calibration results, where appropriate.
B-7. Interpretation of SPT Blowcount Data

Although the purpose of this manual is not to provide
guidance for interpretation of SPT data for engineering
purposes, the data in Table B-1 can be used by the
inspector for describing the in situ soil conditions as
determined by the SPT. These data have been referenced
throughout the world and have been scrutinized by the
engineering profession for one-half century. Further-
more, the data in Table B-1 are not significantly different
from those data in EM 1110-1-1905, which presents the
official guidance for interpretation of SPT blowcount
data.

Specifically, EM 1110-1-1905 states that the SPT blow-
count, N, should be normalized to an equivalent blow-
count, N, which is the effective energy delivered to the
drill rod at 60 percent of the theoretical free-fall energy.
The blowcount correction factors are dependent upon the
effective overburden pressure, the hammer release mech-
anism, and the type of hammer, i.e., donut or safety, etc.
According to the data in EM 1110-1-1905, the rod
energy factor varies from less than 0.8 to slightly greater
than 1.0. It should be noted, however, that a number of
researchers have reported that the measured energy deliv-
ered to the rods by SPT hammer/release systems were
typically 40 to 55 percent of the theoretical free-fall
energy; these lower values of energy delivered to the
rods by SPT hammer/release systems explain the selec-
tion of the equivalent blowcount, §§ as compared to a
higher value for the energy factor, as inferred by the data
in EM 1110-1-1905.
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Table B-1
Soil Density or Consistency from Standard Penetration Test Data (after Terzaghi and Peck 1948)

Cohesive Soil
Consistency Blows/foot (0.3048 m) Unconfined Compressive Strength®
Very soft Less than 2 Less than 25 kPa (0.25 tsf).
Soft 2t04 25 to 50 kPa (0.25 to 0.5 tsf)
Medium 4t08 50 to 100 kPa (0.5 to 1.0 tsf)
Firm 8to 15 100 to 190 kPa (1.0 to 2.0 tsf)
Very firm 15to 30 190 to 380 kPa (2.0 to 4.0 tsf)
Hard Greater than 30 Greater than 380 kPa (4.0 tsf)

Cohesionless Soil

Density Blows/foot (0.3048 m)
Very loose Less than 4

Loose 4to 10

Medium dense 10 to 30

Dense 30 to 50

Very dense Greater than 50

* The unconfined compressive strength may be approximated by the pocket penetrometer or the vane shear apparatus.

B-9



EM 1110-1-1906
30 Sep 96

(9861 s6b1y Jeye) Jewwey A1ejes ay) pue ‘Jewwey INuop ey) ‘Jewwey Jybiemuid ey} jo Suimesp sneweyds °|-g einbid

HYINNVH AL3TIVS YINWYH LNNOA HINWVH LHOTIMNIJ
008 T1ua 3 o
QoY 11140 —= N
H0 uZ~1_l—ﬂhw
i s
] TIANY 40
av3iH 3JAIHA
a0y d0
3gnl 30IN9 ——— IANY 4O w"mzm 40
ONI1dN02
aoy 301n9 av3H 3JAINHA
H3IWWVH
INNCQ — ™
HINVH AL34VS —— o] Qow 3a1ns
© O

a¥3H 3A1H0 m
HO TIANY KME§<I

LHOTIMNT J —

dv 1102
40 ONI J_QDDQ‘\'E

d

B-10



JAM COLLAR

ALLOWABLE OVERRIDE

TRIP CONE &

:lf— ADJUSTMENT

ROLLER

RETRIEVER ARM
RETRIEVER ARM SPRING
HOIST CABLE

RETRIEVER SLEEVE

k1

RAM COLLAR

v i

T
=

O W .

COMB INED
WEIGHT IS
140 LBS

)
30" WHEN
HAMMER 1%
RELEASED

ANVIL

ODRILL ROD THREAQDS

Figure B-2. Schematic drawing of the automatic trip hammer

EM 1110-1-1906
30 Sep 96

B-11



. PeaY}BO 8y)} Jo Uoijelol 8sIMIOOP J0) SUIM /L-C pue
peeyIuED 8y} JO UOJ1BI01 OSIAMID0]DI0IUNCD 10} SUIN] p/E-1 ‘peeyied ey} uo edol Jo suin} jo Jequinu oy} jo Buimelp oneweyss °c-g einbiy

EM 1110-1-1906

JSIMIHOOTO ISIMNOOTOHILNNOD

WA

AVAYA 31013808 T10HIHO8 ——=1

004 1N1Y0
aod NM1yq ——=

T1ANY

aocy 301n9
QoY 3Q1N9 ———=

QV3HLVD
ON1LVLOY

3d0Y VIINVA
QV3HLVD

ONILVLiOY

QYIS M0 JOM SO VMR
WO S %42 ATLLYRIX0USY

9 - 8 NOILD3S NOLIVAOW 3S(A¥0D 3404 VIINVA

QVIHLYD NO 340N 30 Sdvie
YD SNUNL g1 AT3LVIXCHAGY

¥V — V NOILD3IS wotivios 3s1a¥001083:M03

avanLYy
UM
3008 H01YHI0

/L
r

(S A3770d 8O
(S)3AVIHS NMOYD

/L
T

(S)A377Nd HO
(S)3AV3HS NMOYD

30 Sep 96

B-12



EM 1110-1-1906
30 Sep 96

Jejdwes jerieg-Yids ey} Jo Buimsp SlBWeYOS “¥-@ o4

.rzm_>|/

IATVA
/ MO3HO 1ve
\\
)

39N1 ONITdWVS
\\’ 1344v8-1171dS

|V

L2 AN

/////////W \/NV

NN

\
1)

y 4 <

A AN\

Ny \\
Av3iH Y3TdAVS

A0HS ozH>Hmo\\

B-13



EM 1110-1-1906
30 Sep 96

pepiodal aq isnw Yoiym uoljewnsojut jeoidA) yum Bulioq eoue)sisel uoneljeued e jo 6o 's-g eunbig

. 1L61 834 A3Y
RELEN / 40 VARREEED 618 .o\ wuo4 sam

Q\G.\\U L, CENTT Iocoedpy] " gj- k] Y UPAUP oodk /oS m.QQ\ FZX Ol 8¢/ XT0|,2 X

-,

ol > B2 B it icd bt M A

o/ (X247 74
) o/ oGl [CH/
oG pew puos iy o 2G PooSI O EGT (S H] (GH 0P cHoTg 2
o o EF |
oo Py povs Awp T - 77957 [ — [ = |0F/ |5&7
o \QM\&NQRQ‘\\“'
24 GE7 o€
J o/ ok/ |2/ o
= e LR 2 B A G| GeIPRIZET (#2527 o] 77 g
7O B gy e — stz g — | = 627 |00 57/ |00 77 E —
SMO18 40 HITAWYS ol WOod4 ol [A0F-E] oL wodd NINVL | ¥38WAN
SHIVWIY ANV NOLLYDIHISSYTD uW_m__mwwmomh_I Y3INIVLNOD 10 3dAL s 3150 WOLVALS J1va Idnvs
7-FW O\ buiiog £907  ONdor B pACOUDTy  PIISIQ 39837
TS v%gmhﬁm_m 30B44NS Q\SQ\Q\ 101e43dQ NO\\\M 101038dsu| S#0% -/M 61y 11140
7L &7 075 o, Gop SPIEIRALY S Fegg 01r0] FOBLFINSS B/// 40/ 1210
viva d13i4d
9071 ONI¥04d

B-14



EM 1110-1-1906
30 Sep 96

C-3. Sampling and Testing Procedures

Appendix C
Penetration Resistance Testing with

the Becker Hammer Drill Either an open bit or a plugged bit can be used to drive

the casing. The BPT is conducted with a plugged bit, as
experience has shown that questionable values of pene-
tration resistance may be obtained if the open bit is used.
To conduct the BPT, the number of hammer blows to
drive the casing 0.3 m (1 ft) is counted and recorded. To
The use of the Becker hammer drill as an in situ penetra- yse the BPT data, the blowcounts are converted to equiv-
tion test for gravelly soils has gained widespread accep- alent SPT blowcounts by empirical correlations (Harder
tance since its use was first reported (Harder and Seed gnd Seed 1986). From the equivalent SPT blowcounts,
1986). The Becker Penetration Test (BPT) for gravelly the penetration resistance can be correlated to selected
soils has become synonymous to the Standard Penetrationgeotechnical engineering parameters, such as liquefaction

Test (SPT) for sandy soils. However, the technology on potential (Seed, Idriss, and Arango 1983; Seed et al.
use of the BPT for assessing engineering parameters is 1985).

still evolving. The information presented herein is not

the “how to do” cookbook approach, but rather it is @ The open bit is used for obtaining disturbed samples by
synopsis of the test procedures which are currently the reverse circulation technique. As compressed air is
accepted and used as well as a list of variables that may pumped to the bottom of the hole through the annular
affect the test results. Because standard procedures for space between the two pipes, broken fragments or cut-
conducting the BPT do not exist, it is recommended that tings are returned to the surface through the center of the

C-1. Introduction

the geotechnical engineer and/or the engineering geolo-
gist should peruse the literature and communicate with
individuals knowledgeable on the use of the BPT prior to

planning and conducting an investigation with the Becker

hammer drill.

C-2. Equipment

The Becker hammer drill was devised specifically for use
in sand, gravel, and boulders by Becker Drilling, LTD.,

of Canada. The drill utilizes a diesel-powered pile ham-
mer to drive a double-wall casing into the ground without
rotation. The elements of the Becker hammer drill

include an air compressor, mud pump, a double- or
single-acting diesel-powered hammer, rotary drive unit,
hydraulic hoist, casing puller, mast, and cyclone. The
double-wall threaded casing is specially fabricated from
two heavy pipes which act as one unit. The casing has
flush joints and tapered threads for making and breaking
the string. Standard casings vary from 14.0- to 23-cm
(5.5- to 9.0-in.) OD; the 17-cm- (6.6-in.-) diam casing is

commonly used for the BPT. A toothed bit which is

casing. At the surface, the return flow is collected by a
cyclone or collector buckets. The cuttings can be
observed to give an idea of the materials which have
been drilled. The sample should be interpreted cau-
tiously, as it is a mixture of all soil materials from a
given depth interval. If necessary, drilling can be
stopped, and sampling can be conducted through the
inner barrel using a split-barrel sampler or coring tech-
nigues. Procedures for documenting the results of the
BPT (including sampling records and preservation of
samples, if obtained) should follow the procedures which
are described in Chapter 13.

C-4. Factors Which Affect the Becker
Penetration Test

Harder and Seed (1986) initially believed that the bounce
chamber pressure was a measure of the energy which
was delivered to the penetrometer (casing). Upon further
investigation, they determined that BPT blowcounts could
not be predicted for different bounce chamber pressures.
They determined that the energy which was developed

attached to the Casing is used to break the material at the was dependent on such factors as the combustion effi-

bottom of the borehole. The Becker hammer drill is

discussed in Chapter 3.

! References cited in this appendix are included in
Appendix A.

ciency and conditions of the diesel hammer, atmospheric
pressure, and the material response (including density,
gradation, and overburden pressure) of the soil being
penetrated.
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Harder and Seed reported that the combustion efficiency

correlations, should be developed for a given drill rig and

was operator dependent. They reported that the operator hammer to account for differences of bounce chamber

could vary the throttle on the diesel hammer. They also
found that the use of a rotary blower which forced air
into the combustion cylinder resulted in a better burn
(higher efficiency) of the fuel. Harder and Seed reported
that the energy which was produced was dependent on
combustion conditions, including fuel quantity and
quality and the air mixture and pressure. For example,
they suggested that the BPT could vary from 14 to 50 or
more blows in the same material at the same depth if
different combustion efficiencies were used. Hence, they
concluded that the BPT had to be conducted under stan-
dard combustion conditions.

With respect to the effects of different atmospheric pres-

sures, Harder and Seed reported that the energy which tions.

pressures on BPT blowcount.
C-5. Summary

The BPT is a nonstandard test for which technology is
evolving. Although BPT data must be adjusted to
account for the effects of atmospheric conditions,
material response, and overburden, the BPT blowcounts
should be obtained using constant combustion conditions
to the maximum extent possible. To interpret the test
results and to use the penetration data for engineering
purposes, Harder and Seed recommended that the
adjusted BPT blowcounts should be converted to equiv-
alent SPT blowcounts using empirical BPT-SPT correla-
The equivalent SPT blowcounts should then be

was delivered to the penetrometer (plugged bit) was a normalized for the effects of overburden prior to correlat-
function of the pressure in the bounce chamber. For ing the equivalent blowcount data to the desired engi-
different atmospheric pressures, different bounce chamber neering parameters.
pressures will result for the same hammer energy. Con-
sequently, the measured bounce chamber pressures mustlthough the BPT appears to be laden with numerous
be corrected for atmospheric conditions, especially when problems for conducting the test as well as interpretation
drilling operations are conducted at different elevations. of the data, the BPT is one of a very few in situ tests
To account for the effects of atmospheric pressures, which can be used for assessing the engineering parame-
Harder and Seed suggested that a ratio of theoretical ters of gravelly soils. (Geotechnical personnel are
impact kinetic energies for different atmospheric condi- reminded that the SPT is used worldwide as an in situ
tions could be used to normalize differences of delivered test for sandy soils, although a number of variables
energies. which are discussed in Appendix B may affect the SPT
results.) The principal advantage of the Becker hammer
Harder and Seed also noted that the energy which was drill is that it offers a rapid and inexpensive method for
developed in the bounce chamber (blowcount) was drilling gravelly and bouldery materials. A principal
dependent on the soil being penetrated. For low blow- disadvantage of the BPT test is that the in situ stress
count materials, the displacement of the casing was rela- conditions may be altered significantly during the drilling
tively large for each blow; much of the energy from the process. For example, the flow of groundwater into the
expanding combustion gases was lost to casing move- borehole can disturb the material at the bottom of the
ment rather than raising the driving ram. As the blow- boring. Likewise, sand surrounding a boulder at the
counts increased, Harder and Seed determined that morebottom of the borehole may be sucked into the casing as
of the energy in the combustion chamber was transferred the hammer drilling is conducted; the results would be a
to the hammer; consequently, more energy was available nonrepresentative sample and a recovery ratio in excess
to drive the penetrometer. Because of these findings, of 100 percent.
they suggested that a family of curves, i.e., site-specific

C-2
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Appendix D specimen at a later date. Singh, Seed, and Chan (1982)
Artificial Ground Freezing for Undis- reported a laboratory investigation which employed an

“in situ” freezing technique. For this study, a large triax-
ial specimen of sand which had been subjected to a
known stress history was frozen and sampled; the experi-
mental data demonstrated that unidirectional freezing
with no impedance of drainage could be used to obtain
laboratory samples which maintained the characteristics
of the in situ formation.

turbed Sampling of Cohesionless Soils

D-1. Introduction

The critical importance of high-quality undisturbed sam-
ples of cohesionless soils for earthquake analysis proce-
dures has been well documented (Horn 1979; Marcuson gaceq upon the research by Singh, Seed, and Chan
and Franklin 1979; Poulos, Castro, and France 1985; (1982), a methodology, which consists of one-
Seed 1979; Singh, Seed, and Chan 1882nfortu-  imensional ground freezing followed by core sampling,
nately, the development of technology or methodologies gn,1d be considered whenever very high-quality undis-
to obtain truly undisturbed samples of sand has been y,heq samples of cohesionless materials are required.
rather elusive. Hvorslev (1949) suggested several meth- 14 iy sity freezing method is contingent on the require-
ods which included thin-walled, fixed-piston samplers in  eants that the soil is free draining and that the freeze
mud-filled holes; open-drive samplers using compressed o0t advances one-dimensionally; the one-dimensional
air; freezing; and impregnation. Marcuson and Franklin .o ement of the freeze front permits drainage away
(1979) and the U.S. Army Engineer Waterways EXperi- om the front in response to the change of volume

ment Station (1952) reported studies using the 5 5eq by the phase change of water to ice.
thin-walled, fixed-piston sampler; these studies docu-

mented that loose samples were densified and dense 55 Historical Development
samples were loosened. Seed et al. (1982) reported an

investigation of the effect of sampling disturbance on the 5.4 ,ng freezing for construction purposes has been con-
cyclic strength characteristics of sands; they reported that §,,~ted for more than 100 years (Sanger 1968). In situ
the Hvorslev fixed-piston sampler caused density changes freeing to obtain undisturbed calyx samples was done at
while advance trimming and sampling techniques caused got peck Dam following the upstream slide of the

little change in density, although some disturbance due t0 ¢ pankment in 1938 (Middlebrooks 1942: U.S. Army

stress relief was reported. Other methods have included 19394 1939h: Hvorslev 1949). Other instances of
h.and-tnmmmg samples. from tegt p|ts.or shafts. 'Occa- ground freezing have included operations to obtain
sionally, samples obtained by fixed-piston sampling or jn njace densities in sands, gravelly sands, and gravels
hand-trlmmlng methods have been frozen after sampling (Osterberg and Varaksin 1973, Vallee and Skryness
at the site (Torrey, Dunbar, and Peterson 1988; Walberg 1979)  For each of these operations, a cylindrical-wall

1978) in an attempt to preserve the sample. However, freezing technique was employed. Because one-
studies have consistently demonstrated that stress relief §imansional freezing was not satisfied, specimens may

andfor void ratio changes may have occurred during phaye heen disturbed as a result of ice expansion.
sampling operations.

i ) More recently, Japanese investigators (Yoshimi,
More recently, studies have demonstrated that high Hatanaka, and Oh-oka 1978) reported an in situ radial
quality undisturbed samples could be obtained by impreg- reezing technique. The methodology consisted of the
nation or freezing techniques, although both methods \se of 5 single freeze pipe which is subsequently used to
were falrly EXpensive and d_'ﬁ'CU|t to apply. A study pull a frozen column of soil from the ground. While the
using the impregnation technique was reported by Schne- «ohgjcle” technique satisfied the one-dimensional freez-
ider, Chameau, and Leonards (1989). The premiere i, criteria it is likely the technique is limited to shallow
consideration of this study was the concern that the genths and would not be appropriate for many locations,
impregnating material would readily penetrate the soil, ¢,ch as the downstream toe of a dam where the piezo-
protect the soil structure during sampling operations, and 1 atric levels may be very high. A one-dimensional
could easily and effectively be removed from the eqzing technique which allows sampling at depths grea-
ter than 15 m (50 ft) which should not jeopardize the
structural safety of the dam or embankment is presented
herein.

! References cited in this appendix are included in
Appendix A.
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D-3. In Situ Freezing and Testing Rationale
a. Site selection and layaut As previously men-

tioned, a site must be selected in which the soil is free-
draining; the freeze hole layout must be designed to

b. Coring. Based upon experience obtained by drill-
ing in frozen soil, coring methods vary with the type of
soil, its temperature, and the degree of saturation of ice
in the soil voids, i.e., the ice content (Hvorslev and
Goode 1960). Soil strength increases with a decrease of

ensure that the freeze front advances across the prospec-temperature and an increase of the ice content, whereas

tive sampling area in one dimension without trapping
water. Although this in situ freezing procedure is gener-
ally applicable to saturated, relatively clean sands and
gravels, it could be used in partially saturated materials
provided that sufficient ice is formed during the freezing

the torsional strength of a core of frozen soil increases
with increasing diameter. To obtain good cores and good
recovery, a fairly large, e.g., 125- to 150-mm- (5- to
6 in.-) diam double- or triple-tube core barrel with a dia-
mond or tungsten bit is suggested. Because the tempera-

process to give the material adequate strength (cohesion) ture of the artificially frozen soil can be expected to be

to allow coring. The presence of too many fines (silts
and clays) could result in impeded drainage, in which the
pore water would expand during the phase change to ice
and seriously disturb the sand structure, or could cause
migration of pore water toward the freeze front, which
would result in the formation of ice lenses with subse-
guent volume change. In either case, Tsytovich (1955)
and Gilbert (1984) have shown that in sands with free

only a few degrees below freezing, the drilling fluid will

have to be cooled to prevent the melting of the pore ice
during the drilling operations. Cooling of the drilling

fluid can be accomplished by circulating it through a
chiller attached to the refrigeration plant. Although the
use of air as the drilling fluid is perhaps more desirable
from an environment consideration, it is not satisfactory
if the ambient air temperature is above freezing. Fur-

drainage, the porosity remains constant because excessthermore, the use of compressed air as a drilling fluid is

water is squeezed out as the freeze front advances.

Provided that a suitable candidate site has been identi-
fied, typical examples of a site layout are illustrated in
Figures D-1 and D-2. According to the literature, spac-
ings for the holes are typically 0.6 to 0.9 m (2 to 3 ft),
although Vallee and Skryness (1979) reported a hole
spacing of 2.1 m (7 ft). Initially, a coolant, such as a
chilled brine, is circulated through vertical freeze holes
identified by the symbol “F.” Freezing progresses
radially from each hole and eventually makes closure
between the freeze holes to form a continuous frozen
mass, as idealized in the figures. The location of the
freeze front can be determined by symmetry from moni-
toring the temperature in holes identified by the symbol
w

If additional freeze holes are needed to obtain a thick
mass of ice around the proposed sampling area, circula-
tion of the coolant in the secondary freeze holes should
not begin until freezing of the initial area is completed.
Furthermore, the layout of the freeze holes should ensure
that freezing will always progress radially outward from
the initial freeze zone. If one-dimensional freezing does
not occur, disturbance of the soil in zones between the
freeze fronts may occur because of the expansion of
groundwater upon freezing. Additionally, freeze holes
and temperature monitoring holes should be located as
far as practical from the sampling area to minimize the
disturbance caused by drilling and installation of the
holes.

D-2

prohibited for drilling in water-retaining embankments, as
outlined by ER 1110-2-1807. Consequently, the alterna-
tive choices for drilling fluid are ethylene or propylene
glycol and diesel fuel, although the potential adverse
environmental effects caused by these products must be
considered.

c. Frozen core Immediately after the core has been
retrieved from the borehole, it should be moved to a cold
storage facility where it can be identified, logged, and
sealed in a container which will prevent sublimation of
ice as well as protect the sample when it is transported to
and stored at the laboratory. Once the samples have
arrived at the laboratory, further testing can be conducted
under more controlled conditions and at much colder
temperatures. For example, if the grain size of the
material is small enough, samples may be recored to
smaller diameter specimens; this operation will tend to
eliminate the effects of any disturbance from field coring
and/or thawing at the periphery of the field sample.
After the frozen specimen has been prepared for testing,
it can be placed in the triaxial chamber where the in situ
stresses and pore pressure can be reapplied prior to per-
mitting the specimen to thaw. During the thawing pro-
cess, the specimen should be continuously monitored to
detect any evidence of disturbance. After the thawing
process is completed and the temperature of the test
specimen has stabilized with the ambient conditions,
monotonic or cyclic triaxial tests can be performed to
determine the in situ static or dynamic strength proper-
ties, respectively.
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alignment of temperature holes assures that monitored
temperatures are always taken at a constant distance from
the freeze pipes.

D-4. Freeze Plant System

Although there is not a “best” or unique system for con-
ducting the in situ freezing and drilling and sampling
operations, the design of a suitable freeze plant system Upon completion of the drilling, freeze or temperature

can be accomplished by cooperation of refrigeration monitoring pipes, which have been previously pressure
personnel who are knowledgeable of artificial ground tested for leakage, can be installed in the borehole. Prior
freezing operations and geotechnical personnel who are to backfilling the annulus between the pipe and the walls
knowledgeable of the site conditions. In principle, the of the borehole with granular material, the vertical devia-

freeze plant system consists of three separate systems.tion of each pipe should be measured by a suitable
The refrigerator system which is similar to a refrigerator device, such as a borehole inclinometer. After the bore-
or freezer home appliance consists of a motor, compres- holes have been backfilled, each freeze pipe can be fitted
sor, condenser, and evaporator. The freeze hole systemwith valves, insulated supply and return lines, and other
consists of a chiller, a reservoir for storage of the chilled equipment or gauges which are required for operation of

drilling fluid, a brine pump, and the pipe for circulating
the chilled brine to the freeze holes. The monitoring or

data acquisition system includes pressure, temperature,

and flow rate sensors.

a. Freeze plant The purpose of the freeze plant is
to cool the brine, which is circulated through the freeze

the system. From the literature, the pipes used in the
freeze holes were typically 8 to 10 cm (3 to 4 in.) in
diameter while the pipes used in the temperature holes
were either the same diameter or slightly smaller.

c. Monitoring system To monitor system opera-
tions, a variety of instruments is required. Brine pres-

holes, to a temperature much less than 0 deg C (32 deg sures and flow rates should be monitored at the pump

F) as well as to chill the drilling fluid sufficiently to
prevent thawing of the core during drilling operations.
During field operations, the brine is cooled in the chiller
by the refrigeration system, circulated through the freeze
pipes by the brine pump, returned to the refrigeration
plant, and recirculated through the chiller; a similar tech-
nigue is used for cooling the drilling fluid. Consider-
ations for the design of the freeze plant should include:
seepage in the foundation could require a large amount
of energy to freeze the formation; and the use of two
smaller refrigeration plants, i.e., one for in situ freezing
and one for chilling the drilling fluid, would allow more
flexibility of the field operations as compared to one
large plant. From data published in the cited literature,
the refrigerator plants were typically 30 to 60 kilowatts
(kw) (100,000 to 200,000 BTU/hr or 8.5 to 17.0 tons),
although one system was reported as 260 kw
(890,000 BTU/hr or 74.0 tons).

b. Freeze holes and temperature holesFreeze
holes and temperature monitoring holes can be drilled
and constructed identically, except that temperature moni-
toring holes do not have to be fitted for brine recircula-
tion. Holes should be drilled slightly larger in diameter
than the diameter of the pipes to be placed in the holes.
To ensure the vertical alignment of all holes, which is
fairly critical, the kelly can be plumbed by sighting
through a transit. For example, nonvertical freeze holes
could result in a pocket or window of unfrozen material
within the frozen mass or the intrusion of freeze holes
into the desired sample area. Similarly, the vertical

(supply line) and before the chiller (return line). The
refrigeration plant compressor head pressure and suction
pressure should also be monitored. Thermocouples or
other suitable temperature monitoring devices should be
installed at several locations along the coolant supply and
return lines, such as immediately ahead of and behind
each freeze hole. A string of thermocouples should be
suspended in the brine-filled temperature monitoring
pipes at regular intervals, e.g., approximately 1.2- to
1.5-m (4- to 5-ft) intervals, to monitor the cooling and
subsequent freezing of the formation. The thermocouples
can be connected to a multiple-switch monitoring box
with a digital thermometer. All operations data should
be routinely recorded at regular intervals, e.g., every 4 hr.

D-5. Undisturbed Sampling Operations

a. Coring Coring can be accomplished using a
conventional double- or triple-tube core barrel equipped
with a diamond or tungsten bit. The drilling fluid is
cooled by circulating it through a heat exchanger con-
nected in parallel to the refrigeration plant; a time of 1 or
2 hr or more may be required to reduce the temperature
of the drilling fluid to below freezing before drilling
operations can begin. Although drilling operations must
be tempered to the site-specific conditions, it is suggested
that rapid penetration of the bit at high revolutions per
minute (rpm) will usually produce the best quality sam-
ples. Because the frozen ground and drilling fluid tem-
peratures are usually not low enough to prevent thawing
of the outermost periphery of the sample during drilling

D-3
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and sampling operations, it is probable that lower
penetration rates will generally result in more thawing at
the periphery of the core and consequently more erosion
of the core by the circulating drill fluid. See Chapter 9
for additional information on sampling frozen soils.

b. Handling of core The length of the core run is
dependent upon the dimensions of the core barrel and
may be several feet. As soon as the core is taken from
the core barrel, it should be placed in a sturdy cradle and
carried to a refrigerated van where it can be logged,
photographed, and cut into shorter lengths. Cutting of
the core can be accomplished by a band saw or a ham-
mer and chisel. The cut core should then be wrapped in
two or three layers of plastic wrap followed by two or
three layers of aluminum foil and then carefully sealed
with strapping tape to prevent sublimation of the ice.
After each segment of core has been sealed, it should be
placed in a suitable container, such as a section of split
PVC pipe, and secured by strapping tape for transport to
the laboratory and subsequent storage. The sample
should then be identified and boring logs should be
updated. See Chapter 13 for guidance on the handling
and storage of samples and maintaining sampling records.

D-6. Precautions

Because of limited experience of the profession regarding
in situ freezing, each investigation must be tailored to the
site conditions. Therefore, comprehensive guidance and
rules governing in situ freezing cannot be established for
specific situations. However, several precautions are
identified which may enhance the field operations.

e The candidate formation should be free draining
and relatively free of silt and clay (lenses) which
could result in impeded drainage or migration of
water towards the freeze front. Unfortunately,
this same characteristic may also cause unantici-
pated freezing difficulties due to the large seep-
age gradients or velocities in the formation.

e The freeze hole layout and spacing should be
optimized for the foundation conditions. Prior to
installation, freeze pipes and temperature pipes
should be checked for leaks. Care should be
exercised to ensure that one-dimensional freezing
of the formation occurs. This operation can be
enhanced by carefully drilling vertical freeze
holes and checking the verticality of the freeze
pipes prior to backfilling the holes.

D-4

The temperature of the brine used in the freeze
holes should be monitored at several locations
along the pipes of the freeze system, such as at
the chiller and the return from each hole.
Similarly, the temperature of the brine in the tem-
perature holes should be monitored at selected
depths and at regular time intervals to determine
the passage of the freeze front.

The efficiency of the freeze plant operations
should be optimized by adjusting the flow rate of
the brine and the corresponding temperature, or
temperature change, to obtain the maximum
energy exchange with the formation. However,
care is needed when the method for optimizing
the system efficiency is selected. For example, in
an effort to increase the rate of freezing of a sand
formation at a site in Kansas (U.S. Army Corps
of Engineers, Kansas City District 1986), liquid
carbon dioxide (CQ was injected into the brine.
Although the temperature of the brine was
reduced 5 to 10 deg C (10 to 20 deg F) by the
addition of liquid CQ, the highly corrosive CO
and brine mixture resulted in adverse effects on
the freezing operations. Pipe scale clogged the
brine chiller and thus caused high pressure losses,
damage to brine pump, and excessive
maintenance.

Sampling should be conducted in an area located
as far as practical from the freeze holes and tem-
perature monitoring holes to minimize the distur-
bance caused by the installation of the in situ
freezing system. Drilling and sampling should be
accomplished as rapidly as possible to minimize
thawing and erosion of the core. Two options are
available to enhance quality of the frozen core.
Since the ice content of the frozen core is inde-
pendent of the artificial freezing techniques which
are employed, the torsional strength can be in-
creased only by decreasing the temperature of the
pore ice or increasing the diameter of the core. A
refrigerated van, or comparable facility, is needed
at the site for logging, sealing, and storage of the
frozen cores prior to shipment to the laboratory.
After the cores have been received at the labora-
tory, tests should be conducted to determine if the
soil has been contaminated by the drilling fluid
and the effect(s) of the contamination on the
engineering properties of the soil.
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Appendix E
Visual Identification of Soil Samples

E-1. Field Identification Techniques

Visual identification techniques reported herein generally
yield results which are consistent with the Unified Soll
Classification System (ASTM D 2487, 1993; ASTM D
2488, 1993; U.S. Army Engineer Waterways Experiment
Station, 1960}. Because these techniques are primarily
visual, subtle discrepancies may exist between the identi-
fications obtained in the field and the classifications
determined in the laboratory. However, the results are
meaningful provided the inspector makes careful and
consistent identifications. See Chapter 13 for details on
handling and storage of samples and maintaining sam-
pling records. The inspector's equipment required to
conduct these tests is limited to a pocket knife, scale,
magnifying glass, and a small container of diluted hydro-
chloric acid. Table E-1 can be used as a checklist for
conducting a systematic visual identification of a soil
sample; it is also useful for locating the appropriate table
and/or figure which describe(s) a test procedure for visu-
ally identifying the soil.

E-2. Grain Size

The inspector must first determine whether the material
is coarse grained or fine grained. To make this determi-
nation, spread a representative sample on a flat surface.
Determine whether or not the predominant size fraction
is discernible with the naked eye. Coarse-grained soils
vary from particles in excess of 75 mm (3 in.) in diame-
ter to particles just discernible with the unaided eye, such
as table salt or sugar, whereas fine-grained soils are
microscopic and submicroscopic. The predominant mate-
rial of peat or muck is decaying vegetation matter.
Table E-2 and Figure E-1 may aid in determining the
grain size of the soil in question. If the predominant
material is coarse grained, follow the procedures outlined
in paragraph E-2 if the soil is fine grained, follow the
procedures outlined in paragraph B-2

a. Coarse-grained soils.

(1) Coarse fraction Once the soil has been deter-
mined to be coarse grained, further examination is

! References cited in this appendix are included in
Appendix A.

EM 1110-1-1906
30 Sep 96

required to determine the grain size distribution, the grain
shape, and the density of the in situ deposit (if applica-
ble). The gradation of coarse-grained soils can be
described as well graded, poorly graded, or gap graded.

Table E-3 and Figure E-2 can be used in selecting the
appropriate descriptive terms. Soil particles can also be
described according to a characteristic shape. Particle
shape may vary from angular to rounded to flat or

elongated. Appropriate descriptive terms are listed in

Table E-4; particle shapes are illustrated in Figure E-3.
The density of an in situ deposit of a coarse-grained soll
is also valuable information. Results obtained by push-
ing a reinforcing rod into a surface deposit or from the

Standard Penetration Test may indicate the density of an
in situ deposit. Appropriate descriptive terms may be

selected from Table E-5.

(2) Fine fraction The plasticity characteristics of
the fine fraction of a coarse-grained material also need to
be determined. The tests for fine-grained soils (para-
graph E-b) which are described in Table E-6 and illus-
trated in Figures E-4 through E-10 can be used to
characterize the fine fraction of the soil sample in
guestion.

b. Fine-grained soils.

(1) Coarse fraction The coarse-grained fraction,
where applicable, should be described in terms of the
size of the predominate grain size, i.e., sand or gravel.
Paragraph E& Table E-2, and Figure E-1 may aid in
selecting appropriate descriptive terms.

(2) Fine fraction. Several tests may be useful in
determining the plasticity characteristics of fine-grained
soils or fractions thereof; these tests include the dilatancy
or reaction to shaking test, the dry strength test, and the
toughness and plasticity tests. For each test, the fraction
which passes the No. 40 U.S. Standard Sieve (0.42 mm)
is used; this fraction corresponds to the fraction which is
required for determination of Atterberg limits. For the
purpose of the visual tests, however, screening is not
important; the removal of coarse particles is adequate.
Tests to determine the plasticity characteristics of the fine
fraction are described in Table E-6, the dilatancy test is
illustrated in Figures E-4 through E-7, the dry strength
test is presented in Figure E-8, and toughness and plastic-
ity tests are given in Figures E-9 and E-10, respectively.

c. Other tests The dispersion (settlement in water)
test and the bite test can be used to determine the

E-1
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presence of and relative amounts of sand, silt, and clay

E-4. Mass Structure and Mass Defects of Soil

fractions (see Table E-6). Several other tests, such as the Formations

odor and the peat tests for determining the presence of

organic matter, the acid test for determining the presence
of a calcium carbonate cementing agent, and the slaking
test for determining whether the “rocklike” material is
shale, are listed in Table E-6. Strength descriptors of a
clay sample are listed in Table E-7.

E-3. Soil Moisture and Color

Soil moisture and color are important indicators of soil
conditions. For example, visible or free water from a
soil sample can infer the proximity of a water table. The
color of a moist soil sample tells much about the miner-
als and chemicals present in the soil, the drainage condi-
tions, and the presence of organic matter. Soil color
charts prepared for the U.S. Department of Agriculture
(USDA) by the Munsell Color Company, New Windsor,
NY 12553, are helpful for describing the color of soil
samples. Soil moisture conditions or water contents can
be described following the criteria presented in
Table E-8. The importance of color for identifying and

Mass structure and mass defects yield data about the
geotechnical engineering behavior of a soil formation in

guestion. For example, a varved clay would most likely

have different engineering properties from an homoge-
neous deposit of one of the constituent soils. Likewise,

slickensides indicate a clay deposit has been overcon-
solidated because of desiccation, surcharge loading, or
both; an overconsolidated clay would have different

engineering properties from a normally consolidated

deposit of the same material. Descriptive terms for mass
structure and mass defects of a soil formation are pre-
sented in Tables E-10 and E-11, respectively.

E-5. Description of Soils

As presented in the footnote in Table E-1, the description
of a soil sample should contain appropriate terms to
characterize the soil type and grain size, its moisture
content and color, and mass structure and defects. Com-
monly used names and descriptions for selected soils are

classifying moist fine- grained soils is shown in presented in Table E-12.
Table E-9.
Table E-1
Order of Description for Soils
Criteria Table No. Figure No.
Soil types and particle sizes E-2 E-1
Coarse-grained soils
Description of gradation of coarse-grained soils E-3 E-2
Description of grain shape of coarse-grained soils E-4 E-3
Density of coarse-grained soils E-5
Fine-grained soils
Field identification procedures for fine-grained
soils E-6 E-4/E-10
Strength or consistency of clays E-7
Moisture content E-8
Role of color for identification of moist fine-grained soils E-9
Terms for describing mass structure of soils E-10
Terms for describing mass defects in soil structure E-11
Commonly used descriptive soil names E-12

Example: Sand, fine, silty, tan, poorly-graded, dense, wet, subrounded, very friable with occasional clay lenses.

E-2
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Table E-3

Description of Gradation of Coarse-Grained Soils

Descriptive Term Meaning

Well graded A good representation of all grain sizes is present
Uniformly or poorly graded All grains are approximately the same size

Gap graded Intermediate grain sizes are absent

Table E-4

Description of Grain Shape of Coarse-Grained Soils

Descriptive Term Example

Angular Irregular with sharp edges such as freshly broken rock
Subangular Irregular with smooth edges

Subrounded Irregular but smooth as a lump of molding clay
Rounded Marble or egg shaped, very smooth

Flaky Sheet of paper or flake of mica

Flat Ratio of width to thickness greater than 3

Elongated Ratio of length to width greater than 3

Table E-5

Density of Coarse-Grained Soils

Descriptive Term Blows per Foot*? Field Test
Very loose Lessthan4 e
Loose 4-10 Easily penetrated with a 13-mm- (1/2-in.-) diam reinforcing rod

pushed by hand

Medium dense 10-30 Easily penetrated with a 13-mm- (1/2-in.-) diam reinforcing rod
driven with a 2.3-kg (5-Ib) hammer

Dense 30-50 Penetrated 0.3 m (1 ft) with a 13-mm- (1/2-in.-) diam reinforcing rod
driven with a 2.3-kg (5-Ib) hammer

Very dense Greater than 50 Penetrated only a few centimeters with a 13-mm- (1/2-in.-) diam
reinforcing rod driven with a 2.3-kg (5-Ib) hammer

! From SPT (Appendix B, Table B-1).
21 ft = 0.3048 m.
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Table E-7
Strength or Consistency of Clays

Unconfined
Blows® Compressive

Descriptive per_ Strength

Term Foot? kPa (tsf) Field Test

Very soft <2 <25 (<0.25) Core (height twice diameter) sags under its own weight while
standing on end; squeezes between fingers when fist is
closed

Soft 2-4 25-50 (0.25-0.5) Easily molded by fingers

Medium 4-8 50-100 (0.5-1.0) Molded by strong pressure of fingers

Firm 8-15 100-190 (1.0-2.0) Imprinted very slightly by finger pressure

Very firm 15-30 190-380 (2.0-4.0) Cannot be imprinted with finger pressure; can be penetrated
with a pencil

Hard > 30 > 380 (> 4.0) Imprinted only slightly by pencil point

! From SPT (Appendix B, Table B-1).
21 ft = 0.3048 m.

Table E-8
Moisture Content

Estimated
Water
Content
Condition percent Example
Dry 0-10 Absence of moisture; well below optimum water content for
fine-grained soils
Moist 10 - 30 Fine-grained - damp, near optimum water content
Coarse-grained - no visible water
Wet 30-70 Fine-grained - well above optimum water content

Water bearing -

Coarse-grained - visible water

Water drains freely, below water table
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Table E-9

Role of Color for Identification of Moist Fine-Grained Soils

General:

Detect different soil strata
Detect soil type based upon experience in

local area

Colors become lighter as water content decreases

Soil Type:

Inorganic soils have clean, bright colors: light gray, olive green, brown, red, yellow, or white
Organic soils have dark or drab shades: dark gray, dark brown, or almost black

Presence of Chemicals:

Iron oxides: red, yellow, or yellowish brown
Silica, calcium carbonate, or aluminum compounds: white or pinkish

Drainage Conditions:

Poor: grayish blue and gray or yellow mottled colors

Table E-10
Terms for Describing Mass Structure of Soils

Descriptive Term

Definition

Homogeneous Uniform properties

Heterogeneous Mixtures of soil types not in layers or lenses

Stratified Alternate layers of different soils or colors

Laminated Repeating alternate layers of different soils or colors 3 to 6 mm (1/8 to 1/4 in.) thick
Banded Alternate layers in residual soils

Lensed Inclusions of small pockets of different soils

Table E-11

Terms for Describing Mass Defects in Soil Structure

Descriptive Term

Definition

Slickensides

Root holes

Fissures
Weathered, oxidized
Concretions

Blocky

Fracture of failure planes (polished surfaces) seen in stiff clays

Holes remaining after roots have decayed

Cracks from shrinkage, frost, etc.; specimen breaks along a definite plane of fracture
Irregular discolorations

Accumulations of carbonates or iron compounds

Cohesive soil broken into small angular lumps which resist further breakdown
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1. Coarse gravel

b. Fine gravel

Figure E-1. Photographs of several soils to aid in selecting terms for describing the grain size of soil (Sheet 1 of 3)
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d. Fine sand

Figure E-1. (Sheet 2 of 3)
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a. Silt or clay

Figure E-2. (Sheet 3 of 3)
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a. Well graded

Figure E-2. Photographs of several soils to aid in selecting terms for describing the gradations
of coarse-grained soils (Continued)
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c. Gap graded

Figure E-2. (Concluded)
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a. Rounded

b. Subrounded

Figure E-3. Photographs of several soils to aid in selecting terms for describing the grain shape
of coarse-grained soils (Continued)
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c. Subangular

L 5
d. Angular

Figure E-3. (Concluded)
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Figure E-4. Appearance of a sample of moist, fine-grained soil prior to conducting the
dilatancy test.

Figure E-5. Livery appearance of a sample of a moist, fine-grained soil which occurred as a
result of shaking during the dilatancy test
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fine-grained soil being squeezed during the

Figure E-6. Photograph of a sample of a moist

dilatancy test
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Figure E-7. A sample of a moist, fine-grained soil cracking and crumbling during the dilatancy test
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Figure E-9. A sample of a moist, fine-grained soil being rolled to a 3-mm- (1/8-in.-) diam thread
to determine its toughness and plasticity
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Figure E-10. Photograph of a sample of a moist,
fine-grained soil being flattened to a ribbon

about 3 to 6 mm (1/8 to 1/4 in.) thick to determine
its toughness and plasticity
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