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DISCLAIMER

THE FOLLOWING STANDARD OPERATING PROCEDURE PROVIDES GENERAL GUIDANCE FOR BRC CONTRACTORS FOR TECHNICAL ISSUES ADDRESSED DURING ENVIRONMENTAL SITE INVESTIGATION AND REMEDIATION ACTIVITIES.  IT IS NOTED, HOWEVER, THAT EACH SITE IS UNIQUE AND THESE GUIDELINES ARE NOT A SUBSTITUTE FOR COMMON SENSE AND GOOD MANAGEMENT PRACTICES BASED ON PROFESSIONAL TRAINING AND EXPERIENCE.  IN ADDITION, INDIVIDUAL CONTRACT TERMS MAY AFFECT THE IMPLEMENTATION OF THIS STANDARD OPERATING PROCEDURE.  BRC CONTRACTORS RESERVE THE UNRESTRICTED RIGHT TO CHANGE, MODIFY OR NOT APPLY THESE GUIDELINES IN THEIR SOLE, COMPLETE, AND UNRESTRICTED DISCRETION TO MEET CERTAIN CIRCUMSTANCES, CONTRACTUAL REQUIREMENTS, SITE CONDITIONS, OR JOB REQUIREMENTS.
1.0 INTRODUCTION

Cone Penetrometer Testing (CPT) is a method for obtaining soil data without collecting soil samples. Engineering and scientific applications include geotechnical design and hydrogeologic characterization. The use of CPT methods for the determination of subsurface lithologies and stratigraphy is described in American Society for Testing and Materials (ASTM) Method D‑3441-98, which is included as Attachment 1 to this Standard Operating Procedure (SOP). 
Two general types of cones, mechanical and electric, are described in the literature. Electric cones have replaced mechanical cones for most applications, and this SOP describes electric cones only. 
The purpose of this SOP is to aid in the selection of cones appropriate for site conditions, aid in the collection and interpretation of CPT data, and describe limitations of the method and sources of error.

2.0 DEFINITIONS

	Cone
	The cone-shaped point of the penetrometer tip, upon which the end-bearing resistance develops.

	Cone Penetrometer
	An instrument in the form of a cylindrical rod with a conical point designed for penetrating soil and soft rock and for measuring the end-bearing component of penetration (Figure 1)

	Cone Resistance, end-bearing resistance, 
or tip resistance, qc
	The resistance to penetration developed by the cone, equal to the vertical force applied to the cone divided by its horizontally projected area.

	Electric Penetrometer
	A penetrometer that uses electric-force transducers built into a non-telescoping penetrometer tip for measuring, within the tip, the component(s) of penetration resistance.

	Friction-Cone Penetrometer
	A cone penetrometer with the additional capability of measuring the local side friction component of penetration resistance.

	Friction Ratio, Rf
	The ratio of friction resistance to cone resistance, fs/qc.

	Friction Resistance, fs
	The resistance to penetration developed by the friction sleeve, equal to the vertical force applied to the sleeve divided by its surface area. This resistance consists of the sum of friction and adhesion.

	Friction Sleeve
	A section of the penetrometer tip upon which the local side-friction resistance develops (Figure 1).

	Penetrometer Tip
	The end section of the penetrometer, which comprises the active elements that sense the soil resistance, the cone, the friction sleeve and the piezo-element.

	Piezocone Penetrometer 
or Piezocone
	An electric penetrometer tip equipped with a ceramic filter, which permits the measurement of pore water pressure (µ) during and after stopping tip penetration (Figure 1).

	Pore Pressure Ratio or Differential Pore Pressure
	Pore water pressure (µ) divided by the tip resistance.

	Push Rods
	The thick-walled tubes, or other suitable rods, used for advancing the penetrometer tip to the required test depth.

	Thrust Machine
	A machine that provides a continuous stroke, preferably over a distance greater than one push rod length. This machine must advance the penetrometer tip at a constant rate while the magnitude of the thrust required fluctuates. Thrust machines are usually one component of the CPT rig, which is available in different sizes for various applications. 


3.0 RESPONSIBILITIES

The Project Manager or Task Leader (a qualified Nevada Certified Environmental Manager [C.E.M.]) will select site-specific CPT methods with input from the Field Team Leader and Site Geologist, and will maintain close supervision of activities and progress.

The Field Team Leader (a qualified Nevada C.E.M.) implements the selected drilling program and assists in the selection of CPT methods. If obstructions stop penetration of the cone penetrometer before total depth is reached, the Field Team Leader will instruct the rig operator to either abandon or relocate the CPT point.

The Rig Geologist selects site-specific CPT options; assists in preparing technical provisions for CPT fieldwork; obtains required permits and clearances before CPT testing begins; oversees CPT operations; and interprets site specific lithology based on graphical CPT plots.
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Figure 1
Terminology Regarding the Cone Penetrometer

4.0 CONE PENETROMETER TESTING

Sections 4.1 and 4.2 describe the type of data typically obtained by CPT methods and conventional interpretation techniques. Data error sources are described in Section 4.3 and applications of CPT are introduced in Section 4.4

4.1 Cone Resistance and Friction Sleeve Data
The recommended graphical presentation of CPT data should include the following:

· qc vs. depth (where qc = bearing force divided by bearing area)

· fs vs. depth (where fs = friction sleeve force divided by surface area of sleeve)

· Rf vs. depth (where Rf = friction ratio)

· Measured µ vs. depth

· Soil behavior type vs. depth 

A typical graphical plot of CPT data is included as Figure 2 where the collected CPT data is represented from left to right as tip resistance, local friction, friction ratio, pore pressure, and soil behavior type. These plots are generated in the field so the rig geologist can make lithologic interpretations immediately. Stratigraphic information is obtained from CPT data by correlating tip resistance with friction ratio on a soil classification graph similar to the upper graph of Figure 3. 

4.2 Pore Pressure Data
The addition of pore pressure measurement aids in the interpretation of geotechnical and hydrogeologic parameters, particularly in loose or soft saturated deposits. Advantages to using CPT equipped with a piezocone are as follows:

· Ability to distinguish between drained, partially drained and undrained penetration

· Ability to correct measured cone data to account for unbalanced water forces due to unequal end areas in cone design (see Section 4.3)

· Ability to evaluate flow and consolidation characteristics

· Ability to assess equilibrium groundwater conditions

· Improved soil profiling and identification

· Improved evaluation of geotechnical parameters (Robertson and Campanella, 1986)

Figure 2 contains a typical example of a field plot of pore pressure ratio vs. depth and Figure 4 shows an example plot of a pore pressure dissipation test.

4.3 Sources of Interpretation Error
Using the simple graphical techniques described in Sections 4.1 and 4.2 to interpret lithology from CPT data must be done with caution. When available, CPT data should be correlated with lithologic and/or geophysical data collected from soil borings in the immediate vicinity of the CPT location. This is important because of the many factors that affect CPT data. A few of the factors affecting data quality are listed below.

Unequal Area Effects

Water pressures can act on the exposed surfaces behind the cone tip and on the ends of the friction sleeve. These water forces result in measured tip resistance and sleeve friction values that do not represent true total stress resistances of the soil. Robertson and Campanella (1986) describe a method to correct for unequal area pore pressure effects. The importance of this correction is especially significant in soft clays, where high values of pore pressure and low cone resistance may lead to the physically incorrect situation of µ > qc.
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Figure 2
Field Plot of Tip Resistance and Local Friction
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Figure 3
Proposed Soil Behavior Type Classification System from CPT Data
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Figure 4
Field Plot of Pore Pressure

Temperature Effects

The load cells and pressure transducers within the electric penetrometer are often temperature dependent and are usually calibrated at room or air temperature. However, soil and groundwater are often considerably cooler than the calibration temperature and a shift in the zero can occur for both load cells and pressure transducers during penetration. For cone testing in dry sand, considerable heat can be generated during penetration. These changes in temperature have little consequence for cone testing in sand where measurements are usually large. However, the zero shift can be significant in very soft or loose soils. A temperature shift can make friction measurements very unrealistic especially with subtraction type cones where the zero shift may be different for each load cell. If the temperature of the cones is continuously monitored and temperature zero shift calibrations obtained, it is possible to correct all data as a function of temperature. These corrections are easily accommodated in a computer based acquisition system.

Layering Effects

Theoretical cavity expansion models and chamber test studies have shown that the cone penetration resistance is, qc, influenced by an interface ahead and behind the tip. The distance over which the cone tip senses an interface increases with increasing soil stiffness. Thus, the cone tip can respond fully (i.e., qc to reach full value within the layer) in thin soft layers better than in thin stiff layers. Chamber studies show that the tip senses an interface between 5 to 10 cone diameters ahead and behind. For interbedded deposits, the thinnest stiff layer the cone bearing can fully respond to is about 10 to 20 cone diameters. For the standard 10 cm2 electric cone, the minimum stiff layer thickness to ensure full tip resistance is therefore between 14 inches to 28 inches (36 centimeters [cm] to 72 cm). Therefore, if a sand layer is less than about 28 inches (70 cm) thick and located between two soft clay deposits, the cone penetration resistance may not reach full value within the sand because of the close proximity of the adjacent interfaces. Thus, the relative density in the sand may be severely underestimated. 
The continuous monitoring of pore pressures during cone penetration can significantly improve the identification of soil stratigraphy. The piezo-element (Figure 1) responds instantly to changes in pore pressure. The pore pressure develops in response to the soil type being penetrated in the immediate area of the pore pressure sensing element. For thin sand layers within a body of clay, the drainage characteristics of the sand become very important. Generally, sands give very low or negative pore pressures while clays are very high. Dilative silts also give low or negative pore pressures while contractive silts give high positive pore pressures. 
Depth Effects
A problem that has been recognized for some time with soil classification charts that use qc and Rf is that soils can change in their apparent classification as cone penetration resistance increases with increasing depth. Existing classification charts are based predominantly on data obtained from CPT profiles extending to a depth of less than 100 feet (30 meters). This is because measured parameters all tend to increase with depth due to increasing overburden stress. For example, the cone resistance will increase linearly with depth in a thick deposit of normally consolidated clay. Therefore, stratigraphic interoperations from CPT data obtained at depths greater than 100 feet (30 meters) may be erroneous.

4.4 Applications
The conventional CPT cone designed to collected qc, fs, and µ can be used for many applications. Robertson and Campanella (1986) describe a variety of geotechnical applications. The following list includes those applications that could aid in environmental site characterization studies:

· Checking the adequacy and uniformity of placed fill

· Locating bedrock

· Checking the amount of undesirable material for excavation

· Locating cavities in soft rocks, e.g., chalk

· Locating permafrost

· Pipeline investigations

· Determining depth to permeable zones for collection of groundwater samplings. Two methods commonly used, in conjunction with CPT, for groundwater collection are HydroPunch® and BAT® porous probe sampler.

· Characterization of location, orientation and extent of permeable zones.

In addition to the basic cone (Figure 1), other cones are available for the collection of various types of data. The following new cone designs are included as Attachment 2:

· Electrical Resistivity Cone Penetrometer 

· Seismic Cone Penetrometer 

· Ultra High Resolution Piezo Cone Penetrometer 

· Ultra Violet Induced Fluorescence Cone Penetrometer 

· Gamma Cone Penetrometer 

· Active Gamma Penetrometer 

More information on cone designs and applications is available through the internet at www.conetec.com.

4.5

Field Data Collection Procedures
4.4.1 Permits/Clearances

Before beginning field work, required regulatory drilling/exploratory boring permits must be acquired. This is the responsibility of the rig geologist. Depending on the geographical region, permits may be issued through local, county or state regulatory bodies. In addition to drilling/exploratory boring permits, utility clearances must be acquired from all pubic and/or private companies that potentially have utilities in the investigation site. Utilities must be clearly marked so the rig operator can avoid these lines. The subcontract should stipulate responsibility for severed utilities and damaged CPT equipment.

4.4.2 General Procedures

Efficient field operations with electric cone testing require skilled operators and adequate technical back-up facilities for calibration and maintenance of equipment. Equipment operators begin by leveling the CPT rig over the testing point. Leveling is accomplished with hydraulic jacks. Once level, the operator may run a "dummy cone" into the upper zone (0 to 3 feet, 0 to 1 meter below ground level), if gravel or random fill is suspected. Next, the operator will prepare the piezo-element, which involves de-airing of the porous filter element; de-airing of the cone, especially with respect to the pressure chamber immediately adjacent to the pressure transducer; and assembling of the cone and filter. The prepared cone is then lowered on a string of cone rods. The rate of penetration is set between 2 to 4 feet per minute (10 to 20 millimeters per second), ±25 percent when obtaining resistance data. During penetration, the electric penetrometer produces continuous data that requires relatively complex data collection and processing. The signals are usually transmitted via a cable pre-threaded down the standard push rods.

The digital data is incremental in nature, typically recording all channels every 5 cm in depth. Data is stored on floppy diskettes for future transfer of data to an office computer and plotter. Typically, printers and plotters are used in the field with microprocessors to calculate, print and plot data immediately after completion of or during cone tests.

In the field, simple check calibrations and procedures are essential after connecting the equipment to ensure that all is functioning properly. Between tests, the CPT operator should check the cone and friction sleeve for obvious damage or wear. The seals between different elements should also be cleaned and inspected. The site geologist should verify that load measurement systems are calibrated at intervals not to exceed three months, and more frequently when the equipment is in use continuously. 
4.4.3 Penetration Abandonment

To comply with groundwater regulatory ordinances, all CPT holes must be sealed to protect aquifers from surface contamination and cross aquifer contamination. Typically, a tremmie line is run to total depth through a string of push rods. (If the rig operator is confident that the formation will not close, the tremmie line may be lowered by hand after the rig mobilizes off site.) The tremmie line remains in the hole while the push rods are removed. Then the hole is grouted with a bentonite/cement slurry, through the tremmie line, from total depth to ground surface, and the tremmie line is removed as the slurry rises in the hole.

5.0 REFERENCES

Robertson, P.K., and R.G. Campanella, 1986. Guidelines for Geotechnical Design using the Cone Penetrometer Test and CPT with Pore Pressure Measurement, Hogentogler and Company, Inc., P.O. Drawer 2219, Columbia, Maryland 21045 USA, Toll Free Phone: 1‑800-638-8582.
Attachment 1
ASTM Designation: D3441-86

Standard Test Method for Deep, Quasi-Static, Cone and
Friction-Cone Penetration Tests of Soil

Source: 1991 ANNUAL BOOK OF ASTM STANDARDS, Section 4, Construction, Volume 04.08.
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 Attachment 2
New Cone Designs

Electrical Resistivity Cone
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The resistivity cone penetration test
(RCPTU) combines the downhole
analysis of soil resistivity and the
logging capabilities of the cone
penetration test (CPTU). The RCPTU
provides a rapid, reliable and
economic means of determining soil
permeability, stratigraphy, and strength
in addition to providing relative
measurements of electrical resistivity.
The ability to determine groundwater
and soil resistivity and various other
soil parameters in one operation on a
near continuous basis allows for the
accurate profiling of contaminated
groundwater plumes as well as some
estimate of the rate and direction of
groundwater flow through the soil.
Identification of the lateral and vertical
extent of contaminants enables the
engineer/ scientist to rapidly implement
a remedial works or recovery program
thereby mitigating the potential damage
caused by contaminated groundwater
seepage.

Source: ConeTec.




Seismic Cone Penetrometer
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The seismic cone penetration test
(SCPT) combines the seismic
downhole method and the logging
capabilities of the cone penetration
test (CPT) to provide a rapid, reliable
and economic means of determining
soil stratigraphy, relative density,
strength, shear and compressional
wave velocities. From interval shear
wave velocity (V) and the mass

density (p) of a soil layer, the
dynamic shear modulus (G,,,,) of the
soil over a specific interval can be
calculated according to the following
expression:

2
Gmax =P Vs

The dynamic shear modulus (G,
is a key parameter for the analysis of
soil behaviour in response to
dynamic loading from earthquakes,
ice, vibrating machine foundations,
waves and wind.

In addition to using a hammer as an
energy source, shotgun shells and
standard seismic caps may also be
employed to generate seismic waves.

Source: ConeTec.





Ultra High Resolution Piezo Cone Penetrometer
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detection of slide failure surfaces and
the evaluation of low strength mine
tailings, normally consolidated clays
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a resolution of 0.04 tsf.

Other cones include a choice of 250,
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capacities. Our cones also have
variable capacity friction sleeves (fs)
and pore pressure (u). The pore
pressure can be measures at one of 2
locations, either on the face of the
cone tip or behind the cone tip. Pore
pressure dissipation data is recorded
automatically.

The electrical piezocone (CPTU) is the
premier soil logging tool. The CPTU
provides a rapid, reliable and economic
means of determining soil stratigraphy,
relative density, strength and
equilibrium groundwater pressures.

All data is displayed in real time at the
ground surface, facilitating the on site
decision making process.

Source: ConeTec.




UVIF Cone Penetrometer
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Gamma Cone Penetrometer (GCPT)
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Active Gamma Penetrometer
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The active gamma cone is used to
measure in-situ soil density by
logging the back-scattered gamma
rays from a Cesium 137 source
located in the tip of the probe.
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6.8 Mechanicai Penetrometers:

6.8.1 Inner Rod Friction—Soil paricles and corrosion
can increase the fricion berween mner rods and push rods.
possibly resuiting 1n significant errors tn the measurement of
the resistance comoonenus). Clean and lubncate the mner
rods.

6.8.2 Wewgn:t ot inner Rods—For improvea accuracy at
low vaiues of cone resistance. correct the thrust data 1o
inciude the accumuiated weight of the inner rods from the
up to the topmost rod.

6.8.3 Jamrung—Soll particles between sliding surfaces or
bending of the up may jam the mechanism dunng the many
extensions and coilapses of the telescoping mechanical tip.
Stop the sounding as soon as uncorrectabie jammuing occurs.

6.9 Eleciric Penetromelers:

6.9.1 Water Sea/—Provide adequate waterproofing for
the electnc transducer. Make penodic checks to assure that
no water has passed the seats.

igiacent 10 Borings—A cone or fricuon-
23

NOTE !9—~Some etectnic up siceve designs are not compensated for
hvdrostauc end area effects and require a calibration correcuon.
Determining the net ena area of the cone under hvdrostatic pressure aiso
requires a nvdrostatic caubraton measurement. The up manutacturer
can usuallv supptv these caitbration correction constants. 1heir wmpor-
1ance ncreases as the sout being tested becomes weaxer.

7. Report

7.1 Gra®h ot Cone Resistance. g.—Every report of a cone
or fricuon-cone sounding shall inciude a graph of the
variauon of cone resistance (in units of tons or kPa) with
depth (in feer or metres). Successive cone-resistance iest
values from the mecnanmicai cone and friction-cone pene-
trometers. usuailv determined at equal increments of depth
and plotted at the depth corresponding to the depth of the
measurement. mav be connected with straight lines as an

approximanugen [or a conunuous graen.

7.2 Friction-Cone Penetromerer:

T.2.1 Grapn ot Friction Resistance.  —In addituon 1o the
grapn Of cone resistance t7.}} the recort mav incluge an
agjacent Or suUperposed grapn of ITclion rasistance or trcton
rauo. or both. witn depth. Use the same aepth scaie as 1n 7.1
(see 6.5).

7.2.2 Graph of Fricuon Ratio. R —11 the repont includes
soil descniptions esumated from the tnction-cone penetrom-
cter data. inciude a graph of the vanauon of fricuon rauo
with depth. Place this graph adjacent to the graph for cone
resistance. using the same deptn scale (see 6.5).

7.3 Piecocone Pencirometer—Iin addition to the 7.1 and
7.2 report reguirements. 2 piezocone sounding shail inciude
a parallel graph. 1o the same depth scaie. of measured pore
water pressure dunng the penetrauon versus depth. Excess
pore water pressure versus tme plots may aiso be con-
structed at those depths where the piezocone sounding 1s
interrupied (see Note |).

7.4 Generai—The operator shail record his name. the
name and locaunon of the job. date of sounding. sounding
number. location coordinates. and sou and water surface
elevauons if availabie}. The report snall aiso inciude 2 note
as to the type of penetrometer up used. the tvpe of thrust
machine. up and thrust caiibrauon information. or both. any
zero-drift noted. the method used to provide the reaction
force. if a fricuon reducer was used. the method of tip
advancement. the method of recording. tne condiuon of the
rods and up after withdrawal. and any special difficuities or
other observations concerning the performance of the equip-
ment.

7.5 Deviations from Standard—The report shall state that
the test procedures were1n accordance with this Test Method
D 3441. Describe compietelv any deviauons from this test
method.

8. Precision and Bias

8.1 Because of the manyv vanables invoived and the lack
of a supenor standard. engineers have no direct data to
determine the bias of this metnod. Judging from 11s observed
reproducibility 1n approximately uniform soil deposits. pius
the g, and /, measurement effects of speciai equipment and
operator care. persons famiiiar with this method estmate 1ts
precision as follows:

8.1.1 Mechanical Tips—Standard deviation of 10 % in g,
and 20 % in /..

8.1.2 Electric Tips—Standard deviauon of 5 % in g. and
10 % in /.. -

NOTE 20—These data may not match simuar data trom mechanical
ups tsee §.3).
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