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1.0 INTRODUCTION

"Cone PenetrometerTest" (CPT) and the Hydropunch'"(HP)will be used to

determinethe presenceof subsurfaceaquifermaterial at Naval Air Station

(NAS)MoffettField. HP will also be used to collectground water samples

from aquiferzones. Descriptionof calibration,data reportingrequirements,

and some operationalconstraintsare included. Standardizationof the design

and practicesof the CPT is by the AmericanSocietyof Testing Materials

(ASTM)Designation: D3441-86,which governs the testing,calibrationand

reportingof the procedure.

V
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2.0 OBJECTIVE

The CPT and Hydropunch*"are used to determineif subsurfaceaquifermaterial

exists and if that material is capableof producingwater to a well. These

methodsare less expensivethan drillingwells and can be a preliminarymethod

for the selectionof the locationsfor test-holedrilling. Because of this,

the CPT and HydropunchTM will be used in the initialPhase II field activities

of NAS Moffett Field.

These tests will be used to acquire physical data for soils classification,

and to collect ground water samples from the A aquifer. CPT surveys will be

made to locate the more sandy (and more permeable) A aquifer locations. Based

on this information, the Hydropunch" is used to collect a ground water

sample. Chemical analysis of the Hydropunch*" water samples is intended to

provide preliminary information about the distribution of contamination in the

A aquifer and will aid in the placement of Phase II wells within each site.

The water samples will be analyzed for volatile organic compounds (VOC) and

total petroleum hydrocarbons (TPHC) on a 48-hour turnaround time. One hundred

_w" and thirty CPT/Hyrdopunch*" locations are proposed at Sites 3 through 9. These

locations are tentative and are intended to provide the following data:

• Detailed lithologic and chemical information relevant to potentially
contaminated areas identified during the Phase I activity. CPT/
Hydropunch TM data will be used to evaluate the placement and need for
additional Phase II monitoring wells at all sites. Chemical and
geologic information obtained from these may indicate some wells are
improperly located or unnecessary. Wells will be relocated or elimi-
nated on the basis of these tests.

• Lithologic and chemical information upgradient and downgradient of

suspected contaminant sources. Chemical analysis of Hydropunch"

ground water samples will assist in determining the need for

upgradient and downgradient monitoring wells at these suspected

contaminant sources.

• Lithologicand chemical informationin areas not coveredduring

Phase I.
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3.0 SCOPE

The CPT soundings and Hydropunch*" sampling will be conducted up to the maximum

probable depth of the A aquifer, should it exist. It is anticipated that

soundings and sampling will not exceed a depth of 45 feet (15 meters), depend-

ing on subsurface conditions encountered. Stratigraphic and related geotech-

nical data will be obtained. CPT soundings will be performed at up to 172

locations. The initial planned locations are based on data from Phase I

activities and the objectives of Phase II and are shown in the Phase II plans

for each site. The final 25 percent of the CPT soundings, if needed, will be

located based on the initial CPT data, to locate sufficient aquifer material

for Hydropunch*" sampling. The Hydropunch*" will be employed at 130 loca-

tions. Locations of the Hydropunch*" will be determined based on known data

and on data collected from the adjacent CPT location. The Hydropunch TM will be

used to collect ground water samples at depths to be determined in the field.

Hydropunch*" equipment will be disassembled and steam-cleaned before use and

between holes. All water during steam cleaning operations will be drummed and

I_' temporarily stored on site. Decontamination procedures will be at least as

stringent as those outlined in Section 5.7.8 of the Sampling and Analysis

Plan. The cone penetrometer will be cleaned as necessary to remove soil and

other particulates from the tip and friction sleeve. Rinse water will be

drummed and disposed of with the HydropunchTM decon water.

All CPT and Hydropunch*" holes will be backfilled with bentonite-cement grout

when possible though some holes may cave in upon removal of the tools. The

holes will be grouted from total depth to surface using tremie pipe. If the

holes do not remain open, an expendable cone will be inserted on the end of

the HydropunchTM push rods or tremie pipe and advanced in the same hole to the

total depth. The expendable cone will be dislodged and cemented in place, and

the hole will be grouted from bottom to surface using this tremie method.

V
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4.0 PROCEDURES

The Field Coordinator will perform and document a quality check to determine

that the subcontractor has provided all the stipulated equipment and is

prepared to do the survey as planned. The CPT subcontractor will provide data

on the type and dimensions of the probes and equipment, type and location of

the piezoelement along with the results of previous periodic calibrations.

• CPT cones will be calibrated at zero load reading in air and water
and shielded away from direct sunlight before the sounding at each
location. Upon completion of the test, the piezocone will again be
calibrated to zero load reading and compared to the initial reading.

• The CPTwill be advanced into the subsurface at a consistent
controlled rate of 0.03 to 0.07 ft/second (I to 2 cm/second). Field
plots can consist of cone tip resistance, sleeve friction resistance,
friction ratio, depth, inclination, pore pressures and differential
pore pressure ratio.

• Pore pressure dissipation tests may be conducted when the CPT probe
is stationary at pre-chosen horizons and recorded for a set time
interval. The time interval is dependent on the lithology of the
zone being tested.

• The CPTwill be retracted from the hole and the hole grouted before
setting up over the adjacent Hydropunch" location.

• The HydropunchTM sample locations will be set approximately 3 to 4
feet (i to 1.2 meters) from a previous CPT location. The probe will
be advanced to the specified depth, which will be a permeable layer
as defined from the adjacent CPT. Once at the specified depth, the
outer jacket of the Hydropunch" probe will be "jerked" (retracted)
upwards to allow ground water inflow into the sample chamber. After
the sample chamber has filled, the probe will be retracted from the
hole and the sample transferred to the sample containers. To detect
when the sample chamber is full, a surgical glove may be placed over
the end of the push rod (before the sampler is retracted). When the
glove inflates, a sample has been collected (an optional technique to
use if unsure whether the chamber is full). The probe and push/drive
rods will be decontaminated before reuse as described in Section 4.0
of this document and 5.7.8 of the Sampling and Analysis Plan.

• For water level measurements using the Hydropunch", enough time
should ber allowed for ground water to fill the sample chamber and
the push rods. After static water level conditions are achieved, a
thoroughly decontaminated electric tape will be lowered through the
push rods and the water level is measured and recorded. The
measurement will be repeated three times. Measurement is referenced
to ground surface.

4
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• The CPT soundings and the Hydropunch*" ground water sample collection
Ip' will be performed by an experienced subcontractor under the direction

of the IT Field Supervisor.

v
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5.0 REPORTING

The CPT subcontractorwill provide a field survey report of the test data

prior to moving off each location. The CPT subcontractorwill record on the

survey reportthe operator'sname, date of the survey,and the CPT location

number. The report will includedescriptionsof the variousprobes and equip-

ment and the resultsof calibrationsperformedas well as interpretationof

the surveydata.

Profiles of cone tip resistance, sleeve friction resistance, friction ratio,

inclination, pore pressures and differential pore pressure ratio versus depth

will be included in the report. Graphs of pore pressure dissipation versus

time will be provided for each of the relevant test locations. In addition,

the report will list the derived geotechnical parameters related to the

subsurface conditions, including soil types, standard penetration test blow

counts, relative density, and shear strengths.

All data is to be storedon a magneticmedium for future processingand so

w that a printout (graphicalpresentation)of the data is immediatelyavailable

for in-fieldstratigraphiccorrelationand evaluation. The interpretative

data will be copied to floppy disks in ASCII format for furtherdata reduction

purposes.

V
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APPENDIX



1.0 EQUIPMENT

1.1 CONE PENETROMETERTEST

The CPT is conductedby hydraulicallydrivinga cone penetrometerinto the

soil. The cone penetrometermeasures tip resistance(Qc), sleeve friction

(Fs),pore pressure (U) of the soils and inclinationas it is driven. The

standardcone penetrometerhas a 60-degreeapex cone tip with a projected

cross sectionarea of 1.55 in.2 (10 cm2), and a friction sleevewith surface

area of 23.2 in.2 (150 cm2) +/- 2% and a lengthof 5.24 inches (13.3 cm).

However,these standardsare not always strictlyadheredto, with the friction

sleeve area and length varyingbetweenmanufacturers. Many companiesuse a

2.32 in.2 (15 cm2) cone because it is more rugged and can withstandpene-

tratinghard or gravelly soils.

The conical tip and cylindrical friction sleeve are attached to strain gauged

load cells which measure the soil resistance to penetration. The CPT tip also

contains a porous stone filter which is built into the cone tip and is

connected to a pressure transducer, which measures pore pressure. An inclino-

v meter in the penetrometerprovidesa check on the plumbnessof the penetro-

meter. Electronicsignalsfrom the pressure transducer,the strain gages and

the inclinometerare transmittedthrougha cable in the hollow push rods to

analog and digitaldata recorders,which comprise the data acquisition

system. The system is generallyhoused in the cabin of a 4-wheel drive 20 (18

metric) ton truck. The data acquisitionsystem for the CPT has a total of

eight recordingchannels. Data on cone tip resistance,sleeve friction

resistance,frictionratio, depth, inclination,pore pressuresand differ-

entialpore pressureratio are usually recorded. In addition,penetrationcan

be stoppedat any depth and pore pressure dissipationcan be measured. Dissi-

pation is recordedat set time intervalsor depths and can be recorded as long

as required.

The truck is rigged with a hydraulicjackingsystem used to drive the penetro-

meter, the load of the hydraulicram is transferredto the push rods either by

a thrust head on top of the push rods or by a hydraulicclamping system. Each

push rod is one meter in length. An electriccable has been insertedthrough

q_' all the push rods connectingthe penetrometerwith the automaticdata

I
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recording system. The maximum thrust the push rods can withstand is 45,000

pound force (Ibf) (200 kiloNewton (kN)). A 45,000 Ibf (200 kN) thrust will

penetrate depths up to i00 feet (30 meters) in dense or stiff materials and up

to 260 feet (80 meters) in looser soils. Power is supplied by the power-

takeoffs of the truck.

1.2 HYDROPUNCH"

The Hydropunch'" ground water sampling tool can be used with either cone pene-

trometer equipment or conventional drilling equipment to push or drive the

sampler to the desired sampling depth. The sampler is approximately 5 feet

(152 cm) long and 1.5 inches (3.8 cm) in diameter and is constructed entirely

of stainless steel and Teflon ®. The Hydropunch TM has a stainless steel drive

point, a perforated section of stainless steel pipe for sample intake, a

stainless steel and Teflon ® sample chamber which is capable of collecting 0.53

quarts (500 milliliters) of ground water, and an adapter to attach the unit to

either penetrometer push rods or standard soil sampling drill rods.

As the unit is pushed or driven through the soil, the sample intake pipe is

w shielded in watertight housing that prevents contaminated soil or ground water

from entering the unit. The shape of the sampler and its smooth exterior

surface prevents the downward transport of the surrounding soil and liquid as

the tool is advanced. When the desired sampling interval is reached, the

sampler is "jerked" (retracted) upwards 12 to 18 inches, exposing the sampling

port to the water-bearing zone, permitting ground water to flow through the

screen into the sample chamber. A disposable, polypropylene screen covers the

sampling port to filter out sand particles.

As a ground water sample is collected, the drive cone and the sample chamber

are flush against the borehole walls, serving as packers which isolate the

intake screen from ground water above and below the zone being sampled. The

sample is collected under in-situ hydrostatic pressure with no aeration. In

addition to the sample being collected, the potentiometric surface of the

aquifer being sampled can be measured from the stabilized water level inside

the push rods. After the sample chamber is filled, the Hydropunch _ is pulled

upwards. This increases the hydrostatic pressure in the unit compared to the

aquifer which closes the two Teflon ® check valves and retains the sample

2
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within the sample chamber. Upon retrieval, the upper check valve is replaced

_r" with a Teflon ® stop cock valve and a disposable tube. The ground water sample

is decanted out of the top of the sampler, in much the same way as decanting a

bailer. The sampler is turned upside down, the cock valve opened and the

sample decanted into a sample container through the Teflon ® stopcock and

tubing.

W

V
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IF' 2.0 INTERFERENCESAND LIMITATIONS

There are certain factors which have a marked effect upon the performance,

measurements and interpretation of the cone penetrometer data, especially pore

pressure and friction sleeve measurements. These factors are discussed below.

• The rate at which the penetrometer is driven into the ground. The
rate of penetration may be affected by particle creep, particle
crushing, and pore pressure effects. Anything below the standard
rate of penetration could affect undrained soil conditions allowing
time for the system to drain, causing smaller excess pore pres-
sures. However, as long as the rate of penetration is the same for
all soundings, all the parameters will be measured relative to one
another. In other words, the rate of penetration must remain
constant for all soundings done at NASMoffett Field. (Ref. Smythe,
et al, 1988).

• Placement of the piezoelement. The measured pore pressures during
cone penetrometer testing depends on the location of the piezometer
element. This must be taken into account during interpretation.
(Ref. Smythe, et al, 1988)

• Choice of material for the piezocone. Sintered steel, ceramic, stone
w and polyethylene are some of the filter materials being used. The

type of material used does not seem to affect the pore pressure
readings, but ceramic and stone elements are most widely used. (Ref.
Smythe, et al, 1988)

• Saturation of the piezocone has the greatest effect on the pore
pressure reading. It is absolutely essential that the element is
saturated at all times during the penetration test, since entrapped
air could cause pore pressures to continue to build even after pene-
tration has stopped. In this situation, trapped air will allow the
pore water to continue to flow for a period of time. (Ref. Smythe,
et al, 1988)

• Temperature effects on the load cells (most commonly strain
gauges). The load cells and pressure transducers within the cone are
often temperature dependent and are almost always calibrated at room
or air temperature. Soil and ground water are often 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 pene-
tration. These changes in temperature may 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. Temperature corrections can be made if the temperature of the
cone tip is monitored. (Ref. Smythe, et al, 1988)

4
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• The tip is often deflected or drifted from the vertical. Once a cone
V tip has been deflected or has drifted, it continues along a path with

a relatively consistent radius of curvature. In general, the
equipment accepts one degree of deflection per meter length without
noticeable damage. A sudden deflection in excess of one or two
degrees may cause damage to the push rods and penetration should
cease. If cemented gravel is encountered during CPT, it may be a
limiting factor to possible sounding depth.

• Wear of tip. Penetration into abrasive soils eventually wears down
or scours the penetrometer tip. Discard tips or parts of, whose wear
changes their geometry or surface roughness. (Ref. ASTM, 1988)

• Friction sleeves with unequal end areas require a correction for a
shift in the zero for both the friction and tip measurements. The
zero shift is because of unequal end areas of the friction sleeve and
is especially significant in deep profiles beneath the water table
and in low permeability saturated soils where very large dynamic pore
pressures are generated during penetration. The best solution is to
use a friction sleeve with equal end areas. If not, a correction
needs to be applied to the measured bearing. (Ref. Smythe, et al,
1988)

• Soils' stress (geologic) history is important in CPT interpretation
because the in situ radial stress has a significant effect on the
cone resistance. For this reason, CPT soundings shall not be

w performed any closer than 25 boring diameters from an existing,
unbackfilled, or uncased boring hole. (Ref. ASTM, 1988)

• Variations of sound compressibility will have a significant influence
on correlations with relative density but a smaller influence on
correlations with friction angle.

• Layering in geologic systems (i.e., a thin sand layer located in soft
clay deposits) can cause scale effects when using cones of a large
diameter.

The HydropunchTM is a ruggedly constructed sampling tool designed to be pushed

or driven into position. Although designed for durability, some basic guide-
lines should be followed.

• As a general rule, the HydropunchTM can be driven into formations
where a standard2-inch split spoon sampleror a CPT can be driven.
Suitablegeologicmaterial includeunconsolidatedclays, silts, sands
and fine gravels.

• Blow counts of over thirty blows per six inchesmay indicatethat
damage might occur while driving the HydropunchTM sampler.

• Do not push the HydropunchTM from the surface into the soil with the
_" entire barrel unsupported. If the applied force to the unit is not

in a vertical plane or an obstruction is encountered while driving
the unit, the unit may be damaged by bending.

5
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V • The Hydropunch'" sample chamber is designed to be filled using the
aquifer's hydrostatic pressure. The sample chamber will fill only as
fast as the formation will yield water. In addition, the cone and
sample chamber must isolate the sampling intake port from fluids
above and below the zone being sampled. To collect the desired
ground water sample, the sampling intake port must be in hydraulic
contact with only the selected aquifer zone.

• The location of the sample chamber above the intake requires that the
Hydropunch TM be driven a minimum of five feet below the static water
level for a sample to be collected.

W

V
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3.0 CPT MEASUREMENTSAND DATA

V

3.1 CPT MEASUREMENTS

The CPT measures tip resistance,sleeve Friction,and pore pressure. All

other output are variationson these three parametersexcept depth and

inclination. Typicalcontinuousprintout of the Field log is tip resistance

(Qc), sleeve friction (Fs), friction ratio (FR), pore pressure (U), and

differentialpore pressureratio (_U/Qt). The frictionratio is equal to the

correctedtip resistancedividedby the sleeve friction (Qt/Fs). (Qt is the

tip resistancecorrectedFor pore pressure effects.) Electronicsensors at

the tip and sides of the probe measure penetration(tip) resistanceand side

(sleeve)frictionof the soil, respectively. These two parametersare typi-

cally differentfor granular soils and clayey soils, thus identifyingthe

occurrenceof sands and gravels versus clays and silts. Values for both of

these parametersare low with a high frictionratio as the probe is driven

throughclays and silts and relativelyhigh with a low friction ratio for

sands and gravels. The value of the Frictionratio and the tip resistanceat

a certaindepth is plottedon a soil behaviortype classificationchart and

the type of soil at that point is determined. The use of the differential

pore pressure ratio will differentiate soil types and allow for more accurate

stratigraphic interpretations. Dynamic pore pressure measurements from the

dissipation tests can be used to estimate hydraulic conductivity of the fine

grained soil layers. Pore pressure dissipation measurements may also be used

to identify the potentiometric level. (Ref. Smythe, et al, 1988)

Depth control is maintainedby the data acquisitionsystem. The system counts

the number of whole and partialpush rods used. The cone penetrometeris

measuredat the tip of the tool and zeroed at the ground surface.

3.2 CALIBRATIONAND CORRELATION

The CPT subcontractorwill providedata on the type and dimensionsof the

probes and equipment,along with the resultsof current shop calibrations.

CPT cones will be calibratedat zero load reading in air and water and

shieldedaway from direct sunlightbefore the soundingat each location. Upon

v completionof the test, the piezoconewill again be calibratedto zero load

readingand comparedto the initialreading.
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Initial correlation of the CPT data with Moffett lithology for the site will

be accomplished by comparing the CPT data with data from an adjacent continu-

ously sampled and geophysically logged soil boring.

V
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4.0 HYDROPUNCH"SAMPLING

A ground water sample is retrieved when the Hydropunch TM sample chamber is

filled. Similar to a bailer, the upward movement of the sampler increases the

hydrostatic pressure in the unit, which closes the two check valves and

retains the sample within the sample chamber. Upon retrieval, the push rods

are disconnected from the Hydropunch'" and the upper valve is removed. The

ground water sample is decanted out of the top of the sampler, in much the

same way as decanting a bailer. The upper check valve is replaced with a

Teflon ® stop cock valve and a disposable tube. The sampler is turned upside

down, the cock valve opened and the sample decanted into a sample container

through the Teflon ® stopcock and tubing. The sample is then sent to the

laboratory for analysis. Samples will be analyzed for VOCs (EPA Methods 624

and 8240), and for high boiling TPHC(EPA Modified Method 8015) and confirmed

results reported within 48 hours. The sample collection procedures are

further described in Section 5.9.1 of the Sampling and Analysis Plan.

Depth control is maintained by counting the number of whole and partial push

or drive rods used. The Hydropunch TM is measured at the tip of the tool and

zeroed at the ground surface.

9
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6.0 ASTM DESIGNATION:D3441-86
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a_o_. amt altu_eme_ /'_ _umimt dots am _ to mmm_m f_'mn_m.
a_dreu_o/t_/'ey__od_td.q_mu_.Itu 2..13_ n_--t_ end m:tm _ the peattrmae-

_at_ sa/'_ a_l _m#l__ a_l damm_ Ot_ _mtm. t_ e_m. ud ia dmam _ffd_ fh_a.ceae

2.13.1 Dtmmam.-Tlm mdditm e( • _ to
L I_il.m elm_ pmm_mmr_ippmmmtimmemanm_tor"p_

2.1 ame--dm mm.dmpad peiat d' I_ pmmmlmm' dp, _,._,_--____ _ a Immmmtris knotmasam
u_s whi_ tm _ mmsmm _ t_m_mmr. _ mt mmm,m.

2.2 corn,_mliF--_ ia_ll_a_ in tlimfm'mo( a 2.14 _0ilmm:mi'_ enllm smm o( paetrlnoa
c,/limr_ mdwtilamimi paimdil_ ferpro.minaS mlmim_md a em kammawtmaauS aual tad a_ rock_i ilw mmm,iaS ttm_ mm- pammxmw.
_rmat ot'pemmnim tlm_a. 2.15 /rest _ _-wm/ied uib_ or mhermiml_

:o,_ r,m_m_e,'__ _ _ _i__,t..__m_ _
tm_

, _ ira,/ ml.,*.a_ / i _ / _111 I'=i

,,,t,ill,_il'rn.st,.s=l_ 3.1 _ wit tmlalxl _ dm mt tla eatmterittlC_ mtmn morn. 3t. IN6. P/lira I=mm/s' t_6. Ou'lmli_
i.-o _, -_s'r. ,... m,,mi o u_,-_, pt.qmms dmii iatmad to _ wita ttmdmD am ma-
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attunemm rammed¢t_rm6tlm.-_a_ammoftlmupea_um_Oymm "_IINmUm#_mamdmmm _ mm_m__ eum__ t_
ua#J_mm,bmOmW_IVmaIA_mum._Imm,_,_i_. ba_ligl_ tlmOmllmlL

"" 5.2.3_inf Dam--Toobaunre_sxxluciblecoue.f_m. 6.3_/_ _T_--F_ _ _mbs ex_ about
u_nc_te_da_ o¢corn#m fricaoB-res_ancems;dam_.u 40It(12m),_ i millfx_y drtt_a_myfromavemcaA
usnl • _a-€o_ _ recmdoaly _me _ resdin_ z/ilmsmm.Occ_ima_, msiom_ m evenI_ las
that occur its it wefl_ point dunnll the dowawm_ _ Ra:lua__ by mmtllpush rods tbaxare inimdly
movementof the topof the inn_ rodsin reilmonto me mp _ sad by _ sum din: the miredcooz _on
of mepusa rods.Becsumof theetssUc€ompresssonof inn_ into smA_ m_ in_01veumz_md, iniUal _ mma.
rods (see No_e4), this pointofdinm_yshould4_ _ not [z_ P_i_lJ tbroullboralo_side _n o_ucl_a _fl a_I_o_:k_
t_an1.0in. (25 mm_at_mut retire movememoftheinner sod cooc_euom, tlu rock la_s. or incfined_mse _syers
rods. When usnll the fri_oa.cone pe_e_rom_r, tim point mayde_ec_meupwd indu_ _ No_eany m_tZsnoas
st_llbejus_beforeme come_ thefrictionslzeve. _ e_cmmums_malto40amsc_nsandbez/_rtfor_emi_le
,_ _,_,€'_m,sm_ sam,,moma,mm _" bowt_ un,uam ,_ submqu_ iaqxop_ROo_eraaoau as/Inofm_musdr_t-

_,_muai€_mdceUma _ dum_,_-m_mm of_ _i_am_ u_ in&'
Wow me ju_mpm llmWp_m_ _Immtlm€orne_t_m__ImdmmL _ l7"--{_m_k:Imi_ ul__my Wo imcne0m_mauiacfi-
_.2.3.10tmunme cone _lw fric_n-cesUmn_ msdin_,,, _mm' m mma_ ,_, md _, wmunS,,,_s ,__oma

soon u _ble altertaejump soasm mimm_ tt_ erm_ =mm_.
descnbe_iaF_II.5.Unkm usml;contintmus maxdiol as ia 6.4,Wearof/"q__ intozlmmvemils_m_t-
_ 5. me olxmm_ shouldnot r_ a cone_w frk_ _ _ dm_ m _ mep_mrom_ ul__ ups.
r_uzaa_ if tm suspe_me _ mmma_ is€_m_ _b. o€prosfixed, wlmm_r cl_mlNsUm_rI_om_/or _
ru_ or_y. ro_lwm sotl_ aokxs_a'meetUm mqmrmems of_,.t.

_.3 Ek,cmc Pen_trors_err _ m
5.3.1 If usinl coatiauous _ cable, ix_-thre_ it 6.5 Dtmmm_lmm_Com_ms@F_I_w_.-The_c.

_m_u_ timpwa rods. tioanmlmsm _dmslm_ _p_sm Umsmi_soamdimmce
5.3.2Recmd tlminimdresdin_s)withtiml_aZa_m_m" _m tlmsin/m_Im:hme couenmsumm wm o_mm_ u

uphau_in_fre_yinzirm,iawarn',om od"dimc__ tlmml mmL Wtmmcomsmsm_tlmmnmsum_sfro,tl_so,_
and afteran imliaL _ peneu'ano_,t_t ho_ m tMl the i_ _t a ips_d d_llt, fro,eZlt_l_ whm _ Frk.tioa
_em_lnm_ is assod _ rmm or wbm gims_ them dam oa _ rake_cver

5.3.3 Ra:md tae cone nmstms_ or €one ruistance md a_auat o(tbe vmk_ dlmace t_w_a the I_m or"d_ cone

intervsbot'_ nmescmdia8 $i_.(20_ ram). 6.6 i_m'nqnMa_-'rbeeo_wer maybareto inmrrulxthe
.._ _.3.4 At thecudcd'amundins,otmU ann'dm o(mm:fial_ am'raMM'nmmo(a stoic _ um for_ su_

u in $.3.2aad checkthem aSi_t _ initia/s_. Dism_ the m mmoqd_ timpmmmmzmranddri/linllmmul/s tswrs or
_o_ andm_a, orml_m tlm_ if'tlmctm:kisa_ ohmtmiommo mu_ tommmu_ _. Ifttmpemm>.
mm_l_ fro"tl_ _canm_/dem_l fo_d_ m _m- mmm'm d_m_M totmds_msdynmaic_ywithomdmmqle
_onza_s). to immtmqmm stoic _ (themilhmmm heron

imPl_ lto4 m u_ w dmi_k timeu_isme_ms_drive_.Stm_/Ta:Im_m il _ _ _or_ _ _over lOauadue'
6.1 _mmo_ of Fr_u_ ,4h_ Pm_ Nod.fp-Th__ lo p_m_M a__ rxoblen_d_dlbecomid_d #n

or'thisfricmmra_:zioaistoinamm timImmummm' _ _ Coami_ dm smm:_,uemmoams_sflm,an
_, wd _ m m_m_v/di_knmm_ b_=_ nm_. immmmm is _ _ mis _mm mm_
_ wm;zmems dmmm_ b,/um:tmm:_ md d_mV: rm_m_ i_ m_zmmm _ mis mmm_ Ob_m fium_
am m mind i_ tJ. To _mn_i_ t_ frk:_m mlu_m, mdm_m mmpm_ d_a o_/ate, d_ _ _ mm_
intrmama mmm/md wMmm mlmlm/dismsm' or mpmml tlm.mlmm_smimam _ t_ dimut_ zmm rmul_l;from
_ mll_l a "Maim mk_." iammmrams _Imlt dm mmm ._ dml _1_ _ Asm _

_ w mdi_ frk_n_ iaw m _ rm_ v_ a dimmm' tin_A_ p_nz_m md d_ _ ml evaAuau_from

m_u_am er cam_ ia dkmmm'mm bqm m ctma em
LO_t(OJ m} km tfmtam d dmmm or ttm to_o( tim _ i__l_.a._. _.am..,4,-_ m m ,_4(mmmum_ m o_mtmm a_m

im_mw_ I s _ _ _ 4.1.1 imm_mm_m
d_mmm'.F_ edm,mm (m lqom_ mmmm ¢_omr,_ I
diammm. 6.7/k_ m,,_mem _ _x corno_frkUou-a:me

_ dd um be imfmmm rosyctomremt 2_ Ix,nnz
Nms 15---.'_..... tmllkmmmmlktamm.mmtlm dlTmmmms_ m mmsl. u_bed_i_L _ b_m;

6.2 Pm_Wm_',q_/Imll_/tm_$_$am-_mam. slm_mmmm, d,l_tml_,m, tmmlo(umd_m_
__Iz.,-._____ mm i _ _ ma ,,-,,. m mis zone..Th_
te_mtopm_mssilm/immt_dtnSarOmpmtsmdstm_ma _ m_ vm_ km om to _v. diammn. Wt.m the
• e mm:abmmsdtimIrmmd_ z_im_ damum tm_ s_cimn eWmsWamwlmmisvm_01e
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6.8 M_hamcal p_erorntners: soil d_nptiom estimated fimm the friction-conelx'newo-
6.8.! Inner Rod Frwtton--Soil i_'ticles andcorrmioncan meterdata. includea _ of the v_rmtiono£ fricuonratio

increasethe fncuon betweeninner rods and prodsrods. _ _tla depth. Placethis gral_ adjacentto _ graphforcone
slbly resulunl in Salnifi_t errorsin the measurementof the t'esisum_ usaallthe samedepth scale(see6.3).
resa_ancecompontmtls).Ckanand lubricatethe tuner_ 7.3 Piez_€o_ Ptnmromtn_--ln addilion to the 7.l and

6.8.2 Weight of Inner Rods_For imorovuda_tr_ at 7.2 _ req_ts, a _ soundingmall include
lowvaluesofconeresi.mmc_co_ thethrustdam to a_ _ tothesamedepthscale,,ofmelmt_lOo_
)ncludetheaccum_ weqllatoftheinner_ fromthe _ _ dm_l the l_'neu'a_a ven_ c_eV_ Ex_
t_pto the topm_t rod. 9ot__lzr _ yet'msUme_ mayalsobeco_

6.8.3 Jamming--Soil I_rlacl_ betweenslid_n$_ or at_ _ _ the _ s_mdinl n mtma'ul_l(_ New t}.
bendin| ofthe upmayjamthe mechanismdutmlthemany 7,4Gol_'l'l_ _ _ _ hisname,tile
extensaonsandcoUalmsoftheu_s_inll_ _ _ and_ ofthejo_date_ smmaia$,scundinll
Stovthesoundinlassaonasuncm'recta_ejamminloccu_ n_, lo_mim_coardimm_and_ andw_t_ sur_

6.9 ElectrtcPen_rometarz: eteva_ns (ffavaila_). The _ _ _ includea note
6.9.1 14,'aterSca/m Pr_ide ad_luatz ,wat_oOfml for tl_ as to tl_ tYl_ ot"_ tip tried,d_ ty_ of tlxrmg

eleemctraraduc_._ periodicchecksto _ tlmt no _ tip and tlmm calibrmioainf_ orboth.any

_ort tg--_a_ mcaz w slmw_mgmms_t mm_mma fur rome. if a £nicti_ reducer,_s tm_t, the _ of ti_
_.armm__a am _ransam _ a_ _ l_m_ _ tl_m_d o_m_linL tl_om_liuona_tl_
m,mm__ _ _ m _ _ cam-_--_ _ i _ _ t_pM_' wRb_aw_,ad anysOeci_diff_-uRi__

canamallym_,t tl_z oliimm_ _ memm_ Tou im_or-
um_,_ u t_ _ _ _ _,ml_. 725 Dmsmiam_om ._m/wd-.Tl_ relzm slmllm tlm

tl_ l_t Iz_zdm_m w_t_m a_m_Imz_ withthisT_t Mt_zod
7.R_m't D34at. Dma.ilm_ msydzvimiom£romthis um
7.I Graoh ofCo_r I__. _,--Ev_y twOl_ o(a _

orfricuon-con_soundinll_ _ •_ o(the
tionofconenm.mm_ (m _ a4"tamorkl_)_ _ g._ md Im

(infeetormetr_).Sm:_l_ _w-l_mlagcstrot_ from 8.1_ oI"d_ m_y vmi_ inw_Iv_lmd tl_kdt
tlaemechanicalconcandfrictiml-a_p_mnlll_usmlly ot"a _ _ _ haw no _ datam

.- dma.,rmtnedat _lual in_mnenn o(depth and plomsdat th8 d_m,mi_ tl_ him _ tim mm_hod.Jodlin8&orem _

be connectedwith _'_lln lin_ m an aPg_mmm_ _" a t_ _ a_l f, a_m _ls ot"_ial _lml_t aria
conunuous_ _ _ _ _ with this _ _ama_ _u

7.2 Frtctton._one _ I 1
7.2.1GraohofFrict__fel'hllJlt_mm Ill 8.1.1 M_lam_/T/_.-..,_a_l_ldeviabo_M" I0% in q,

gral_ of cone rzsislU_ (7.1) tll mllmt m_' illclu_ ml a_l_0% inf_
adja_mtors_m_llrl_ _'@i_li_ mlll_mm'_iCli_ ILl.2 _ _m--S481Jdmddevimi_ o_"5 % in _1,tnd
mUo.or tz_. w_lsde_p_ UI tl_ mm_ dqNlll:ldSaSi$ 7.1 !0% imf_
(see6.5). _ _--11,msdsmram'_ m ,mil_dla _

414


	Table of Contents
	Page i, Section 1.0 through Section 5.0 and Appendix


