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I, who make no other profession, find in me such infinite
depth and variety, that what I have learned bears no other
fruit than to make me realize how much I still have to learn.

Montaigne, "Of Experience”
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ABSTRACT

This research investigates the uses and capabilities of the
BAT groundwater monitoring system. This system measures: pore
pressure, in-situ permeability and minimum in-situ stress. As
well, it can be used to collect pressurized pore fluid samples.
Correlations between cone penetration (CPT) dissipations and BAT
dissipations are evaluated with in-situ coefficients of
consolidation (ch) and volume compressibility (mv) determined.

The pore pressure measuring capabilities of this system are
good, though reguiring up to 30 minutes to obtain in impermeable
soils. The hydraulic conductivities measured with the system
are highly accurate, but are representative of the remolded
consolidated state of the soil around the probe. Monitoring of
the excess pore pressure dissipation after penetration with the
BAT allows ch to be determined. This wvalue from the BAT
correlates well with ch determined using the CPT (filter element
behind the tip).

KEY WORDS: BAT, piezometer, in-situ, permeability,
coefficient of consolidation, CPT
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CHAPTER 1

INTRODUCTION

1.0 Report Organization

The research described in this report was undertaken to
investigate +the uses and capabilities of the BAT groundwater
monitoring system. The system is a single point piezometer,

capable of performing the following functions:

--Measurement of pore water pressure

--In-Situ testing of hydraulic conductivity

-~Hydraulic fracturing

--Sampling of pore fluid, saturated or unsaturated zones

~-Tracer testing

The system comes in three kits: a pore pressure measuring
kit, a sampling kit, and a hydraulic conductivity testing kit.
The use of the hydraulic conductivity kit requires the wuse of
components from the sampling and pore pressure kit, thus this
kit cannot be considered as an independent unit. A fourth kit
is available from BAT. This kit, allowing automatic data
recording of dynamic pore pressure soundings, was not available

for this study.

As well as laboratory testing, three sites were used in
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this investigation: Macdonalds farm, located on the Fraser River
delta in Richmond, the Vancouver Landfill (Burn’s Bog), also in
the delta, and a site located at the intersection of Highway #1
and 232°nd street in Langley. A total of seven probes were
placed‘ on these sites: one at Macdonald’s farm, one at the
Vancouver Landfill, and five at the 232’nd street site. General
geology and sitp descriptions are provided in chapters four,

five, and six.

Chapter 1 describes the system operation. The equipment
and procedures for probe installation, pore pressure
measurement, hydraulic conductivity testing, and sampling are

outlined.

Chapter 2 describes the laboratory testing done. In
particular +the evaluation of the pore pressure transducer’s
temperature dependence, and the limiting hydraulic

conductivities of the system.

Chapter 3 introduces the field program that is detailed by
site in chapters 4,5 and 6. This introduction in chapter 3
summarizes the testing done on these sites, while the following
chapters contain the details of the sites, the testing

performed, and a discussion of the results.

The emphasis at Macdonalds farm (chapter 4) is on

correlating values of coefficient of consolidation obtained from
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excess pore pressure dissipations to 1abo;atory values.
Coefficient +values from BAT probe and PCPT dissipations are
compared to each other, and to laboratory consolidation tests.
As well, hydraulic conductivity testing and pore pressure

measurements were done at this site.

Similar coefficient of consolidation correlations are
applied at the Vancouver Landfill site (chapter 5), and an
attempt is made to profile hydraulic conductivities beneath the

site using these correlations.

The purpose of the 232’nd street site investigation
(chapter 6) is to evaluate the accuracy of the shape factor used
in the hydraulic conductivity calculation. Filters ﬁéving
different geometries and locations are tested in the same soil,

and variations in measured hydraulic conductivity are discussed.

Chapter 7 contains conclusions on equipment performance and
problems, accuracy and precision of data, and the applicability

of correlations between types of tests (PCPT, BAT, Lab).

The investigations outlined in this work were conducted

between June, 1886, and March, 1987.

The data from these investigations and this report were

computer processed using the Lotus (TM), Symphony program.



1.1 System Description

] The BAT groundwater monitoring system, developed by Bengt-

Arne Torstensson, is a single point piezometer system. The

system utilizes a filter +tip permanently installed into the
ground using a 1l-inch extension pipe of steel or plastic. The
tip is hermetically sealed at it’s upper end from the standpipe
and in hydraulic connection with the pore fluids through a

filter sleeve (figure 1.1). The tip is accessed by means of

W ¢ R .

different test adapters that are lowered down the pipe. The

| adapters make a tight seal with the filter tip through the aid
of a quick coupling unit, which comprises a pre-stressed disc of

resilient material (septum) and a hypodermic needle (figure

1.2). The needle provides a hydraulic connection between the
interior of the filter tip and the test adapter. The uniqueness
of the system resides in the simplicity and flexibility of the
piezometer tip, which contains no active components, mechanical
or electrical, and can be accessed quickly and simply with the

test apparatus.

|
l
|
|
g

The are three basic configurations of the test adapter.
The different types allow the measurement of: pore pressure,
hydraulic conductivity (using a variable head permeability
test. ), and pressurized pore fluid sampling. These test adapter

configurations are discussed in sections 1.2 to 1.56.

5
r-3 disc of resilient
material
A ‘ nozzle
body of
thermoplastic
Figure 1.2
S - BAT quick coupling access system
l U ) (after Torstensson, 1984)
g filter

wire or electrical

S ./’ cable
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Different tips are available, the selection depending on
the physical and chemical environment of use (figure 1.3). 1In
this work, only the standard thermoplastic tip and tips designed

and built at UBC are used (figure 6.3).

1.2 Probe Installation

The probe is normally installed by pushing the tip and
attached 1lengths of one inch pipe into +the soil. In softer
soi}s such as silts or clays, a reaction frame may be used to
install the probe. In harder soils such as dense sands or till,
techniques such as auger boring may be required, with the tip
being pushed only the last few feet to the desired installation
level. In this work the probes were installed using the
hydraulic rams on the UBC in-situ testing truck. If an end
bearing force greater than the two ton capacity of the
thermoplastic tip was expected a hole would be pre-pushed using
a dummy, solid steel cone of slightly larger diameter than the
BAT probe. For the installations at the Mcdonalds farm site and
at the Vancouver Landfill site, this technique was used to

penetrate dense layers.

The tip must be saturated when inserted into the ground.
BAT recommends a procedure of boiling the +tip, and after

cooling, drawing approximately 0.1 1liter of water through the
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Fiqure 1.3 Various BAT tips

al
b
c}
d)

Thermoplastic (standard)
Acid-proof stainless steel
Heavy—-duty brass

Pore pressure sound

(after Petsonk and Marten,

1985)
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tip with a hyperdermic needle and syringe. The tip is then
attached to the first length of pipe, and a thin plastic bag
filled with water placed around the tip. The assembly is then
lowered down the initial few feet of the hole, which is prébored

through any hard crust and filled with water.

The procedure used in this study was to place the water
filled tips in a vacumn chamber to deaerate them. The tips were
then placed in water filled bags and lowered down the initial
few feet of the pre-pushed hole. This technique proved
adequate. To ensure that a +tip is functioning the dynamic pore
pressure and excess pore pressure dissipation were monitored
during installation. If once installed the 'tip was considered
to be unsaturated, a sample of water was drawn through tﬁe tip

using the sampling apparatus, removing any gas.

The 1 inch pipe used with the tip was cut and threaded to
exactly 1 m 1lengths, and the threaded joints were sealed on

assembly to inhibit water infilling of the standpipe.

1.3 Pore pressure measurement.

The pore pressure measurement adapter is shown in figure
1.4. It consists of a Druck transducer (figure 1.4a), cable
(1.4b), and digital read-out unit (1.4c). The +transducer is

protected by an adapter (1.4d) which holds a +transfer nipple
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g
Pore pressure measurement assembly
a) membrame and transducer
b) tramsducer cable
C) digital read-out unit
d} transfer adapter
e) transfer nipple
f) single—~ended needle
g) guide sleeve
h) extra weights

J)

weight chain terminator cap

(after Petsonk and'Marten, 19835)



gy

H B T

L)

10

(1.4e) on which a single-ended hypodermic needle (1.4f) is
mounted. A guide sleeve (1.4g) protects the needle and
facilitates quick connection to the filter tip. Extra weights
(1.4h) may be placed arund the transducer cable and attached to
the transducer casing. A weight chain terminator (1.4j3)

completes the assembly (Petsonk and Marten, 1985).

The adapter, transfer nipple, and needle components must be
saturated with a deaerated fluid in order to form a hydraulic
connection with the tip. This 1is achieved by holding the
transducer cqmponent (1.4a) with attached adapter upside down
and, filling the adapter with deaerated fluid. The transfer
nipple (l.4e) with attached hypodermic needle is then screwed

into the adapter, bleeding out any remaining air bubbles.

In practice this is much more difficult than it seems. The
author found it very difficult to eliminate all air that may be
trapped in the +threads of the adapter or in the o-ring seal of
the transfer nipple. This air is not critical when the system
is being wused in more permeable soils such as fine sands to
clayey silts. However, when the system is used in soils that
are relatively impermeable the occurrence of an air pocket on
the transducer itself or otherwise in the adapter chamber,
affects the accuracy and precision of the reading. This problem

is discussed in section T7.2.

The readout unit displays the pore pressure in meters head
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of water. The unit 1is capable of measuring pressures in the
range -10 to +150 m water and has a resolution of plus or minus
1 cm head. The unit features external calibration and zeroing
SCrews. The calibration factor is set by the user to =&
predetermined value and ensures that the pressure shown by the
instrument is correct. Essentially, this value is the slope
constant of & plot of readout output versus transducer output.
The zeroing screw allows the user to adjust the output to read

0.00 m head.

The system is used by simply lowering the assembly down the
standpipe. When the sensor reaches the tip one can feel the
guide sleeve slide onto the cap of the tip. The hypodermic
needle penetrates the septum in the tip forming a hydf%ulic
connection with the transducer, clearly shown on the display. A
period of 5 to 30 minutes is now required to allow the pressure
reading to come to equilibrium. This process is a result of
pressure adjustments within the fluid in the adapter chamber and
temperature adjustments of the transducer. The less permeable a
soil is the longer the equilibrium will take. Once the reading

has stabilized it can be recorded.

This pore pressure reading has to be referenced to a known
value. This is done by disconnecting the assembly from the tip
and raising it up the standpipe until the end of the assembly is
exposed to atmospheric pressure. The value shown on the readout

is then subtracted from the earlier measured pore pressure
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value, making this value relative to atmospheric pressure. The
final correction to this reading is to add the pressure head of
water contained in the assembly from the center of the filter to
the transducer of the connected assembly. This internal column
of water must be added to the recorded reading +to get the true
pore pressure at the center of the filter element. For the BAT

thermoplastic tip this value is 0.2 m.

1.4 Pore Fluid Sampling

The BAT pore fluid sampling kit is used with an installed
BAT tip. The kit allows the extraction of groundwater; both
liguid and gas phase. Pressurized samples can be taken in a

completely sealed and sterile container.

The system draws a sample by connecting an evacuated
sampling chamber with the tip. The pressure gradient created
between the sampling chamber and the pore fluid around the tip
drives the pore fluid or gas into the sampling chamber. This
flow continues until the sampling assembly is disconnected or

the pressure differential is equalized.

The sample container, shown in figure 1.5, is a glass vial
sealed with a septum, teflon washer and screw on cap. _To ensure

a sterile sample this vial and parts must be sterilized by
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boiling or autoclaving.

The assembled sample chamber can be evacuated by several
methods. a hypodermic needle and syringe can be used to geﬁerate
a partial vacumn in the chamber. This method is simple and
allows a maximum head of approximately -7.0 m to be created in
the chamber. Alternately, an aspirator ( a simple suction pump)
can be used. In this work the hypodermic needle and syringe

method was found to be perfectly adequate.
If s0il gases are to be sampled the sample container may be
purged with nitrogen prior to evacuation, thus minimizing the

risk of contamination of the sample.

The sampling unit is assembled from four parts as shown in

figure 1.6. A chain of weights (1.6a) is attached to the upper

end of a sampler housing (1.6b) in which an evacuated sample
container (1.6¢c) has been inserted. To the 1lower end of the
housing is attached a quick coupling unit sleeve (1.6d), which
will hold a double-ended hypodermic needle. When the assembled
unit is lowered down the standpipe onto the tip the double ended
needle in the guide sleeve simultaneously penetrates the tip
septum and the septum of the evacuated sampling chamber. The
rate of flow into the sample container depends of the initial
head difference and the type of soil being sampled. Rates vary
from 0.01 ml/min in impervious clays to 100 ml/min in pervious

sands and gravels. Upon pulling the sampling assembly up the
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Figure 1.5

BAT sampling container

flexible disc (septum)

b) teflon washer

c) plastic top

single-ended glass tube
(after Petsonk and Marten,

al

d)

'
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BAT sampling assembly

al
b)
c)
(« ]

chain of weights
sampler housing
sample container
quick—-coupling unit sleeve
with double-ended needle
{after Petsonk and Marten, 1985)



T

15

standpipe the double ended needle is disconnected from the tip.
Simultaneously, the upper half of the needle is extracted from
the sample chamber by the force of a compressed spring within

the guide sleeve (Petsonk and Marten, 1885).

For normal sampling operation this procedure would be
repeated twice. This ensures that a sample representative of

the pore fluid is obtained.

It is possible to use this system 1in reverse for tracer
testing. The sample chamber can be filled with a pressurized
volume of tracer fluid. Pressures up to +50 m water head can be
used in the sample chamber to drive the tracer through the tip

into the pore fluid. -

1.5 Permeability testing

1.5.1 System description.

In order to measure the hydraulic conductivity
(permeability) of a soil, the BAT system combines the components
used for sampling and for pressure measurements, as shown in
figure 1.7. The pressure transducer is in this configuration
used to measure the gas pressure in the test wvial. This
pressure will change in accordance with Boyle’s-Mariotte’s law

(the product of pressure and volume is a constant) as liquid
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pressure
" ftransducer

water/gas
container

double - sided
hypodermic needle

BAT permeability measurement system in use
(after Haldorsen et.al.,
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flows into or out of the vial. The rate of pressure change --
and therefore of 1liquid flow -- is a function of the =soil
permeability.

The BAT system uses this arrangement to perform a closed
system version of a falling, or variable head test. Two types
of tests may be performed, inflow or outflow. In a method
similar to the sampling procedure, an evacuated wvial (inflow
test) is connected to the tip with the aid of a double ended
needle and quick coupling unit. As the pore fluid flows into
the evacuated chamber the pressure transducer registers +the
changing pressure. The record of this pressure change with time

can be used to calculate the permeability of the soil.

1.5.2 Theory and formulae

The theory for such tests was enunciated by Hvorslev
(1951), and +the calculations involved have been simplified and
made more precise by Bengtsson (Haldorsen, 1985). The formula
used to calculate the shape factor of the tip and the hydraulic
conductivity of the so0il are given below. A derivation of the

permeabiliity formula is reproduced in Appendix 1.

r0 VO 1 1 i pO-ul Pt
K= --—-—-- [-—=-- - m———— + - In (--—-—-- X ————- )]

F t p0 ul pt ul u0z2 p0 pt-ul
where
K = measured hydraulic conductivity
p0 = initial pressure in permeability testing system prior to

connection.

pt = pressure in permeability testing system at time "t" after
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start of test.
initial hydrostatic pressure at tip.
initial gas volume in testing system.

(I}

Vo
Vo = Volume total - Volume of liquid.
Volume total = Viot = Volume of extension cylinder
+ volume of sample chamber. :

F = shape factor for tip geometry.

2 pi L
F=-z¥--————————e—ee e -
In ( (L/d) + (1 + (L/d)2)1/2 )
where:
L = length of filter element.
d = external diameter of filter

Note that the above calculations do not take into account
the effect of the column of water present within the system
during a test, nor it’s variation. This column has a negligible
effect on test results unless a small driving gradient is ‘being
used. For this case Bengtsson (Petsonk, 1986) has refined the
formula. As this formula is not used in this work, the reader

is referred to Petsonk (1986) for it’s development.

There are several calculations that serve as checks on the
accuracy of a test, and prevent air being injected into the soil
during an outflow test. By calculating the fluid volume change
that should have occurred due to the change in head during a
test, and comparing this volume to the actual volume of fluid

recovered or injected, the validity of a test can be verified.

pf + 10.33
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where:
Vcale = calculated change in fluid volume
VO = as above.

as above

p0

H

rf final pressure reading in system.
The 10.33 term converts the pressure from meters head of

water relative to atmospheric pressure to absolute pressure.

In an outflow test it is important +that the fluid being
injected into the socil not be completely injected, causing air
to be forced into the tip and soil. This can be avoided by
calculating the maximum change in test chamber pressure that can
be allowed before displacing air into the socil, and the préésure

at which the system pressure has changed 80% (p80). An outflow

test should never proceed past p80%.

p80 = ub + 0.2(p0-ul)
(p0 + 10.33)V0
pmax = —--—-——=-ee- - 10.33
Vo + Vlig
where:

Vlig = +the initial volume of 1ligquid in the testing

apparatus (outflow test).
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1.5.3 System configuration and use.

The testing wunit is composed of eight parts as shown in
figure 1.8. The pressure transducer (1.8a) is attached to the
upper end of a extension cylinder (1.8b) which carries a
single-ended hypodermic needle. This is connected by means of
an adapter (1.8c) to +the sample container housing (1.8d).
Inserted in the housing is a prepared test container (1.8e). To
the lower end of the housing is attached a quick-coupling unit
sleeve (1.8f), which will hold a double-ended hypodermic needle.
Weights (1.8g) are placed around the +transducer cable and
attgched to the transducer casing. A weight chain terminator
completes the assembly. The pressure regulation hose (1.8h) may
optionally be connected {o the extension cylinder for use in

pressurizing the testing unit.

The volume of the testing unit can be wvaried by using
different volume extension cylinders. The purpose of changing
the volume of air in the testing unit is to alter the rate of
change of pressure during a test. Use of a smaller volume
results in a more rapid pressure change in the system and a
slower/smaller volume change. This feature can be used to
adjust the rate of pressure change to suit +the soil being
tested. For example, in a clay rich soil with very poor flow
characteristics it 1is desirable to wuse +the smallest volume
possible in order to get the fastest pressure change in the

system, increasing the rate of the test.
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Figure 1.8

b ' BAT permeability measuring assembly

a)
b?
c)
d)
e)

c £)

q)
h)

pressure transducer
extension cylinder
extension adapter
container housing
test container
quick-coupling unit sleeve
extra weights
pressure requlation hose'’
(after Petsonk and Marten, 1983)
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Evacuation of the assembly is achieved either by aspiration
or by evacuating with a needle and syringe at a septum port in
the extension cylinder (figure 1.89). Pressurization is achieved
through +the same port using a syringe (low pressures) or
compressed air. A maximunm pressure of 120 m head of water can

be applied to the system.

Immediately prior to performing a test of permeability, the

static pore presssure must be measured (section 1.3).

Before starting a test the system must be lowered down the
standpipe and allowed to come to temperature equilibrium with
the surrounding soil and ground water. This process can take 5
to 30 minutes. When the pressure reading has stabilized the
assembly can be lowered slowly onto the tip. From the moment of
connection, time and pressure must be recorded at intervals. As
test results are relatively independent of the length of time
for which the test is performed, any subset of recorded data
points may be used in computing permeability. Thus, it is
advantageous to perform the calculations in the field and
terminate the test once consistent values are obtained. In this
work no automatic data processing equipment was used in the
field. This author found that recording the +time and pressure
for approximately 20 minutes allowed an accurate value of
hydraulic conductivity to be determined. However, automatic

data recording equipment would have been an advantage.
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Evacuation of BAT permeability testing system

e

Figqure 1.1.1

Po
° | i
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(/]
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o
| ™9
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Pcrit
Uo
0 >

time

Example of analysis of
hydraulic fracture test (see text)
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Upon withdrawing +the testing unit it is disassembled and
the actual volume of fluid recovered or injected is recorded.
This wvalue can be compared to the calculated volume éhange

(section 1.5.2).

Hydraulic fracturing can be performed with this unit. A
variable head outflow test is performed with an initial system
rressure of 5 to 6 times the static pore pressure. Automatic
data aquisition equipment is used to record the pressure changes
after connection with the tip. A curve similar to figure 1.1.1
is - generated from which a pressure (pcrit), representing the

minimum stress of the soil,can be determined.
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CHAPTER 2

LABORATORY TESTING

2.1 Calibration factor evaluation

Attempts were made in the lab to check the accuracy of the
calibration factor recommended by BAT. The author wished to
determine if the pressure value displayed by the hand held
readout, when set at the given calibration factor, was correct.
In order to do this the BAT transducer was hooked up to a dead
weight pressure tester. At a constant temperature, a series of
pressures were applied to the transducer. While each préssure
was applied, the <calibration factor was adjusted and the value

on the BAT readout recorded. This was done at three different

.calibration settings, pressures ranging from 0 to 100 psi, and

temperatures ranging from 37.5 to 0.0 C.

This experiment provided information on how much the
readout would change for a given change in calibration factor,
at a constant pressure and temperature. However, it failed to
provide information on readout precision, at different
calibration settings, relative to atmospheric pressure. This
experiment failed due to the lack of repeatability of the dead
weight pressure values. The above experimental procedure was

performed several times, but was unable to consistently
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reproduce readout values of pressure at a given dead weight
pressure and consiant temperature. The problem is that the dead
weight pressure tester cannot achieve a precise enough zero
pressure value. The test procedure involved zeroing tﬁe BAT
readout with the deadweight pressure tester bleed open. Upon
closing this bleed the pressure in the system would increase.
This increase was not consistent; its variation being greater
than the effect of changes in the calibration factor. Thus the
precision of the calibration factor could not be determined

relative to atmospheric pressure.

This testing did reveal +the following characteristics of

the calibration factor:

--the relationship between actual pressure and output is

linear from 0 to 35 C.

--changing the calibration factor changes the slope of the

pressure vs. readout curve.

--decreasing the calibration factor decreases the slope of

this curve.

--the sensitivity of the slope to changes in the calibration
factor is low, and only significantly affects the precision of

the reading at pressures greater than 20 meters of water head.
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-~at low pressures, the errors due to temperature variations

will override errors due to incorrect calibration settings.

As temperature variations were determined to greatly affect
instrument accuracy, their influence was more closely

investigated.

2.2 Transducer temperature dependence

The purpose of +this testing was to evaluate the variation
of ‘the BAT +transducer output with temperature at various fixed
pressure heads. The testing was performed with the use of a
water bath to control the temperature of the transduceri- The
different pressures were produced using either a column of water
or the dead weight pressure tester. Figure 2.1 illustrates the
configuration of the equipment used. In all of the trials the
pressure head was held constant while +the temperature was
varied. In each trial the BAT readout was zeroed to the initial
temperature. As the slope of the calibration curve 1is the end
requirement, no attempt was made +to fix the initial temperature
of each +trial to the same value. As a result the curves of
corrected pore pressure (m head) versus temperature do not
ovelie each other (figure 2.2). The calibration factor applied
to the BAT readout throughout the trials was 36.54, the factor
recommended by BAT. The BAT pore pressure unit uses a Druck

transducer, S/N 130860/856.
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BAT reagdout
~—zeroed to int H.

L - - - "%"
1 . exﬁ H.
d A
int H.
= N
~— |
| ~—transducer

load
/_ ] tronsducer

e
% — pressure
/ 3 |
— L T y 5
[ ' [
readout
Figure 2.1 Configuration of equipment used for

temperature calibration of BAT transducer

A
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The tests indicate that the shape of the pore pressure
versus Temperature curve does not change within the range of
pressure from zero to 40 psi (approx. 28 m head of water); The
exact shape of the curve is best illustrated by the zero psi

curve. This curve can be simply approximated by two straight

lines. Figure 2.2 illustrates this approximation. The slopes
are:

-0.034 m/C increase.... for Temp.<15 C

-0.054 m/C increase.... for Temp.>15 C

je: as temperature goes down, the reading increases.
Instrument errors in this analysis are:
DWP tester accuracy: 1% of reading
Thermometer: 0.25 C
For example, a temperature shift in the field of 10 C down

would result in an increase in the readout value by

approximately 0.34 m.

2.3 Limiting permeabilities

The BAT probe can be used for sampling and pore pressure
measurement in soils from sand and gravel to relatively
impermeable clays. However, for permeability testing BAT claims
the probe is limited to soils that have a permeability less than
10-4 cm/s. This limitation is due to the ability of the needle
system to handle higher flow rates without restricting the flow,

and to the permeability of the filter. 1In order for the probe
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to measure permeability of the so0il, the soil must be less

permeable than the filter.

Laboratory permeability tests were conducted witﬁ the probe
placed in water. The value of permeability determined this way
should be the limiting permeability of the needle/filter system.
This was done using the 0.5, 63 and 114 ml extension cylinders.
Tables 2.1, 2.2, and 2.3 contain the data from these tests.
Figures 2.3, 2.4, and 2.5a,b are the plots of permeability
calculated from this data at each time/ temperature point. On
these plots the value of permeability for +the system can be
inperpreted as the portion of the curve where the permeability

reaches a steady value.

Of these plots only the 63 ml one shows any indication of

becoming asymptotic to the time axis. This curve can be

extrapolated to give a 1limiting value of permeability of the

system between 5 x 10-4 and 1 x 10-5 cm/s. This corresponds

well with the value stated by BAT.

2.4 Summary and Conclusions

At pressure heads of less than 25m of water, variations in

the readout pressure due to temperature shifts override shifts

due to variations in the calibration factor.

At pressures less than 15m of water head, variations in the
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{ calibration factor (plus or minus 0.25) are insignificant.

A readout shift of approximately 0.40m upwards can be

expected when the transducer is cooled 10 C.

The limiting permeability of the system is approximately 2

|
!
|
|
I
| e
l
|
|
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Table 2.1

BAT System Hydraulic Conductivity Measurement

Date:
Loc:
Name:
Type:
Tip No:
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Limiting permeability test, 0.5ml ext.

86\06\19
UBC

-MP
var.h.infl.

pl.6-412

Vact.= lbst

P80=
Pmax=
Valr=

0.21
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Table 2.2 Limiting permeability test, 63ml ext.

BAT System Hydraulic Conductivity Measurement
Date: 09\6\86

|
|
Loc: UBC I
Name: MP |
Type: var.H.inflow |
Tip No.: 6-412 pl. Vact.= 69.00 I
______________________________________________________ l
Depth= n\a F= 228.768 PO= -7.22 |
Uo (m)= 0.10 Vext.= 63.00 pP80= -1.36 |
L (mm)= 40.00 Vtot.= 99.00 Pmax= -7.22 |
D (mm)= 30.00 Vliigq.= 0.00 Vair= 99.00 |
______________________________________________________ I
Time Pt Vcalc K Uo-Pt I
(sec) (m) (ml) (m/s) (m) |
-+ + + + 2 ¢+ s 2 2 X+ 1 2 1 3+ X 1 2 1t i 1+ + sttt 1t 13 1t 1 Tt 31t 13T '

0 -7.22 0.00 ———— 7.32

17 -6.60 -16.46 4.0E-07 6.70

22 -6.35 -21.64 4.1E-07 6.45

29 -6.01 -27.73 4.0E-07 6.11

34 -5.71 -32.36 3.9E-07 5.81

40 -5.51 -35.12 3.6E-07 5.61

46 -5.35 -37.17 3.4E-07 5.45

54 -5.13 -39.79 3.1E-07 5.23

68 -4.70 -44.31 2.7E-07 4.80

77 ~-4.41 -46.99 2.5E-07 4.51

85 -4.15 -49.18 2.4E-07 4,25

116 -3.00 -57.00 2.0E-07 3.10

130 -2.50 -59.68 1.9E-07 2.60

137 -2.30 -60.66 1.8E-07 2.40

149 -1.94 -62.30 1.7E-07 2.04

160 -1.66 -63.49 1.6E-07 1.76

170 -1.46 -64.29 1.6E-07 1.56

180 -1.29 -64.94 1.5E-07 1.39

190 ° -1.14 -65.50 1.4E-07 1.24

200 -1.01 -65.96 1.4E-07 1.11

210 -0.91 -66.32 1.3E-07 1.01

225 -0.82 -66.62 1.2E-07 0.92

240 -0.73 -66.93 1.2E-07 0.83

255 -0.68 -67.09 1.1E-07 0.78

270 -0.64 -67.23 1.0E-07 0.74

285 -0.62 -67.29 9.8E-08 0.72

300 -0.61 -67.32 9.3E-08 0.71
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Table 2.3 Limiting permeability test, 114ml ext.

BAT System Hydraullc Conductivity Measurement
Date: 86/6/19

Loc: UBC
Name: MP
Type: var.h.inflow
Tip: pl.6-412 Vact.= 91.5
Depth= n\a F= 228.768 PO= -6.63
Uo (m)= 0.1 Vext.= 114.000 P80= -1.25
L (mm)= 40 Vtot.= 146.00 Pmax= -6.63
D (mm)= 30 Viig.= 0.000 Vair= 146.00
Time Pt Vcalc K Uo-Pt
(sec) (m) (ml) (m/s) (m)
0 -6.63 0.00 —-——— 6.73
12 -6.35 -10.27 5.7E-07 6.45
18 -6.17 -16.14 6.0E-07 6.27
24 -6.04 -20.08 5.7E-07 6.14
30 -5.83 -25.96 6.0E-07 5.93
59 -5.17 -41.31 5.1E-07 5.27
65 -5.07 -43.30 4.8E-07 5.17
73 ~4.95 -45.59 4.6E-07 5.05
81 -4.82 -47.96 4.4E-07 4.92 .
88 -4.70 -50.05 4.3E-07 4.80
97 -4.57 ~-52.22 4.1E-07 4.67
105 -4.40 -54.90 4.0E-07 4.50
120 -4.12 -59.01 3.8E-07 4.22
135 -3.82 -63.02 3.7E-07 3.92
150 -3.52 -66.68 3.6E-07 3.62
165 -3.22 . -70.02 3.6E-07 3.32
180 -2.91 -73.20 3.5E-07 3.01
195 -2.61 -76.03 3.5E-07 2.71
210 -2.33 -78.48 3.4E-07 2.43
225 -2.05 -80.76 3.4E-07 2.15
240 -1.80 -82.67 3.3E-07 1.90
270 -1.40 -85.51 3.2E-07 1.50
300 ~1.15 -87.15 3.1E-07 1.25
330 -0.97 -88.29 2.9E-07 1.07
-~ 360 -0.84 -89.08 2.8E-07 0.94

390 -0.70 -89.90 2.7E-07 0.80
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Var. H. K.test, UBC
83 mi ext., stnd. tip
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Figure 2.4
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Figure 2.Sa
. Var.H. K tests
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CHAPTER 3
3.1 Field Program Summary

The field program consisted of testing at three sites:
Macdonalds farm, the Vancouver Landfill, and a site located at
the intersection of 232nd St. and Highway 1 in Langley B.C..
The first aim at all of the sites was to evaluate the
performance of the BAT system in varying soil conditions. 1In
particular, the investigation focused on the ability of the

system to measure pore pressure and in-situ permeability.

In addition to the standard uses of the system, attempts
were made at these sites to correlate soil parameters obégined
with cone penetration equipment to parameters obtained with the
BAT. By investigating how excess pore pressure dissipations
with the BAT probe correlate with dissipations taken with the
cone, we hope +to determine +the applicability of the BAT for
determining in-situ coefficient of consolidation (ch) values.
If <the system can be used to determine both coefficients of

consoidation and in-situ permeabilities, then the coefficient of

volume compressibility can be calculated.

If the system can be used to predict ch to & 1level of
accuracy equal or better than current methods, it would be a

viable method for predicting preload performance.
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Figure 3.1 shows the general location of the three sites.
Table 3.1 contains the so0il characteristics at the Macdonalds
farm and 232nd St. sites. Table 3.2 summarizes the testing

done and the values obtained at these sites.

Table 3.1 Summary of Test Results for Three Field Sites, BAT

Site | Pore Press. H Var.H.inflow H Ex. Pp diss’n '
| #tests lave Pp| #tests | ave K | #tests ! ave. ch |
' v (m) ' (m/s) ' v (em™2/min) |
Mcd.Fr! 7 | 20.6 | 5  13.72 x10-% { 2 i 2.07 !
Van.L.i 3  :3.87 | 3  i2.4 xlo-s ! 1 1 1.46
237 St 5  } 7.56 i 5  14.8 x10-10 | 3 ! .04z 1



