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ABSTRACT: Geotechnical field instruments are essential tools that assist in providing valuable monitoring
data, especially when there are major design uncertainties. Piezometers have been reported to produce errone-
ous readings of pore water pressure (PWP) in numerous case studies attributed to filter tip clogging when in-
stalled in acid sulfate soil terrain. It was observed that the excess pore water pressures (EPWP) interpreted
from vibrating wire piezometers (VWPs) indicate slowing down of the rate of dissipation after a certain period
of time. This paper presents the potential factors that can affect the accuracy and reliability of the PWP meas-
urements in VWPs with special mention to biogeochemical factors that influence clogging of piezometer filter
tips. Piezometers affected by coupled clogging, is further evident from the microscopic images and analysis of

clogging material.

1 INTRODUCTON

Practising geotechnical and dam engineers have
often been puzzled by erroneous piezometer read-
ings which do not follow conventional soil me-
chanics, for instance, when excess piezometer
readings are constant or even increasing even
though significant settlement is still taking place in
saturated clay foundations. According to previous
literature (DiBiagio 1977; Dunnicliff 1993;
Hvorslev 1951) piezometers can malfunction due
to reasons such as sedimentation and clogging of
microscopic soil particles, defective seals, loss of
anchorage, corrosion of metal elements, inappro-
priate aperture sizes of filters or corresponding air
entry values as well as severely disturbed soil in
the proximity of the filter.

When piezometers are installed in low-lying
pyritic clays with a high organic content, erroneous
readings may be attributed to biological and chem-
ical factors resulting in the deposition of organic
biomass and chemical precipitants such as iron ox-
ides potentially clogging the piezometer filter tip
and the surrounding soil (Indraratna et al. 2018;
Indraratna et al. 2019). The accumulation of min-
eral precipitates (Fe and Al oxides/hydroxides)

within the pore spaces of soil can result in reducing
the porosity and hinder the overall ability for the
groundwater to permeate (Indraratna et al. 2014).
The bio-clogging is associated with acidophilic
bacteria, which promotes biofilm growth as well as
catalysing the chemical reactions of mineral pre-
cipitation.

2 CLOGGING IN ACID SULFATE SOILS

In low-lying coastal acid sulfate terrain, partial
clogging of VWPs with time is mainly attributed to
chemical precipitates (e.g. iron oxides and. hydrox-
ides), bacteria-induced cavitation, chemical altera-
tion and growth of biomass, all of which inhibits
the dissipation of excess pore water pressure over
time (Indraratna et al. 2017). The chemical clog-
ging is further catalysed by acidophilic bacteria,
Acidithiobacillus Ferrooxidans, where the biologi-
cal and chemical clogging occurs in tandem, hence
the term bio-geochemical clogging. A number of
standpipe piezometers, observation and data logger
wells that were installed in a coastal acid sulfate
floodplain several years ago were exhumed and
examined for potential clogging. The clogging had
significantly deteriorated the filter zone and the
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deposition was mainly biological and chemical
origin, including infiltrated particles of fine soil
and organic matter, reddish-brown precipitates and
dark brown to black biomass/slime that formed a
blend of cohesive matrix lining the filters (Fig. 1).
Furthermore, sampling of the clogging material re-
vealed that iron oxidising bacterial count was of
high aggressivity.

Fig. 1 Iron oxide/hydroxide precipitates clogging the
pores of a granular cover surrounding the piezometer tip

To support the clogging phenomenon, a com-
prehensive microscopic analysis was performed on
VWP filter tips before (i.e. a fresh filter) and after
clogging (i.e. a filter retrieved from the field 1.5
years after installation) at the UOW-EMC labora-
tory. These piezometer filter tips were extracted
from the Ballina bypass trial embankment, which
is an acid sulfate ‘hotspot’. A scanning electron
microscope (SEM) (JEOL JSM-6490LV) was used
to examine the surface of the filter tips. The SEM
micrographs show the distinct contrast in the void
spaces of the fresh filter prior to clogging (Fig
2(a)), compared to the clogged filter with clogging
material deposited within the pores of the filter
(Fig 2(b)). An Energy Dispersive X-ray Spectros-
copy (EDS) analysis was then coupled with SEM
to identify the elemental composition of the filter
surface. The primary elemental composition of the
filter surface prior to clogging consisted mainly
large peaks in Fe, Cr, and Ni, (Fig 3(a) — Spectrum
1) confirming the elemental composition of the
stainless steel alloy, whilst the primary elemental
composition of the clogging material comprised of
Si, Al, Fe and O (Fig 3(b) - Spectrum 2). This fur-
ther affirms that chemical precipitates deposit on
piezometer filter tips, which are transported in
their soluble form in acidic groundwater (Indrarat-
na et al. 2010).
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Fig. 2 SEM micrographs of piezometer filters: (a) filter
tip prior to clogging, (b) clogged filter tip after deposi-
tion of clogging material in filter pores (after Indraratna
etal. 2019)

)
n
@

Intensity
1

Si

Intensity
B 8
i

Energy

Fig. 3 Comparison of EDS spectra for (a) filter material
(spectrum 1); (b) clogging material (spectrum 2)

The potential clogging of VWPs exacerbated by
the acidophilic bacteria suggests that for long-term
monitoring traditional standpipe piezometers can
be easily maintained by flushing would comple-



ment the use of VWPs, although given the longer
time lag for standpipes. Recently, fully grouted in-
stallations of VWPs have been popular (Dunnicliff
1993), however even then Kelly et al. (2018) have
observed discrepancies in pore pressure readings,
possibly due to cracking of grout annulus due to
large-strain soil movement resulting in tensile
strains, paving acidophilic bacteria contaminated
groundwater to infiltrate the pore space surround-
ing the piezometer tip.

3 CASE HISTORIES: PIEZOMETER
RESPONSE IN ACID SULFATE TERRAIN

The dissipation trends of excess pore water pres-
sure for four case histories, (i) Port of Brisbane
(POB), Australia with wick drains of 1.3 m spac-
ing, (ii) Muar clay embankments, Malaysia with
wick drains of 1.3 m spacing, (iii) Pacific High-
way-Ballina Bypass, Australia with wick drains of
1.0 m spacing, and (iv) the Second Bangkok (Su-
warnabhumi) International Airport (SBIA), Thai-
land, with wick drains of 1.2 m spacing are pre-
sented in Fig 4. For some of the cases, acceptable
PWP dissipation rates were observed (e.g. POB
and SBIA), however, a sudden retardation of PWP
dissipation was observed for the Pacific Highway-
Ballina Bypass embankment in Australia after
about a year, even with drains installed.
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Fig. 4 Selected trends of excess pore water pressure dis-
sipation for various case studies (adapted from Indrarat-
na et al. 2017)

A comparison was made of the Excess PWP
trends of embankments at POB and the Pacific
Highway (Ballina Bypass, south of Brisbane) to
further provide evidence in clogging. Both em-
bankments were raised on similar upper Holocene
clay and the piezometer data were recorded at sim-
ilar depths and at the centreline of each embank-
ment below the groundwater table as shown in Fig
5. VWPs for both cases had stainless steel low air
entry filter tips to measure the EPWP in saturated
clay.

An accurate prediction of the Excess PWP trend
from the selected VWPs were made using the elas-
tic visco-plastic (EVP) model (Baral 2017). This
model predicted Excess PWP behaviour very accu-
rately for POB, however, the same model when
used to predict the Excess PWP for the site in
Ballina, it was only comparable for about a year,
after which the measured data remained much
higher than the computed or predicted values;
whilst the disparity increasing with time (Fig 5).
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Fig. 5 Vibrating wire piezometer prediction using the
EVP model for the Port of Brisbane (POB) and Ballina
bypass embankment (adapted from Indraratna et al.
2017)

Unlike the site at POB, the Ballina embankment
site is located in a low-lying coastal floodplain in
an acid sulfate ‘hotspot’ with a high organic con-
tent (4-6%) and groundwater pH below 5.5. This
implies that in the longer term, VWPs installed
with ceramic and stainless steel filters can experi-
ence clogging when installed in acid sulphate (py-
ritic) floodplains. At the POB, the stainless-steel
filter tips may have been more resistant to bacteria-
induced clogging, but the pyrite oxidation problem
is not as acute as the Ballina floodplain.

The sudden retarded dissipation of excess PWP
at Ballina bypass can be attributed to the potential
clogging of piezometers. Based on the EPWP dis-
sipation curve for Ballina Bypass, such clogging in
acid sulfate soil conditions can be described using
a distinguishable tri-linear trend (Fig 6). During
the initial stage of soil consolidation, a piezometer
is very accurate and reliable, up until around a year
after installation. In the second stage, the piezome-
ter filter tip may begin to partially clog in acid sul-
fate soils with the continuous deposition of chemi-
cal and biological material. Clogging will restrain
the flow surrounding the filter tip and will disrupt
the pore water pressure dissipation over time. As a
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result, a large time lag may be required to establish
equilibrium at the soil-filter interface. In the third
and final stage the filter may get fully clogged and
produce near constant EPWP readings and almost
no dissipation. During this stage it can be assumed
that the soil would have no ‘hydraulic connection’
to the filter tip.
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Fig. 6 Trilinear trend for excess PWP dissipation (after
Indraratna et al. 2018)

4 CONCLUSIONS

Piezometers may not always respond accurately
and reliably as one expects. This is apparent in the
case histories discussed, as the piezometer filter tip
may be clogged when a retarded dissipation of ex-
cess pore pressure is measured even when signifi-
cant consolidation is still occurring.

In embankments constructed in ASS flood-
plains with high organic contents, chemical and
biological (bacterial) factors may cause VWPs fil-
ter tips to gradually lose the reliability and accura-
cy over time because their filters cannot be back-
washed once installed, unlike standpipes
piezometers where backwashing is possible as and
when required during its entire service life. There-
fore it is important that practitioners continue to
use alternative methods to verify the VWP read-
ings, such as standpipes that can be backwashed
after installation.
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