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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The proceglures used to develop this document and those intended for its further maintenanee
described In the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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Geotechnical investigation and testing — Geotechnical
monitoring by field instrumentation —

Part 4:
Measurement of pore water pressure: Piezometers

IM&ORTANT — The electronic file of this document contains colours which are consitiered to be

usefful for the correct understanding of the document. Users should therefore considgr printing

this document using a colour printer.

1 [Scope

This document specifies the measurement of pore water pressures and(piezometric levels i saturated

grolind by means of piezometers installed for geotechnical monitoring: General rules of p{rformance

monitoring of the ground, of structures interacting with the greund, of geotechnical ffills and of

geotechnical works are presented in [SO 18674-1.

If applied in conjunction with ISO 18674-5, the procedures “described in this document allow the

determination of effective stresses acting in the ground.

Thif document is applicable to:

— |monitoring of water pressures acting on and in geotechnical structures (e.g. quay walls, dikes,
excavation walls, foundations, dams, tunnels, slopes, embankments, etc.);

— |monitoring of consolidation processes’ofsoil and fill (e.g. beneath foundations and in embfinkments);

NO1
inte
geof
meg
con

2
The

evaluating stability and serviceability of geotechnical structures;

checking geotechnical desighs in connection with the Observational Design procedure.
E This document fulfils-the requirements for the performance monitoring of the ground, o
Facting with the ground, and of geotechnical works by the means of piezometers, installed ag
echnical investigationand testing in accordance with References [4] and [5] This documen

suring devices, whieh are installed in the ground. For pore water pressure measurements ca
hection with cogée\pénetration tests, see ISO 22476-1.

Normative references

following documents are referred to in the text in such a way that some or all of th

con

stitutes requirements of this document. For dated references, only the edition cited 4

f structures
part of the
t relates to
ried out in

pir content
pplies. For

undated references, the latest edition of the referenced document (including any amendments) applies.

ISO 18674-1:2015, Geotechnical investigation and testing — Geotechnical monitoring by field
instrumentation — Part 1: General rules

ISO 22475-1, Geotechnical investigation and testing — Sampling by drilling and excavation methods and
groundwater measurements — Part 1: Technical principles for execution

3

Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 18674-1 and the following apply.

©IS
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ISO and IEC maintain terminological databases for use in standardization at the following addresses:

— ISO Online browsing platform: available at https://www.iso.org/obp

— IEC Electropedia: available at http://www.electropedia.org/

31
piezometer

field instrument system for measuring pore water pressure (3.2) or piezometric level (3.4) where the
measuring point (3.15) is confined within the ground or geotechnical fill so that the measurement
responds to the fluid pressure around the measuring zone/point and not to fluid pressures at other
elevations

Note 1 to erftry: The system consists of a sealed reservoir (3.1.2) filled with fluid, a filter (3.1.3) and a intedsujring
device (3.1.1).

Note 2 to enftry: The system is either an open piezometer system (3.6) or a closed piezometer systent (3.7).

3.1.1
intake zone
zone confihed by seals (3.1.6), between which water in the ground can flow’to-the measuring device,
thus definipg the measuring point (3.15)

Note 1 to enjtry: See Figure 1.

Note 2 to entry: It is assumed that a hydrostatic pore water pressure (3.2} distribution is established along the
intake zone

Note 3 to erftry: The constant of proportionality between flow intoe.or out of a piezometer (3.1) and the change of
pore water pressure is called the intake factor F.

3.1.2

reservoir
space between the ground and the measuring device (3.1.7), occupied by a fluid, which allows the pore
water presgure (3.2) to act on the sensing element of the measuring device

Note 1 to e:]:ry: The pores within the filter {3.1.3) are an integral part of the reservoir.

Note 2 to enftry: In open piezometer systems (3.6), the water-filled part of the standpipe is part of the reservoir.

3.1.3
filter
permeable[section of a piezometer (3.1) defining the intake zone (3.1.1), which allows water to enter @nd
at the samg time restricts-soil particles entering the standpipe or measuring device (3.1.7)

Note 1 to enjtry: The-filter can be a combination of elements, such as a sand pocket, a perforated pipe, a geotektile
sleeve, a filtpr tip(3.1.4) and grout backfill in specific cases.

3.1.4
filter tip
filter (3.1.3) element which is a common part of a closed piezometer system (3.7)

Note 1 to entry: Filter tips are formed of a material with purpose-designed pore diameters, i.e. HAE filter (3.1.4.1)
or LAE filter (3.1.4.2).

3.1.41

high air entry filter

HAE filter

filter tip (3.1.4) with comparatively small pores giving a higher resistance to the passage of air than to
the passage of water

Note 1 to entry: Commonly, high air entry filter tips have pore diameters of between 1 pm and 3 pm.

2 © IS0 2020 - All rights reserved
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Note 2 to entry: HAE filter tips are used when it is intended to keep gas out of the measuring device (3.1.7).

Note 3 to entry: In unsaturated soil or when negative pore water pressures (3.2) are to be measured (i.e. suction;
see Annex F), the pressure of the gaseous phase is always higher than that of the pore water. The required pore
diameter of the HAE filter tip depends on the difference between the pore air pressure and the pore water
pressure.

3.1.4.2

low air entry filter
LAE filter

filter tip (3.1.4) with comparatively large pores giving a lower resistance to the passage of air readily
all illg L}le pPdassdgt UbeLh dil dlld WdlCl

Note¢ 1 to entry: Commonly, low air entry filter tips have pore diameters of between 20 pm and(50/inp.

3.15
filter pack
permeable material, placed around a slotted section of an open piezometer (3\4) or around the filter tip
(3.1.4), allowing water to reach the measuring device (3.1.7)

3.1l6
seal
laydr in a borehole, made with a material that has a permeability suitable for hydraulical separation of
twd aquifers (3.10)

Notg 1 to entry: Seals are generally used to confine an intake zone (3.1.1).

3.1)7
measuring device
parf of the piezometer (3.1) system used to measure the piezometric level (3.4) in an open system (3.6) or
thepore water pressure (3.2) in a closed system(3.7)

Note 1 to entry: For an open piezometer system (3.6), the measuring device is commonly a waten| level meter
(3.147.1) for manual measurements or a pressure transducer for automatic measurements.

Notg¢ 2 to entry: For a closed piezometer’system (3.7), the measuring device is typically a diaphragm pressure
trarjsducer (see 7b in Figure 1 b))\The diaphragm separates a reservoir (3.1.2) and an inner chamber in the
trarsducer. The deflection of thediaphragm is a function of the pore water pressure (3.2) (see Figure B).

Note 3 to entry: For closed piezometer systems, the measuring device is often synonymously termed 4 piezometer
in ajnarrow sense.

3.171

water level meter
measuring device with a marked length measuring tape and a tip that activates a signal (light, sound)
whé¢n it comés’into contact with water

Notg¢ 1.to.entry: A water level meter is commonly used for manual measurements in open systems (3.p) or during
the |nStallation procedure of piezometers (3.1).

3.1.7.2

electric piezometer

piezometer (3.1) where the measuring device (3.1.7) has a diaphragm and the deflection of the diaphragm
due to pore water pressure (3.2) is measured by an electric sensor

Note 1 to entry: Electric piezometers are commonly based on strain gauge, piezo-electric, vibrating wire or
capacitive sensors. Data acquisition devices exist which accommodate all types of electric piezometers.

Note 2 to entry: See Figure 3.

© IS0 2020 - All rights reserved 3
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3.1.7.3

fibre optic piezometer
piezometer (3.1) where the pressure measuring device (3.1.7) has a diaphragm and the deflection of the
diaphragm is measured by an optical sensor

Note 1 to entry: Fibre optic piezometers do not require electrical connection between read-out unit and sensor.

Note 2 to entry: Fibre optic piezometers require a dedicated read-out unit.

3.1.7.4

pneumatlc plezometer

piezomete
by a gas pt
pressure (
Note1toe

3.2
pore wate|
u

pressure of

Note 1 to eptry: The pore water pressure is the difference between the total stress and the effective stres

saturated g

Note 2 to enftry: For rocks, the associated term is joint water pressure.

Note 3 to ¢

“saturated”

Note 4 to eq
Annex F). Iy
are not with

Note 5 to en|

(see 5.4.1 ax

essure, which is applied from the outside via gas fllled tubes and closed by the pore w
.2)

ry: See Figure 4.

I pressure

the water in the voids of the ground or a fill, relative to the atmospheric pressure

round (see References [6] and [7]).

ntry: The state of soil or fill where the pores are completely filled with water is referred t

try: Pore water pressure measurements can yield positive or negative values (see Reference [8]
struments that directly measure negative pore pressures are sometimes termed ‘tensiometers’
in the scope of this document (see ISO 11276).

[ry: Measurements of the pore waterpressure can be affected by changes of the atmospheric pres
d Annex A).

3.3

pressure head

)

ratio u/y,,

Note 1 to entry: For an opempiézometer system (3.6), it is proportional to the elevation difference between

plezometric

3.4

piezometr

Zy

elevation t
the wateri

pf the pore water pre§sure u (3.2) and the specific weight of water y,,, above a point

level (3.4) and the level of the measuring point (3.15) (see Figure 1).

ic level

ally
nter

D as

and
but

pure

the

b which water will rise in an open standpipe piezometer (3.6.1) and at which the pressurn

e of

n the ground is equal to that of the ambient atmosphere

Note 1 to entry: The piezometric level z,, is the sum of the geometric elevation z and the pressure head ) (3.3):
Zy=Z+ UV,

Note 2 to entry: See Figure 1.

3.5

groundwater table
water table
elevation at which pore water pressure u (3.2) is zero

Note 1 to entry: See Figure 1.
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Note 2 to entry: An equivalent term is phreatic surface.
Note 3 to entry: The groundwater level is the level of the groundwater table at a geographical coordinate.

3.6

open system

open piezometer system

field instrument system in which the fluid is in direct contact with the atmosphere and the piezometric
level (3.4) at the measuring point (3.15) is measured

3.6.1

opdrstamdpipe piezometer
opeh piezometer system (3.6), consisting of a pipe (installed in the ground) which, at its,uflper end, is
open to the atmosphere and with a perforated section, located in the intake zone (3.1.1)

Note 1 to entry: See Figure 1 a).
Not¢ 2 to entry: Typical inner diameters of the pipe are from 19 mm to 60 mm.

3.6]2
Casagrande piezometer
opeh standpipe piezometer (3.6.1) with one or two comparativelyksmall inner diameter gipes and a
porpus filter tip (3.1.4) at the measuring point (3.15)

Not¢ 1 to entry: See 5.2.2.4, Figure 2 and Reference [9].

3.6]3
mohitoring well
opeh standpipe piezometer (3.6.1) with a large inner<diameter of the pipe (typically 2100 mm|

Note 1 to entry: A monitoring well can be used.a$ standpipe piezometer (3.1), if the response fime (3.9) is
satiffactory (see Annex D).

Notg¢ 2 to entry: A monitoring well is ofteh-used for taking samples of the groundwater or for|performing
punjping tests.

3.6{4
observation well
open pipe within a borehole; where the intake zone (3.1.1) is unconfined

Note¢ 1 to entry: Observation' wells are often incorrectly termed open standpipe piezometers (3.6.1). Pbservation
wells do not classify as-piezometers (3.1) as they do not have seals (3.1.6).

Note¢ 2 to entry: S€e.5.2.2.3.2.

3.7
closed system
closed'piezometer system
medsuring system in which the reservoir (3.1.2) is not in direct contact with the atmospljere and in
which the pressure in the fluid is measured by a pressure measuring device (3.1.7)

Note 1 to entry: See Figure 1 b).

Note 2 to entry: Examples for pressure measuring devices, used in closed systems, are electric transducers, fibre
optic transducers and pressure valves.

3.71

diaphragm piezometer

closed system (3.7) with a filter tip (3.1.4), a small reservoir (3.1.2) and diaphragm which separates the
pore water from the measuring system

Note 1 to entry: The deflection of the diaphragm is measured and the signal is transported through a cable to an
accessible location.

© IS0 2020 - All rights reserved 5
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Note 2 to entry: Possible diaphragm piezometers are electric piezometers (3.1.7.2) or fibre optic piezometers
(3.1.2.3).

Note 3 to entry: The pressure is measured adjacent to the filter tip.

3.7.2

closed hydraulic twin-tube piezometer

closed system (3.7) with a porous ceramic filter tip (3.1.4) located within an intake zone (3.1.1) and
connected to a remote location via twin fluid filled tubes

Note 1 to entry: The pressure measurement takes place at the remote location and not at the filter tip. The
measuremepts-reed-te-be-adiustedforelevationdifferencesbetweenthefter-tip-and-theremotelocation:

3.7.3
probe piezometer
closed system (3.7) where a moveable measuring device (3.1.7) is inserted into a pipe which/is equipped
with one of more measuring ports, each located at an intake zone (3.1.1)

3.8
multi-levell piezometer
system with several measuring points (3.15) permanently installed at different-elévations in the ground,

where eaclh measuring point has its own intake zone (3.1.1)

3.9
hydrodynamic time lag
response fime

time span between a change of the pore water pressure (3.2) in the ground and the associated change in
the measufement

Note 1 to enjtry: The time lag depends primarily on the type-and dimensions of the piezometer (3.1) (essentjally
the size of the reservoir (3.1.2)), the permeability of the greund and the installation procedure (see Annex D)

Note 2 to eptry: The term “slow response time” of the’piezometer is synonymous with a long hydrodyngmic
time lag.

3.10
aquifer
body of permeable rock or soil mass(Suitable for containing and transmitting groundwater

3.11
unconfined aquifer
aquifer (3.10) in which the groundwater surface forms the upper boundary

3.12
confined jqquifer
aquifer (3.10) whichis bounded above and below by aquicludes (3.14)

3.13
confining Yayer
aquitard

a low permeability layer of rock or soil that restricts groundwater flow and seperates aquifers (3.10)

3.14

aquiclude

body of soil or rock with extremely low transmissivity, which effectively prevents the flow of water
through the ground

3.15
measuring point
point in the ground where the pore water pressure (3.2) is referenced to

6 © IS0 2020 - All rights reserved
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Symbol Name Unit
A cross-sectional area of the standpipe m?
d borehole diameter / diameter of intake zone m
D diameter of a standpipe m
F intake factor —
FS full scale —
GWT groundwater table —
HAE high air entry —
ke hydraulic conductivity of soil m/s
kg hydraulic conductivity of grout m/s
L length of intake zone m
LAE low air entry —
p pressure kPa
qy unconfined compressive strength Pa
RL reference level —
t time S
u pore water pressure kPa
z geometric height m
Zmn geometric height of the measuring point m
Z, piezometric level m
Yw unit weight of water kN/m3
Y pressure head m

5 |Instruments

5.1 General

5.1{1 Open piezometer-systems and closed piezometer systems should be distinguished|from each
other (see Table 1 and Eigure 1).

Table 1 — Piezometer types

Type Sub-type

Feature

onan-ctandnina

A filter and reservoir, installed in the ground ind open
to the atmosphere.

Open piezom-
1 |eter system

OpeStTarapTpt

piezometer

— monitoring well

L : doess : P le Raod: b
TIre-measurmgaevice s retrevanrereaamgs can be

manual or automatic.

An advantage of open systems is the possibility that

(see 5.2) automatic measurements can be checked against manual
— Casagrande piezometer |measurements.
Open piezometers may not have a suitable response time
in low permeability soils.
© IS0 2020 - All rights reserved 7
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Table 1 (continued)

No. Type Sub-type Feature

o ) Afilter, areservoir and a pressure transducer are in-
— electric, fibre optic or

Closed probe piezometer

2 piezometer Retrievable pressure transducers are possible using
system (see |— pneumatic piezometer special systems.
5.3)

Closed systems commonly have a shorter time lag tha

— twin-tube piezometer
open systems.

stalled in the ground and are closed from the atmosphere.

n

5.1.2 The choice between open or closed systems should be made according to the monitoring\plan
(see ISO 18674-1:2015, 4.3) and in consideration of the loading conditions and the hydrodynamie fime

lag of the system.

NOTE1  The choice between open or closed system is crucial and can be a decisive factor on,success or fai
of the meagqurement. For example, in undrained conditions, an open system will not correctly follow the
changes of jore water pressure (see Annex D).

NOTE 2 limatic conditions play also an important role when choosing between an‘open and a closed sys
For examplg¢, when there is a risk of freezing conditions, a closed system is preferred,

5.1.3 The¢ intake zone of the filter should be limited to an adequately short vertical section of
aquifer.

NOTE Fore water pressures can vary with depth or in stratifiedaquifers or when vertical groundwater
is present.

5.1.4 All|components and equipment intended for installation in the ground shall be sufficie
resistant t¢ mechanical loading and chemical attack by constituents in the groundwater. Any react
between the materials used and the ground, in_ particular consequences of diverse electrochen
potential elg. galvanic effects, shall be prevented.

NOTE Differences in electrochemical potential can cause modified pore water pressures. This e
emanates frjom gases generated by electric currents created by using different metals or alloys in the piezom
tip and/or f{lter material.

ure
frue

fem.

the

low

ntly
ons
ical

fect
eter
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GL 01001 1b
— _._.—._._f_ |
b
AR
I e | s EhAaEn ]
1 —7b | ]
~7b1
RL —/H————————— " N —
a) Open system b) Closed system
Key
GL |Ground Level A zone above GWT B zone below GWT
[ |unconfined aquifer 11 aquiclude or aquitard III  confined aquifer
z,, |piezometric level in III GWT groundwater table in I RL reference level (e|g. sea level)
la |water level meter 1b  readout unit with barometer = 2a vented top cap with base plate
2b [base plate 3a  standpipe 3b signal cable
4 |backfill 5 borehole wall 6 seal
7a |perforated or slotted section 7b  pressure measuring device 7b1 reservoir with filtpr tip
7b2|inner chamber of transducer 7e  endcap 8 filter pack
9 |intake zone 10  pressure head 11 elevation of measfiring point
relative to RL
Figure 1 — Types of piezometer systems

5.2 Open piezometer systems
5.2.1 General

5.2.1.1 An open piezometer system shall include the following components: a filter around the
measuring point, a seal above the filter and an open pipe which extends from the filter through the seal
up to the ground surface.

EXAMPLE See Figure 1 a).

© IS0 2020 - All rights reserved 9
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NOTE1 The water pressure at the piezometric level is in equilibrium with the atmospheric pressure.

NOTE2 1
practice to
head tests).

f the borehole extends deeper than the intake zone, a seal is placed below the filter. It is also good
include a seal below the filter if horizontal flow is required (e.g. for performing rising or falling

5.2.1.2 The measuring point of an open piezometer is defined as the midpoint of the intake zone.

NOTE1 The piezometric level, measured at the measuring point of an open piezometer is influenced by the
intake zone. A hydrostatic pressure distribution is assumed over the height of the intake zone.

NOTE 2
For exampl

5.2.1.3

5.2.1.5 II case of artesian conditions and an overflow of the standpipe, the standpipe can be extenjded

toalevel a
5.3), e.g. by

522 Tyl

5.2.21 (
Open piezd
— Opens
— Monitg

— Casagy

5.2.2.2 (
An open st

— astrai

: ; : D : 7 D
¢, when using a pressure transducer in an open piezometer, the measuring point remains the genb

rice.
e of

he top cap of the standpipe shall be equipped with a vent to permit unrestricted variatior]s of

easurements can be conducted either by determining the piezometric level (e.g. Qy a
meter) or by measuring the water pressure in the standpipe at aspecified depth below|the

etric level, compensation for atmospheric variations should be censidered (see 5.4).

ove the highest piezometric level or the open system cah be converted to a closed system (see
sealing a pressure gauge onto the top end of the standpipe.

pes of open piezometer systems

feneral

meter systems can be of the following types:
tandpipe piezometer

ring well

ande piezometer

)pen standpipepiezometer
hndpipe piezometer shall include the following components:

bht pipe with a minimum inner diameter of 12 mm;

NOTE 1

The minimum inner diameter is related to self-de-airing of open standpipe systems.

NOTE 2 Main considerations in the selection of the inner diameter are the ground conditions and the

hydrod

ynamic time lag. Larger diameter pipes have longer hydrodynamic time lags.

— aslotted or perforated section of the lower part of the standpipe;

NOTE3  When used in highly permeable ground with large and rapid water variations, the openings in

the per

forated or slotted pipe need to be sufficiently large to minimise flow resistance.

— a filter pack around the slotted or perforated section of the standpipe according to 5.5.1.1 and

5.5.1.2

)

— asealing plug of at least 1 m above the filter pack to confine the intake zone and to avoid rain water
directly entering the piezometer system;

10
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NOTE 4  When using clay pellets to form a seal, it is good practice to have at least 1 m of the seal below the
groundwater level in order to allow the pellets to swell. When this is not possible, it is good practice to use a

grout mixture as the seal.

— asealing plug of at least one meter length in each confining layer. The location and length of the plug

5.2

should be adjusted to the local ground conditions.

.2.3 Monitoring well

5.2.2.3.1 A monitoring well (see 3.6.3) with approprlate seals may be used as an open standpipe

piez

5.2
reg

il Hio Hio R WPVNA | dha vacioca Fiaa o 1o o ooat bl o £o o oo

Lla f,
Ulll\.L\.L Lo\.\. T LIL T AS 1U115 sttt 1\.011\1110\., I.lllu. 1S a\,\.\,l.ll.cluu. TOTpPUTpPOSTT

me cannot be known a priori, the use of observation wells is strongly discouraged.

2.3.2 Monitoring wells should be clearly distinguished from observation wells. As,the gjoundwater

NOTE Observation wells (see 3.6.4) do not classify as piezometers as they do not have seals and thus can
credte connections between different aquifers and disturb the groundwater regime)The use of obseration wells

isli

gro@indwater table, the water pressure increases uniformly with depth.

5.2

5.2

NOT

NO1T
pos

5.2
the

NOT

NO1
dev

NOT
acl
suit]

2.4 Casagrande piezometer

2.4.1 A Casagrande piezometer shall include the following’components:

metal or porous plastic, placed in a borehole;

the surface.

E1l See Figure 2.

E2 A typical inner diameter of the-standpipes is 12 mm. Smaller inner diameters can be u
ible that they are not self-de-airing:

2.4.2 With dual pipes.the piezometer can be flushed to remove air and/or soil part
system.

E1  With dual pipés'(see Figure 2 b)), the diameter of the pipes can be smaller than 12 mm.

ce within the standpipe. The device can be retrieved and replaced.

hble Solution to seal the casing(s).

mited to the measurement of the groundwater level in the uppermost layer of the ground in whifh, from the

alow air entry filter made from appropriate materiaksuch as quartz sand, ceramic materipl, sintered

one or two standpipes of a comparatively small inner diameter attached to the filter coming up to

ged, but it is

cles out of

E2 The use'ef a larger diameter pipe (see Figure 2 c)) allows the installation of a pressur¢ measuring

E3 sing a special tip connection (see 9 in Figure 2 c)), a Casagrande piezometer can be donverted to
sedrpiezometer system. The pipe(s) can be closed by a device which includes a pressure transducer and a

© IS0 2020 - All rights reserved
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a) Singlestandpipe b}-Dotblestandpipes €)-Single-standpipe
(with common D)) (with small D;) (with large D))
Key
1  porous filter 4 seal 7 second pipe allowing flushing
2 filter pack (filter sand) 5 backfill 8 larger diameter pipe allowing
3 borehole wall 6 small diameter pipe installation of pressure
transducer
9 filter tip connection (optional)
Figure 2 — Casagrande piezometer, showing different connections to the surface
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Closed piezometer systems

5.3.1 General

:2020(E)

5.3.1.1 C(losed piezometer systems shall include the components shown in Table 2. The components of
the system are a function of the installation method.

Table 2 — Piezometer components as a function of the installation method

a

b

EX/

P — : - = Pl:ezome(tier comn(s)nelntb .
method | | ot | e | Measiripgdevice
traglitional + + + i
fully grouted + +a 1
pugh-inP + - + 1
embpedded + + - 1
Key
+ |essential
hbsent

The grout acts as a filter pack and as a seal, see 6.1.3.
The filter tip is pushed into the ground and is in direct contact with the ground, see 6.1.3.
MPLE For traditionally installed closed systems, see Figure 1 b).

NOTE The water pressure at the pressure measuring deyice is not necessarily in equilibrium with the
pregsure.

htmospheric

5.3

NO'
byt

5.3
filte
tra
be {

1.2 The measuring point is the location, of the diaphragm, adjacent to the filter tip.

E

1.3 Pressure measuring devices, or components thereof, shall be located either direct
r tip or at the ground surface. The device located near the filter tip can be either a diaphrag|

sducer (see Figure 3)-ord pressure valve (see Figure 4). Measuring devices at the ground
ressure gauges (see Figure 5), readout units and/or control panels.

When afilter pack is present around the filter tip, the pressure measured at the diaphragm i
he intake zone and does not necessarily represent the pressure at the measuring point in the grou

s influenced
nd.

ly near the
n pressure
surface can
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BwWw N R

u 3 3 5a
i /5
o /gj -
4h
3 5b
4c
a) Diaphragm piezometer b) Types of possible diaphragm
transducer (schematic) transducers

pore water pressure signal cable

filter tip 5a electric cable

reservdir filled with water 5b fiber optic cable

diaphrggm inner chamber

transdycer

4a vibfating wire

4b strgin gauge

4c fibdr opti€’ gauge which measures

disfarice to diaphragm

Figure 3 — Diaphragm pressure transducers of different types of closed piezometer systems

14
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Key

1 |gas supply

2 |pressure gauge
3 |inlet tube

4 |outlet tube

4a vent to atmosphere

vl

borehole wall

6 [seal

7 |body of pressure’‘measuring device

7a pressuc€ valve (flexible membrane)
7b reServoir filled with water
7cfilter tip (LAE)

8 filtér pa ck

NOTE This figure is sourced from Reference [10].

Figure 4 — Pneumatic piezometer (schematic)
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Key

z,, piezomptric level
ground|
filter tip (LAE)
filter pgck

twin hyjdraulic tube
pressuie gauge

N U1 AW N =

valve

Figure 5 — Hydraulic piezometer (schematic)

5.3.2 Types of closed piezometer systems

5.3.2.1 (eneral

Closed piezometer systems carbe of the following types:
— Piezometers with diaphragm pressure transducers
— Piezo:]:

eters with' pneumatically activated pressure valve

— Hydraglic tWin-tube piezometer

5.3.2.2 Piezometers witlhrdiaphragmnr pressure transaucers

The piezometer shall include a pressure transducer with a deformable diaphragm, separating two
chambers: a water-filled reservoir incorporating a filter tip as the intake for the pore water (7bl in
Figure 1) and an inner chamber of the transducer (7b2 in Figure 1) incorporating connections to an
outside read-out.

EXAMPLE Electric (including vibrating wire) and fibre optic pressure transducers.

NOTE 1 See Figure 3, 3.1.7.2 and 3.1.7.3.

NOTE 2  Vibrating wire, current loop and fibre optic transducers are frequently used when the measuring
signal has to be transmitted via cables over long distances without measurable loss in the quality of the signal.
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2.3 Piezometers with pneumatically activated pressure valve

piezometer shall include a diaphragm valve in the measuring device.

NOTE1 Pneumatic piezometers are generally considered reliable in the long-term.

NOTE 2  See Figure 4 and 3.1.7.4.

NOTE 3

ground surface (see 5.4) as the return tube is open to the atmosphere.

5.3

5.3
fittd

NOT

5.3

hydiraulic head. They should be made from polythene-coated nylon té-avoid leakage and cd

pro

5.3
thrd

NO']
the

in the system.

NOT

components.

5.4

5.4
abs

NOTI

NO]
atm
Reld

Pneumatic systems measure the pore water pressure in relation to the atmospheric pressure at the

24— Hydraulictwin-tabe piezometer

d to the filter body.
E See Figure 5.
2.4.2 The hydraulic tubes shall not be allowed to rise above the elevation of the level of t|

fection to avoid mechanical damage.

2.4.3 After installation and when otherwise required.-during operation, water shall
ugh the tubes such that trapped air is purged from the system.

E1 Connecting pressure gauges to both hydraulic tubes can be used to identify if there i
piezometer. A discrepancy in the pressure gauge readings is indicative of air, which can hav

E2 The long-term stability of the system™s supported by the exclusion of mechanical

Absolute versus relative measurements and atmospheric compensation

1 When selecting a poreswater pressure measuring device and when taking the mea|
blute pressure, gauge pressure and relative pressure shall be distinguished from each othe

E1 SeeFigure 6.

pspheric pressiixe, so it is equal to absolute pressure minus atmospheric pressure at the refé
tive pressureis referenced to atmospheric pressure.

2.4.1 Hydraulic twin-tube piezometers shall consist of a low or high air entry filter-with two tubes

he minimal
vered by a

be flushed

S any air in
e developed

hind electric

surements,
I.

E2  Absolute préssure is zero-referenced to vacuum. Gauge pressure is zero-referenced agaiinst ambient

rence time.
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p A
—_————— e ————————— 5§
- " I .
B S ——— s V{
Pa ’
— ~ A
0 =1

Key
p  pressute absolute zero pressure (vacuum)
p, absolute pressure measurement compensated pore water pressure
P, gauge fressure measurement atmospheric pressure at calibration

p, relativd pressure measurement actual atmosphepic pressure

Ul s W N

absolute pressure

Figure 6 — Absolute gauge and relative préssure measurements

5.4.2 Fo1 the measurement of absolute or gauge pressure, the inner chamber (7b2 in Figure 1) of|the
measuring[device shall be hermetically sealed.

NOTE1 Hor gauge pressure measurements the\pressure chamber of the sensor is typically sealed at 100[kPa
or at the atrhospheric pressure on the productien’date. In these cases, measured pressure can be below 0 kP.

NOTE 2 The pressure in the hermetically sealed inner chamber can be tailored by the manufacture¢r if
required, e.g. when installing piezometers at high altitude.

NOTE3  (hen compensation-for atmospheric pressure is required, piezometers which are sealeql at
atmospherif pressure only need/to be compensated for the deviation of the atmospheric pressure at|the
measuremept point from the-afrmospheric pressure indicated in the factory calibration report.

5.4.3 Foy the measurément of differential pressure, at least two measuring devices with hermetidally
sealed inngqr chambers (7b2 in Figure 1) are required.

NOTE Vhen.one device measures the atmospheric pressure and another device measures the pore wlater
pressure at thesame time, atmospheric compensation can be calculated by subtracting both values: see Anngx A.

5.4.4 For the measurement of relative pressure, the inner chamber of the measuring device shall be
connected to the atmosphere.

NOTE Commonly, a venting tube is used for the connection of the inner chamber to the atmosphere. That
tube can have a comparatively small inner diameter (e.g. integrated in the electric cable). Especially for long-
term measurements, it is susceptible to blockage and risk of damage to the sensor by condensed water, remains
of insect activity etc. A moisture trap can be used to reduce this risk. Alternatively, differential pressure
measurements can be considered for atmospheric compensation.

5.4.5 The influence of the atmospheric pressure shall be considered. If influenced by the atmospheric
pressure, pore water pressure shall be evaluated taking into account the barometric efficiency and
reported as pressure relative to the atmospheric pressure.
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5.5

5.5.
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See Reference [11].
Requirements for filters

1 Filters in open piezometer systems

5.5.1.1 The filter of an open piezometer system shall consist of a filter pack around a perforated or
slotted section of pipe. The filter pack determines the intake zone of the piezometer and shall extend at
least half a meter above and half a meter below the perforated or slotted section.

5.5

1.2 The criteria of the filter pack are that it should consist of a uniformly graded granul

whilch is sufficiently coarse to allow water intake into or out of the piezometer and that.it sho

soil
by ¢

5.5

5.5
Thse
piez

5.5

inst
be f

5.5

NOT

particles entering the slotted or perforated section. The slotted or perforated section may
geotextile sleeve to avoid soil ingress.

2 Filters in closed piezometer systems

2.1 In the context of this standard, piezometers should be placed’in saturated ground
choice of the filter shall be made considering the characteristics of the ground, th

allation (see 6.1.3.1) and shall be placed in saturated«conditions. The reservoir of an LAE fi
illed with de-aired water, to avoid air entrapment iwthe inner chamber.

E1 Piezometers with HAE filters can measure suction, as long as they remain saturated. Wor|

be extended with means to re-saturate the piezometer (see Annex F).

NOTI
part
pieZ

5.5
Anr

5.5
avo

ly resaturate naturally when the ground is resaturated. This can lead to slower response time
ometer with the filter pointing.Upwards can delay desaturation of the piezometer in this case.

ex F shall be considered.

d air bubbles-entering and remaining in the filter tip.

hr material,
h1d prevent
be covered

conditions.
e expected

ometric pressure, the type of piezometer to be installed and the method of installation (s¢e Table 3).

2.2 A HAE filter tip and the corresponding reservoir shall be saturated with de-aired walter prior to

Iter should

2.3 In ground that can temporarily lose satitration, attention shall be given to the choicg of filter.

king life can

E2 LAE filters will not record representative pore water pressures in desaturated groupnd, but can

Placing the

2.4 When intended-to' measure negative pore water pressure (suction), the requiremenits stated in

2.5 When placed within a borehole and in a filter pack, the filter tip may be placed upsigle down, to

Table.3 — Requirements of filter type and saturation for closed piezometers in different

applications
Saturated soil or rock
Application Method of Need for
installation i
Type of filter saturation

Positive pore push-in LAE preferred
water pressures |, 5 borehole, LAE preferred

within a sealed

filter pack

in a borehole, LAE preferred

fully grouted

placed in fill HAE required

© IS0 2020 - All rights reserved
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Table 3 (continued)

Saturated soil or rock
Application Method of Need for
installation i
Type of filter saturation
negative pore pushinorina HAE required
water pressures |fully grouted
borehole
5.6 Measuring range and accuracy
The infornjation in Table 4 should be taken into consideration when selecting piezometers.
NOTE1 The measuring range and accuracy of piezometer systems depend, amongst other factors, on the
installation|method, the depth at which the piezometer is placed, the hydraulic pressure on the piezomfeter
(including juring installation), the atmospheric compensation, the hydrodynamic time lag anhd the applied
measuring dlevice.
NOTE2  {Vhen determining the piezometric level, the accuracy with which the-reference point (top of
piezometer pr ground level) and/or the level of the measuring device is determined, has-a significant impact
NOTE3  AnnexB provides an overview of the various piezometer types in some,geo-engineering applicatipns.
Tlable 4 — Types, common measuring ranges of piezonieter measuring devices
Type of Open system Closed system
Piezom¢ter
subtyﬂ)e manual automatic electric fibre optic pneumatic twin-tulle

hydrauli
common 0Omto30m 0 kPato 0 kPato 0 kPato 0 MPato 2 MPa| 0,06 MPa fo
measuring 100 kPa 100kPa 100 kPa 5 MPa
range 0MPato |0 MPato3MPa|0MPato3 MPa

3 MPa

common 0,01 m 02+0,5%FS[02+05%FS|02+05%FS| 05+1%FS 0,5 % FS
measuring
accuracy
6 Installation and measuring procedure
6.1 Installation
6.1.1 Geperal
6.1.1.1 The-nstallation of the pijezometer shall be according to the monitoring plan and shall be

described in a method statement.

6.1.1.2

when choosing the installation level and filter length.

In stratified ground, the variation of groundwater potential with depth shall be considered

6.1.1.3 The installation of piezometers shall not permanently affect the groundwater flow and quality.
Any hydraulic connections opened up between different layers during installation shall be closed
by means of suitable seals. The height of the seal and the seal material depend on the thickness and
permeability of the layer to be sealed. The seal shall be more than 1,0 m in length.

NOTE1 Itis good practice to extend the seal at least 2 m into a thick aquiclude. For aquicludes less than 2 m
thick it is good practice to extend the seal at least 0,5 m above and below the aquiclude.
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NOTE 3
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Swelling clay (e.g. pellets, beads, granules) or grout is commonly used for sealing.

capable to have enough swelling capacity in salt water.

NOTE 4

Most bentonite swelling clay will not swell completely in salt water. Only activated bentonite is

Grout is commonly placed by means of a tremie pipe, inserted in the annular space or an injection

device inserted in the casing. The sealing process proceeds from the bottom up over the grouted section.

6.1.1.4 Inrock, particular care shall be exercised when installing filter zones and seals.
NOTE In rock, water c1rcu1ates predomlnately in dlSCOI’ltlI’IUItleS and abrupt pressure changes can occur
bety

can
the

6.1
in a

6.1
incl

6.1
eac
one

6.1
zon

6.1

be substantially altered. It can be advisable to carry out water pressure tests in short sections,
hut-in pressure and the local permeability.

1.5 If the piezometer is to be installed in a borehole, drilling shall be carried out and d
ccordance with ISO 22475-1.

1.6 The diameter of the borehole shall be large enough to accommodate the piezomg
pding the filter pack and the seal.

1.7 When installing piezometers in boreholes, separate bafeholes should preferably b¢
h groundwater layer and for each piezometer. NeverthelesS, séveral piezometers may be

1.8 When installing a piezometer in a borehole @nd the borehole extends deeper than
E, a seal may also be required below the filter pack.

am@unt of the additive shall be documented!

NOT

6.1
floo
carl

6.1
and|

6.1

E Examples of additives are bentenite, polymers or even fresh water in salt water condition

1.10 Appropriate measures shall be taken to avoid any risk to the piezometer due to cont
ding, traffic or frost. Medsures to protect the installation during the observation peri
ied out.

1.11 The installation of the piezometer, including the position and elevation of the meas
the materials and’positions of filters and seals, shall be documented (see 8.1).

2 Installation of open piezometer systems

pbcumented

ter system

drilled for
nstalled in

borehole at different levels by applying state of the art m&thods and experienced installation staff.

the intake

1.9 When drilling for piezometers, additives should be avoided. If additives are used, the type and

172}

amination,
bd shall be

iring point

2,1 Open plezometers should be installed in boreholes In soft ground they may also

con

6.1

6.1

EXAMPLE

the

2.2

sideration shall be given to the disturbance of the ground

Joints of standpipes shall be watertight.

.2.3 Penetration of surface water into an open standpipe piezometer shall be prevented.

standpipe.

Seal around the top of the standpipe, raising the standpipe above the surface, vented cap on top of

6.1.2.4 Over the height of the seal, complete backfilling of the annulus between borehole wall and
standpipe shall be established.
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6.1.2.5 The gravel or sand of a filter pack shall be placed continuously in small quantities to avoid
bridging.

6.1.2.6 In Artesian situations and when, for whatever reason, the top of a standpipe is placed below
the ground surface, the pressure head might rise above the top of the standpipe. The top of the pipe may
then be equipped with a selectively permeable membrane to avoid a runoff of water from the pipe whilst

still allowing degassing of the system.

NOTE

Gore-Tex® is an example of a suitable selectively permeable membrane available commercially. This

information is given for the convenience of users of this document and does not constitute an endorsement by ISO

of this prod

1ct

6.1.2.7 V|
position. T

6.1.2.8 If
borehole, i
layers. The
be greater

EXAMPLE

dq

J

NOTE

Key
1
2
3

boreho

distanc|

Figurn

/hen pressure transducers are installed in an open system they shall be securely fixe
he diaphragm of the transducer shall be placed below the lowest piezometric level.

, irrespective of 6.1.1.7, more than one standpipe piezometer is to be installed in a si
shall be proven that the equipment and the procedure allow for correct measurements il
spacing between the standpipes and their distance from the borehole wall or casing sh

than 25 mm.

A maximum of three standpipes of @ 50 mm placed in a @178 mm(borehole (see Reference [7]

ee Figure 7.

e wall or casing

standpipe

e > 25 mm

e 7 — Permissible geometric configuration for three open standpipe piezometers
in a single borehole (cross section)

1 in

ngle
n all
uld

6.1.2.9

In order to ensure filter stability, the thickness and gradation of the filter pack shall be designed

as a function of the gradation of the surrounding ground and the purpose of the measurements. The
openings of the perforated section of the standpipe shall be chosen as a function of the filter pack.

NOTE

clogging the filter.

Filter packs are commonly used in open systems to prevent soil particles from entering the filter and

6.1.2.10 The top of the piezometer standpipe may terminate above or below the ground level. Protective
measures shall be taken to avoid damage to and water ingress in the piezometer (see Annex C).

22
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3 Installation of closed piezometer systems

6.1.3.1 Prior to and during the installation, the filter shall be saturated and the instrument shall be
function checked.

NOTE 1

NOTE 2

Common de-airing methods are boiling or vacuum boiling.

The presence of gas or air in a piezometer adversely affects the measurement of pore water pressure.

6.1.3.2 Any contamination of the filter and insufficient saturation during storage and transportation

1l dad
o adavuliuCTu.

sha

EXA

6.1
bety
usiy
inst
may

NO1
0,5
pra

NOTI

MPLE Contamination by oily or greasy substances; touching with bare fingers.

3.3 When selecting the installation method, consideration shall be given toenSure a gd
veen the measuring device and the ground. Closed piezometers may be ifistalled in bc
g a filter pack and a seal, or by using the fully grouted method. When using:the fully grout
allation shall be done in accordance with Annex E. In sufficiently soft ground, closed p
r also be installed by pushing, driving down or pushing after pre-drilling.

E1 Ifitisintended to install a push-in piezometer after pre-drilling; pre-drilling is commonly
m above the installation depth, depending on the soil type. At least a'1 m thick seal above the f
tice.

E2  When driving down the piezometer to installation depth it is not good practice to use s

systlems in soft soils.

NO1
pos

6.1

E3  Twin-tube hydraulic piezometers are usuallyinstalled in trenches. Installation in borehol
ibilities of measuring negative pore water pressufes (see Annex F).

3.4 If, irrespective of 6.1.1.7, more tltan one piezometer is to be installed in a singl

multi-level piezometer systems or the fully grouted method (see Annex E) should be consic

inst

6.1

NO1
the

6.1

allation option because it simplifies.the installation procedure significantly.

3.5 When applying the fullyrgrouted method, the borehole diameter shall be as small as

E Larger borehole diameters imply longer flow paths from the intake zone to the measurin
nverse) and thus an increase of the response time of the piezometer.

3.6 When instdlling piezometers by pushing them into the ground, piezometers shall

whi

h have purpose-made push-in tips fitted beneath the filter.

6.1{3.7 Thestring of extension pipes, which is commonly used for the installation of push-in p
may bedeftiin the ground to act as a seal. In case the string is retracted, the developing cavity sh
with aslurry which, after setting, should have a lower permeability than the surrounding soil.

od contact
reholes by
ed method,
iezometers

terminated
Iter is good

nic drilling

bs limits the

b borehole,
ered as an

possible.

g device (or

be selected

ezometers,
all be filled

NOTE 1

can

NOTE 2

If it is intended to reuse a push-in piezometer (e.g. after short-term measuring operation
be left in the ground until the entire piezometer is subsequently retracted.

s), the pipes

When recovering the push-in rods prior to the measurements, the slurry for filling up the developing

cavity is commonly fed through the push-in rods. The bottom part of the string (e.g. a pipe of 1 m length) is often
left in the ground as an additional sealing element.

NOTE 3

An adaptor between the push-in piezometer and the push-in rods avoids heave of the filte

r tip.

6.1.3.8 For push-in piezometers in low-permeable soils, pushing can generate considerable local
excess pore water pressure. It shall be ensured that the measuring device is not being damaged due to
overloading, by checking the measurements during installation (ideally continuously).
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NOTE1 Excess pore water pressure during pushing can be reduced by lowering the rate of pushing.

NOTE 2  Overloading of the pressure transducer can also be avoided by using a transducer which is inserted
after installation of the filter.

6.1.3.9 If, during the course of the monitoring project, gas might develop and become trapped in
the piezometer system (e.g. due to bacteria present in the ground or due to electrochemical effects), a
piezometer with a system for removing the gas shall be used.

EXAMPLE1 Use of a degassing tube or twin-tube hydraulic piezometer. In the latter case, it is possible to
calibrate the sensor after installation.

EXAMPLE 2  Use of a retrievable measuring system.

NOTE elf de-airing can be possible when installing a piezometer with an LAE filter facing upwards.

6.1.3.10 In twin-tube hydraulic systems, considerations shall be given and documented to protect{the
system agdinst frost and thermal variations. Tubes and filter shall be flushed forcgas bubbles before
connectinglthe readout device to the system.

6.1.3.11 Al pipes, tubes and cables in closed systems shall be protected from mechanical danjage
between the measuring point and the readout device, e.g. by routing,thHem in excavated and refilled
trenches.

6.1.4 Checks before, during and after installation
6.1.4.1 (eneral

6.1.4.1.1 |Before installation, the functionality of the\measuring device shall be checked by performing
the tests syggested by the manufacturer.

6.1.4.1.2 |Each instrument and the connector (if applicable), shall be indelibly marked. A recorg of
installatior] shall be prepared for each piezometer. The levels of filter pack, seal and backfill shall be
measured @and recorded during placement.

6.1.4.2 (hecking of open piezometer systems

6.1.4.2.1 |For an open standpipe piezometer, the standpipe shall be flushed with clear water dfter
installatior]. Flushing shallbe continued until the up-coming water is clear.

NOTE Using air £o'flush the piezometer by use of an air-lift system can lead to oxidation at the filter level
when the grjoundwater has a high iron content.

6.1.4.2.2 |The function of open standpipe piezometers shall be tested prior to commissioning, by raifing
or lowering the water level in the open standpipe. This shall be done after a stable water level is reached in
the piezometer. The functioning may be assessed by verifying (visually or by measuring the fall/rise rate)
that the water level in the piezometer changes and stabilizes in a time frame congruent with the instrument/
soil properties. The date and result of the function test shall be included in the installation report.

6.1.4.2.3 When performing long term measurements (>1 years), the function test for an open
piezometer shall be repeated every year.

NOTE In high permeable soils (sand and gravel), an open piezometer normally responds immediately and
returns within minutes to hours to the piezometric level at the installation depth. In less permeable soils (silt,
clay), this can take up to days or weeks. The time lag needs to be smaller than the time needed for changes in
piezometric level to take place.

24 © IS0 2020 - All rights reserved


https://standardsiso.com/api/?name=a4e26cc39de893b95de1346d2a25bf65

ISO 18674-4:2020(E)

6.1.4.3 Checking of closed piezometer systems

6.1.4.3.1 Measurements shall be carried out and the results recorded during and immediately after
installation.

NOTE Itis possible to check the sensor calibration at the site, either by making 3 manual measurements with
the sensor at different elevations in a water filled container or borehole, or precisely with a calibrated device
connected to the piezometer tip.

6.1.4.3.2 In pneumatic systems, the gas pressure shall be applied to the supply tube after installation
andrthre—stabitisatiomr process momnitoredumntitaconstant pressure s obtatmedat thespecified flow. The
profess should be repeated after releasing the air pressure in the supply tube for controlpufposes. The
pregsure should be plotted against time to check if the piezometer is functioning.

6.1/5 Maintenance

6.1/5.1 Function checks for open systems shall be performed according*to 6.1.4.2 and|for closed
systems according to 6.1.4.3. The results shall be compared with the earliey checks.

6.1/5.2 When clogging is suspected, open piezometers and hydraulic twin-tube piezometerg should be
flushed with clean water. For hydraulic twin-tube piezometers, the water should be de-aired.

6.1)5.3 If the results of the function checks of open piezometers differ considerably from|the earlier
chefks, the following measures shall be taken:

— | check that the standpipe is not blocked, to verifythat no sludge has accumulated in the Jtandpipe;
— |if sludge has accumulated, attempt to remo¥eé the sludge (e.g. by flushing);

— |verify that the piezometer has been fepaired succesfully by undertaking an additionpl function
check according to 6.1.4.2.

If the repair is not succesful, the piezometer results shall be ignored and the piezomefer may be
decpmmissioned.

6.2 Carrying out the measurement
6.2]1 Instrumentation check and calibration
6.2]1.1 For general function checks and calibrations, refer to ISO 18674-1:2015, 5.6.

6.211.2, \In open systems, only the measuring device can be calibrated. When a pressure transducer is
usefl/its'measurements shall be verified at least once a year. When a water level meter is used, it shall be

1' et ad Aoy oo
Ca lJluL\'M \'V\'l)’ )’\'ul-

NOTE Verification of pressure transducers can be done by manual measurements or calibration checks of
the pressure sensor. When making manual measurements, ideally the manual measurement is made without or
before removing the pressure transducer. In a small diameter borehole, this might not be possible. Depending on
the permeability of the soil, this might result in a deviation of the measured water level.

6.2.1.3 In open systems, the elevation of the top of the pipe should be checked when there is a risk of
variation of that elevation.

6.2.1.4 In closed systems, subsequent calibration checks are only possible with retrievable measuring
devices.
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6.2.2 Measurement

The measurements shall be carried out, for open piezometers in accordance with A.1.1 and for closed
piezometers in accordance with A.2.1, both in conjunction with the requirements of ISO 18674-1:2015,

Clause 7.

7 Data

processing and evaluation

7.1 Processing and evaluation of the measuring data shall be carried out, for open piezometers in

accordancesadth-A.1.2 and for closed piezometersin accordance with A2 2

7.2 The

shall be given in addition to the requirements of ISO 18674-1:2015, Clause 8:

— type of piezometer (open; closed) and sub-type according to 5.2.2 and 5.3.2;

— type of filter tip (LAE; HAE);

— type of measurements (manual; automatic): frequency of measurement/fsequency of logging
frequency of data communication.

EXAMPLE See Annex G.

7.3 When evaluating the measurements, installation effects\of the measuring system shall

considered
in; embedd
clogging arg

8 Repo

8.1 Inst

The install

8.2 Mon

The monit

26

led; see Table 2), flushing medium (change of watér density), excess pore water press
d leakage between aquifers.

r'ting

allation report

qtion report shall be in accordance with ISO 18674-1:2015, 9.1.
itoring report

ring report shall-be-in accordance with ISO 18674-1:2015, 9.2.

bvaluated results shall be presented in tables and/or graphics. A record of the following dlata

and

be

. Such effects can be associated with the installation method (traditional; fully grouted; pyish-

ure,
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Annex A
(normative)

Measuring and evaluation procedure

A.1l1 Measuring procedure

A1l

For

point and the water level in the standpipe shall be measured.

NOT
NOT
Thd
The

NOT
accy

The
EXA

A1l

For
inst

EXA
leve

The

Pre
med

TCOUTITCTTT

1.1 Manual measurement

manual measurements in open piezometer systems, the vertical distahice’ between th

E1 Thereference point is usually the top of the standpipe or the ground level.
E2 Commonly a water level meter is used for the measurement,

reference point shall be defined and documented.

repeatability of the measurement shall be better than/+5 mm.

E3  The accuracy by which the level of the referetice point is determined, has an important ¢
racy of the determined piezometric level.

possibility of changes in the level of the reference point shall be considered.

MPLE Settlement of the ground, dathage to, and replacement of, the top of the standpipe.

1.2 Automatic measurement

alled.

MPLE Pressureltransducer installed inside the standpipe at a level well below the deepest
| to be expected

level of the mieasuring device shall be maintained and documented.

ssure _transducer measurements should be carried out together with barometri
lsurements.

Manual measurements as per A.1.1.1 shall be considered to verify automatic measurements.

b reference

ffect on the

automatic measurements of open piezometer systems, an appropriate measuring device shall be

piezometric

[ pressure

NOTE 1

value, further analysis is needed to determine the reason for the deviation.

When the difference between manual readings and automatic measurements exceeds a predefined

NOTE 2  When executing a manual verification measurement, the water level is best measured before removing
the pressure transducer, as the removal of the pressure transducer can have an effect on the water level in the
standpipe. This effect increases for small diameter pipes.
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A.1.2 Evaluation procedure
A.1.2.1 Piezometriclevel

A.1.2.1.1 Manual measurement

The piezometric level z,, shall be determined according to Formula (A.1).

Zy = Zyy — 1

(A1)

where (se€]

Z., Is thelevel of the reference point at the top of the standpipe;

P

I is the measured vertical distance between the reference point and the water level inside the

Figure A.1)

stgandpipe.

28
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tp

P

Key]
I |measured distance between reference point and water level inside the standpipe
I, |suspension,length of the pressure transducer

o

Zpmp | @eometrit height of the measuring point
z,, |levelof the pressure transducer
VA piezometriclevel

w P

Figure A.1 — The evaluation procedure of an open piezometer system

A.1.2.1.2 Automatic measurement

When a pressure transducer is used, the piezometric level z, shall be determined according to

Formula (A.2).
Zy, =2, + pw/yw (A.2)

where
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Zp

is the level of the pressure transducer (see Figure A.1);

P, Iisthe water pressure measured by the pressure transducer;

Y. is the density of water.

The level of the pressure transducer z, shall be determined according to Formula (A.3).

Z

p = Ztp

_[p

1)

(A.3)

where (se

is

th

by

is
NOTE 1
measureme
of the mant
fluctuating
readings.

Depending
measured

q

J

NOTE 2

When the

It

A A

1 IE ul © ﬂ.LJ
Lhe level of the reference point at the top of the standpipe;

the suspension length of the pressure transducer.

is good practice to verify the suspension length of the pressure transducer I, by a ma
nt of the groundwater depth. Sometimes corrections to [, are applied after this-check. The accu

al measurement is important when interpreting this check. In situations"where the water ley
rapidly, it is also important to take into account the time difference betiweén manual and auton

on the type of pressure transducer, absolute pressure, gaugépressure or relative pressui
see 5.4).

ee Figure 6.

pressure transducer measures absolute pressure (i.e. when the pressure transduce

hual
Facy
Pl is
atic

eis

r is

hermetically sealed at vacuum pressure), the water pressure at the sensor p,, shall be determined

according 1

Pw = Dy
where

Pabs

Patm

When the
sealed at a

Formula (A
Pw = Pg

where

mbient air preSsure), the water pressure at the sensor p,, shall be determined accordin

o Formula (A.4).

bs ~ Patm

s the absolute pressure;
s the atmospheric pressiire in the proximity of the piezometer.

ressure transdueermeasures gauge pressure (i.e. when a pressure transducer is hermetig

.5).
h (patm 3 pref)

h.4)

ally

g to

\.5)

Patm

Pref

is the gauge pressure;
is the atmospheric pressure in the proximity of the piezometer;

is the ambient reference pressure at which the sensor was sealed.

When the pressure transducer measures relative pressure (i.e. when using a venting tube), the water
pressure p,, is measured directly by the pressure transducer.

30
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A.1.2.2 Pore water pressure and pressure head

The pore water pressure u at the location of the measuring point shall be determined according to

Formula (A.6):
U=Yy (Zw'Zmp)
where

Z

w is the piezometric level;

(A.6)

Zpp is the level of the measuring point;
Yw isthe density of the water.
The pressure head 1 shall be determined according to Formula (A.7).

W =U/Yy =2y~ Zmp

A.Z Closed piezometers

A.2l1 Measuring procedure

A.2|]1.1 Manual measurement
Manual measurements, although not common, can be'made by means of a portable read-out

For|closed hydraulic twin-tube piezometers, pféssure gauges can be used at a remote lo
Figlire 5) and their readings recorded manually. The measurements shall be adjusted for th
differences between the filter tip and the gauges.

A.2|]1.2 Automatic measurement

(A7)

unit.

Cation (see
e elevation

A specific measuring and logging'device shall be used, depending on the type of closed piezometer.

Prepsure transducer measurements should be carried out together with barometrig¢

megsurements. The measured values shall be corrected by the atmospheric pressure when 1

NOTE1 For relative“measurements, due to the risk of clogging of the venting tube, it is good
megsure atmospheric pressure at the ground surface to verify that the venting tube is still working.

NOTE 2  For ¢losed piezometer systems, the influence of atmospheric variation diminishes in the
theyefore sometimes not necessary or even wanted to compensate the measurement for atmospheric
is gdodpractice to measure with absolute pressure transducers and to measure the atmospheric pre

pressure
equired.

practice to
bround. It is

variation. It
ssure at the

grolind surface to verify this.

When temperature compensation is required, the measurement of the temperature should be made

close to the measuring device.

Measurements with pneumatic piezometers shall be performed by introducing gas pressu

re into the

supply tube and gradually increasing the gas pressure until the diaphragm valve in the piezometer is
displaced and gas is detected in the return tube. Two methods of measurement can be adopted:

1. The gas pressure in the supply tube is slowly reduced to a pre-defined, steady flow rate and the

corresponding supply pressure is recorded.

2. The gas supply is turned off and the gas in the supply tube is allowed to escape past the

diaphragm

valve until the water pressure equals the gas pressure and the diaphragm valve is closed by the

water pressure. The gas pressure in the supply tube is then recorded.
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A.2.2 Evaluation procedure

A221 P

ore water pressure and pressure head

When evaluating the readings of a closed piezometer with an electric pressure transducer it shall be
observed which type of pressure transducer was used in the measurements.

NOTE 1

NOTE 2

Transducers are available for absolute pressure, gauge pressure or relative pressure.

See 5.4 and Figure 6.

When the
hermetica

Formula (A

U= Pay,

where

—e

Pabs

q

Patm !

When the

hermeticallly sealed at ambient air pressure), the pore water pressure u may be be determined accorg

to Formula

U=Dg,
where

pga

q

Patm !

q

—n

Pref

When the pressure transducer fmmeasures relative pressure (i.e. when using a venting tube, or in cag

a pneumat
transducey

q

J

NOTE 3
The pressu

If applicab

J]pressure transducer measures absolute pressure (l.e. when the pressure transducg

4 the absolute pressure;

y sealed at vacuum pressure), the pore water pressure u may be determined accordin

.8).

~ Patm

the atmospheric pressure in the proximity of the piezometet.

pressure transducer measures gauge pressure (i.ef{/when a pressure transduce

(A.9)
B (patm - pref)

the gauge pressure;
the atmospheric pressure in the proximity of the piezometer;

the constant ambient reference pressure at which the sensor was sealed.

c piezometer), the.pore water pressure u is assumed to be measured directly by the presg

ee A.2.1.2, NOTE 2.

re head-y"above the measuring point shall be determined as u/y,,.

" is
ling

\.9)

e of
ure

hter

erthe evaluation shall include corrections for temperature changes. Changes of the w
H +idoc chonld bho concidarnd 10 ooy oo c

density an

IO C o STTo T Tt ot C o ST C T C oI rirrat rrrcor coos

A.2.2.2 Piezometric level

The piezometric level z, at the measuring point may be determined according to Formula (A.10).

Zy, =2,

32

Y=z, +ufly, (A

10)
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where

z,, is the elevation of the pressure transducer;

Y isthe pressure head;

u isthe pore water pressure, measured by the pressure transducer (see A.2.2.1);

Yw is the unit weight of water.

The elevation of the pressure transducer z, shall be determined during installation.
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Annex B
(informative)

Geo-engineering applications

The type of piezometer to be used depends on the type of ground, in particular its hydraulic conductivity,

the geo-engineering-applcation—and-the—installation—Table Bl provides—an—overview—efthe—varjous
piezometer types to be considered in some common geo-engineering applications. The classificatioh as
shown in Thable B.1 can assist in the instrument selection. In the case that a geo-engineering agplicafion
is not explicitly considered in Table B.1, the closest application can be considered for the selection.
Table|B.1 — Guide for the selection of piezometer types in geo-engineering-applications
Open piezometer Closed piezometer system
L. system
Application .
Open . . | Hydraulic
. Casagrande | Diaphragm ‘| Pneumatic .
standpipe twin-tupe
Ndte about automation: Manual or Essentially Essentlal.ly Essentially | Essentidlly
automatic| manual attematic manual manugl
Determination of
. . + + +/- + +
piezometric level
Follow up of piezometric level
variations, slow variations + 4 + + +
such as seasonal changes
In high Follow up of piezometric
ermeabld level variations, relatively N /- N /- v
P ; fast variations such as tidal
soils .
influence
(e.g. . _
k>10°m/s Follow up of piezometric
level variations, potential-
ly fast variations such as + +/- + +/- +/-
monitoring of work effects
or drainage
Piezometric level variation . /- N +/- +/-
due to pumping.fest

34
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Application

Open piezometer
system

Closed piezometer system

Open
standpipe

Casagrande

Diaphragm

Pneumatic

Hydraulic
twin-tube

Note about automation:

Manual or
automatic

Essentially
manual

Essentially
automatic

Essentially
manual

Essentially
manual

Determination of
piezometric level

+

+

+

pe

n low
‘meable
soils
p.g. k <
5m/s)

Determination of pore water
pressure

Follow up of pore water
pressure during consol-
idation, potentially slow
variations

Follow up of pore water
pressure variations, poten-
tially fast variations such as
work effects

Determination of suction due
to excavation

+/-

Dynamic variations in
pore water pressure

likely to be suitable

possibly suitable

likely to be unsuitable
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Annex C
(informative)

Protection of piezometers at the ground level

C.1 General

The top of|piezometer standpipes (open systems) and all pipes, cables and connections coming.oyt of
the piezomleter at the ground level need to be protected against damage of equipment and water infill.

C.2 Open systems

C.2.1 WHen the top of the standpipe is located above ground level, an example of a protection system
is given in|Figure C.1. In this case, all the on-site remaining cables and connéctions coming out of|the
standpipe are to be fixed correctly inside the protective casing.
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Typical dimensions in metres
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% | 3
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v E e | s ,4</ 6
1 | f 7
- Hi-a a
< | 8
x '
' |
= 1
(=)
' 1
NN
10
Key
1 [lockable cap (vented) 6  concrete
2 |sealing/spacers 7  protective casing
3 [|standpipe 8  protective layer
4 |anchor (optional) 9 annular space sealing
5 [concrete ring (optional) 10 borehole diameter
2 Alprotective layer can be requjred in sitations where freezing or shrink/swell phenomena occur.
Figure C.1 — Example of protection system of an open piezometer above ground |level
C.2]2 When thetop of the standpipe is located below ground level, an example of a protection system
is gfven in Figure C.2. In this case, all the on-site remaining cables and connections coming out of the
stanndpipe areto be fixed correctly inside the protection system below the traffic cap.
C.2]3C+The cover needs to be compatible with withstanding traffic.

C.2.4 Itneedsto be ensured that any surface water penetrating the box can drain away (e.g. by inserting
a drainage pipe in the concrete foundations).
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Typical dimensions in metres

< 12

;_

vi

™
T 3
;.
\1
z0,7
Key
1  lockablg cap (vented) 7 - (protective casing
2 sealingfspacers 8~ permeable antifreeze layer
3 brick 9 standpipe
4 anchor|(optional) 10 annular space sealing
5 concrete ring 11 borehole diameter
6  drainage within concrete (optional) 12 traffic cap
Figure C.2 — Example of protection system of an open piezometer below ground level

C.3 Cloged systenis
All pipes aphd cablés'eonnecting the piezometer and the readout device in closed groundwater systgms
need to be| protected against mechanical damage (e.g. in excavated trenches refilled with sand) and
water infill. Any extension pipes left in the ground until subsequent retraction of the piezometers need
to be clear-w&*ked—ea—&heﬁ&*rdﬁe—p*eﬁee@ed—a-gaﬁ%é&mage.—r]
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Annex D
(informative)

Response time for pore water pressure measurements

D.1 When measuring changes of the pore water pressure by means of a piezometer, the time span
betyveen a change of the pore water pressure in the ground and the associated change in the mdasurement
is called the hydrodynamic time lag or the response time of the piezometer. The respons€)timhe depends
primarily on the permeability of the ground, on the type and dimensions of the piezometer and on the
ratg of the pressure change occurring in the ground. In order to reduce the response time apd increase
the|sensitivity of the installation to rapid pressure changes, the volume of waterwhich must flow into
the|instrument to equalise the pressure should be reduced to a minimum whilst'‘the intake zpone should
be gs large as possible.

D.2| Figure D.1 shows approximate response times for various types.of piezometers and soils, installed
with the traditional method.
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0,0001 0,001 0,01 0,1 1 10 100 1000 X

Key
response time (days)

coefficient of permeability (m/s)
response time (min)

clay
silt
sanfd

BwWw N RN < X

grayel
__ _ _ diaphragm piezometer, laboratory conditions (see Reference [12])
fully grouted diaphragm piezometer (see Reference [13])

cloded hydraulic piezometer (Bishop)

clodedhydraulic piezometer (Bishop) with 300 m tubing

cas grnnﬂn g1 cm; filter ]nhgfh n,A m; g borehole 8 cm

open standpipe piezometer g 2,5 cm, filter length 2 m, g borehole 8 cm
___________ open standpipe piezometer g 2,5cm, filter length 1 m, g borehole 15 cm

open standpipe piezometer g 2,5 cm, filter length 1 m, g borehole 8 cm

open standpipe piezometer g 5 cm, filter length 1 m, g borehole 15 cm

NOTE This figure is based on References [12], [13], [14], [15] and [16].

Figure D.1 — Approximate response times for various types of piezometers in dependency of
the hydraulic conductivity of the ground
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D.3 In fully grouted installation (see Annex E), the response time depends on the permeability of the
grout, the permeability of the soil, the dimensions of the borehole and the type of piezometer, and varies
between a few seconds and several minutes.
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Annex E
(normative)

Fully grouted piezometer installation

E.1 For closed systems, a distinction should be made between the installation of the measuring device

in a sand g
measuring

NOTE i
[20] and [2]

E.2 The
permeabili

E.3 The
piezometer

NOTE1
of the grour
NOTE2

NOTE3 1

E.4 The\
into the su
NOTE 1 I

NOTE2Z2 4

E.5 The
permeabili

and to avoi
NOTE 1 ]
NOTE 2 |

NOTE3

Ly, viscosity and strength of the grout.

In soils with a high permeability thé viscosity of the grout is more important than the permeabili

It is considered best if the strength and the stiffness of the grout are similar to the surrounding gro

ocket with a bentonite (or grout) sealing (traditional installation) and the placement g
device in a fully grouted borehole (fully grouted installation).

xamples of the fully grouted installation method can be found in References [13], [16], [17],]18],

—

pbrout mix shall be designed before installation. The important variablesto consider are

brout shall act as a filter so as not to adversely affect the horizontal flow of water to
and as a seal so to prevent significant vertical flow along the/borehole.

'his can be achieved if permeability of the grout is no more thian 100 to 1 000 times the permeab
d (this includes grouts that are less permeable than the graund) (see References [17] and [22]).

Vhen the grout is less permeable than the ground, response time is increased.

'he permeability can decrease by orders of magnitude in the months after installation.

'rounding ground.

A marsh funnel can be used toameasure viscosity (see Reference [22]).

cement and the water, should be mixed first as the water / cement ratio determines
y (as well as the strength and stiffness of the mix). Bentonite shall be used to control viscq
excessive bleed;

'ypical grout mmixes are shown in Table E.1.

'hef'e exist many types of bentonites. The viscosity of the grout will depend on the quantity and 1

Fiscosity of the grout shall allow it to be pumped but avoid excessive penetration of the gf

the

Q].

the

ility

out

the
sity

ind.

ype

of bentonitd

which is used.

E.6 Cement without additives shall be used.

42

© IS0 2020 - All rights reserved


https://standardsiso.com/api/?name=a4e26cc39de893b95de1346d2a25bf65

ISO 18674-4:2020(E)

Table E.1 — Typical grout mixes (ratios in weight) and order of magnitude of hydraulic
conductivity and uniaxial compressive strength

Cement | Water | Bentonite Hyd{ﬁ%ica‘t:ozl;;d;:;;‘”ty q[“:; ;’]“t
1 6 1 ~5x108to1x 107 100
1 4 0,7 ~2x108to5x 108 200
1 2,5 0,4 ~10-8 700
1 2 0,36 ~10-° 1500

E.7| High air entry porous filters shall not be used with the fully grouted method unless therg is a means
of removing air from the piezometer.

E.8| The grout should be delivered to the bottom of the borehole, using a tremié pipe, whiich may be

moyed upwards as the grouting proceeds. The tremie nozzle shall be kept belpw the grout surface during
grofiting.

E.9] When using the fully grouted method, care should be taken to net overstress the trangducer, due

to grout weight and pumping pressure. This can be checked by making frequent measurements of the
pressure recorded by the transducer during installation.
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Annex F
(normative)

Measuring negative pore water pressure (soil suction)

F1

It should be realised that all kinds of electric (including vibrating wire) and fibre optic piezometers

have the pa
range that
piezometel

E2 To sy
the porous
piezometel

q

J

NOTE 1
measured b
therefore 1o

NOTE 2

suctions up
restrict bled
air bubbles.

F.3 Ifair

NOTE y;
resaturatin

F4 Tom
the same e

NOTE ]

Reference [$].

5t between the water in the piezometer and the water in the soil.

tential to measure negative pore water pressures (i.e. soil suctions). [tis only the measurenjent

is limited. It is not possible to measure negative pore water pressures with pneum
S.

ccessfully measure soil suctions all parts of the piezometer system (e.g. the/backfill mate
filter and the fluid reservoir) shall remain saturated at all times and(the water in
shall be in continuous contact with the water in the soil at all times.

and is not suitable for use as a backfill material when negative por€-water pressures are b

ecause it desaturates when very low values of negative pore pressure are applied and continui

ement grout mixed with a water/cement ratio between 0,57and 1,5 will remain saturated to
to 200 kPa. Small amounts of bentonite (up to 10 % by weight of the cement) are sometimes adde
d. The grout is pumped to the bottom of the borehole through a tremie hose to avoid the formatig

forms inside the piezometer it shall be removed*and saturation of the device shall be resto

\ir can be removed by flushing water into a flushable piezometer or by removing the piezometer
b it.

aximise the range of the measurements, the pressure measuring device should be locate
evation as the measuring point.

leasuring soil suctions greater than 100 kPa requires special measures and special equipment

atic

rial,
the

bing
Ly is

soil
dto
n of

red.

and

d at
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Annex G
(informative)

Measuring examples

G.1—General

NOTE Examples of the various types of piezometers and typical applications are presented-asfollows:

1. |Open (standpipe) piezometer (see G.2)

2. |Closed piezometer: diaphragm piezometer (VW sensor) (see G.3)

3. |Closed piezometer: pneumatic piezometer (see G.4).

Each example contains information that is typically included in~a report in accordance with

[SO|18674-1:2015, Clause 9.

G.Z Open standpipe piezometer

a |Owner of the project De Vlaamse Waterweg, Government of Flanders, Belgium.

b [Name and location of the project Design of measures to improve stability of an instable slope,
Dendeirmonde, Belgium.

¢ |Name of the company carrying Geotechnics Department, Government of Flandersg, Belgium.

out the monitoring project

d [Monitoring project Measurement of piezometric levels above and belqw of a
Tertiary clay layer.

e |Type of ground Compacted sand.

f |Instrumentation Double open standpipe piezometers in three boreloles (see
Figure G.1 for the location of the boreholes).

g [Installation Drilling of 168 mm @ Boreholes B6, B9 and B14. Infsertion of
two standpipes, @;,,., 57 mm, in each borehole. Lgngth of
the pipes varied between 7,5 m and 19,5 m, with a|perforat-
ed section of 2,0 m at their lower ends. The perforated sec-
tions are centrally installed in the borehole and syrrounded
by-a-3-m-hishsand-pecket—-~Abentoniteseal-ef4m'to 6 m is
placed between the two filters, and a bentonite seal of 1,5 m
height placed above the top of the highest filter pack.

h Commissioning of the monitoring After verification of the well functioning of the piezometers.

i

Measurements

© IS0 2020 - All rights reserved

Both manual and automatic measurements were performed
(see Figures G.2 and G.3). For the automatic measurements
retrievable absolute pressure transducers were used.
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j  Measuring uncertainty 0,35 kPa for the piezometer sensors. Overall accuracy of
water level estimated to be around 5 cm to 10 cm.

k  Principal results of the The measurements were used to optimize a groundwater
monitoring project flow model and to calculate the pore water pressure in and
underneath the Tertiary clay layer.

1  Assessment and evaluation Continuous logging and the verification of the automatic
measurements by occasional manual measurements substan-
tiated the understanding of the tidal influence onto the pore

nificantly to theoptimisation of the groundwater flow_@ del.

O

Figure G.1 — Location 6g¥e open standpipe piezometer boreholes B6, B9 and B14

N
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Figure G.2 — Open standpipe piezometer,P9 — Tidal influence: comparison between putomatic
and,manual measurements
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Figure G.3 — Open standpipe piezometer — Tidal influence: detail of Figure G.2
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