INTERNATIONAL ISO
STANDARD 22282-6

First edition
2012-06-01

Geotechnical investigation.and testing —
Geohydraulic testing —

Part 6:
Water permeability tests in a borehple
using closed systems

Reconnaissance et essais géotechniques — Essais géohydfauliques —
Partie 6: Essais de perméabilité a I'eau dans un forage en tube fermé

— Reference number
= — ISO 22282-6:2012(E)

©180 2012


https://standardsiso.com/api/?name=e46389032e8bdb8bdffc947918c39bb3

ISO 22282-6:2012(E)

COPYRIGHT PROTECTED DOCUMENT

© 1S0 2012

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form or by any means,
electronic or mechanical, including photocopying and microfilm, without permission in writing from either ISO at the address below or ISO’s
member body in the country of the requester.

ISO copyright office

Case postale 56 « CH-1211 Geneva 20

Tel. + 412274901 11

Fax + 4122749 09 47

E-mail copyright@iso.org

Web www.iso.org
Published in Switzerland

ii © IS0 2012 — All rights reserved


https://standardsiso.com/api/?name=e46389032e8bdb8bdffc947918c39bb3

ISO 22282-6:2012(E)

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.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.
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ntion is drawn to the possibility that some of the elements of this document may;be the subjg
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22282-6 was prepared by the European Committee for Standardization {CEN) Technical
N\/TC 341, Geotechnical investigation and testing, in collaboration withCFechnical Committee |
technics, Subcommittee SC 1, Geotechnical investigation and testifig,in accordance with the
bchnical cooperation between ISO and CEN (Vienna Agreement).

22282 consists of the following parts, under the general titlevGeotechnical investigation an
hydraulic testing:

Part 1: General rules

Part 2: Water permeability tests in a borehole using open systems
Part 3: Water pressure tests in rock

Part 4: Pumping tests

Part 5: Infiltrometer tests

Part 6: Water permeability tests in a borehole using closed systems

main task of technical committees is to prepare International Standards. Draft InternationaL Standards
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Part 6:
Water permeability tests in a borehole using closed systems
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3.1

For

Scope

part of ISO 22282 specifies requirements for the determination of the local permeability
s below or above the groundwater table in a closed system by the water permeability’ tests as
echnical investigation services according to EN 1997-1 and EN 1997-2.

tests are used to determine the permeability coefficient k£ in low permeability soil and rock
m/s. It can also be used to determine the transmissivity 7'and the storage) coefficient S.

E The water pressure test in rock is covered by ISO 22282-3.

Normative references

following referenced documents are indispensable forrthe application of this document
Fences, only the edition cited applies. For undated refefences, the latest edition of the reference
uding any amendments) applies.

14688-1, Geotechnical investigation and testing — Identification and classification of soi
tification and description

14689-1, Geotechnical investigation~and testing — Identification and classification of roch
tification and description

1: Technical principles-for execution

Terms, definitions and symbols

Terms.and definitions

thepurposes of this document, the terms and definitions given in ISO 22282-1 apply.

22282-1, Geotechnical investigation and testing — Geohydraulic tests — Part 1: General rule$

n soils and
part of the

lower than

For dated
d document

— Part 1:

— Part 1:

p

22475-1, Geotechnical investigation and testing — Sampling method and groundwater meastrements —

3.2

For

Symbols

the purposes of this document, the symbols given in Table 1 apply.
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Table 1 — Symbols

Symbol Designation Unit
Capp apparent compressibility of the measurement device Pa~1
Cw compressibility of the water Pa~!
F shape factor —
g acceleration due to gravity m.s~2
h hydraulic head m
hst pre-test stabilized hydraulic head m
k permeabllity coefficient m.s=,'
k20 permeability coefficient at a temperature of 20 °C m.s

height of the cavity m
P pressure Pa
0 flow rate m3.s~1
re radius of the measurement cavity and of the borehole m
S storage coefficient —
transmissivity (7= k L) m2.s~1
t time S
v volume m3
Vw volume of water submitted to pressure pulse m3
Zg height of the middle of the cavity in relation to the natural lafd m
Zcapt height of the pressure sensor in relation to the natural land m
n dynamic viscosity of the water Pa.s
Pw density of the water kg.m™3
Ahg variation in initial hydraulic head m
AV variation in initial volume m3
Apo variation in initial pressure Pa
4 Equipment
The basic gquipment consists Ofthe following parts (see also the example in Figure 1):
— pump ¢r pressure source capable of injecting or removing water to the water-filled system to produge a
pressufe pulse in theltest interval;
— pipes;
— single ¢r,double packer;

— shut-off valve in the pipe above the test section;

— pressure measuring and recording device in test section;

— data acquisition system.

© 1SO 2012 — All rights reserved
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nflatable packer

packer inflation device

solating valve (bottom valve)

pressure and water témperature device

hydraulic delivery pipe

bressure and. water temperature indicating and recording device

water resefvoir

Hevice forapplication of pressure pulse and measurement of compressibility
0 prodnd'level

= ©O© 00 N O O b WON -

Figure 1 — Test equipment — Example

5 Test procedure

5.1 General

The principle of water permeability tests in a borehole using closed systems is based on an instantaneous
change of the hydraulic head in a test section. The dissipation of imposed head is recorded as a function of time.

According to Figure 1, a volume of water is pressurized on a test section of a borehole closed off by one or
more packers in order to determine dissipation of pressure with time.

© 1S0O 2012 — All rights reserved 3
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The test can be carried out in a borehole of any orientation and diameter. The test section may be located
above or below the groundwater level.

5.2

Installation of equipment

The test rod or tubing shall be installed into the borehole with the valve open.

The packer(s) shall be inflated or the sealing plug shall be installed.

5.3 Determination of the pre-test stabilized hydraulic head

5.3.1 Beld

Below grou
shall be cot

starting

closing

monito

Monitoring

5.3.2 Abo

In the case
before appl
of the test g

pw water table

hdwater table, an initial measurement of the initial hydraulic head in the soil or rock.tovbe te
ducted:

the recording system of the pressure in the test section;
the isolating valve;
[ing the pressure, until the state of equilibrium is reached.

shall be continued until the head variation A% is less than 10 %-of variation in initial head.

ve water table

ying the pressure pulse. This saturation results in"a*major reduction of the suction in the vic
ection.

The recommended value for the constant hydraulic head for this phase is approximately 1 m of water

respectto t
report. The

he ground level. The volume infiltrated during this phase shall be estimated and indicated in the
duration of the infiltration phase depends largely on the permeability of the soil. Table 1 indic

the minimuim duration of the saturation phase(forvarious permeability ranges.

Table 2 — Duration of saturation phase and permeability ranges

sted

of a test in initially unsaturated soil, the soil around’the test section shall be initially saturated

nity

Wwith
test
htes

Permeability coefficient k (m/s)

1,08 | 1,09 | 1,010
Duration of saturation phase (hours)
3 | 10 | 20

After the s

Turation phase, stabilized hydraulic head is determined according to 5.3.1.

5.3.3 App

With the isolating valve still in the closed position, the pressure variation shall be adjusted above the valve to
be produced within the test section.

The amplitude of the pressure pulse shall be limited in order to avoid all risks of hydraulic fracturing of the saoil
within the test section. The hydraulic head increment above ground level shall be less than 30 % of the depth
of the test section.

The pressure in the test section shall be measured and recorded every second.

The isolating valve shall be opened for 2 s to allow the pressure to apply in the whole system, and then it

shall be clo

sed.
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The variation in volume AV corresponding to the variation in pressure Apg of the fluid in the measurement
system and in the test section shall be recorded. The values of the compressibility parameters, AV and Apo,
shall be noted and used for the estimation of the compressibility of the whole system.

5.3.4 Measurement of the pressure change within the test section

The change in the excess pressure Ap(t) produced in the system until Ap(f)/Apo < 0,10 shall be recorded.

Before stopping the measurements, a second determination of the compressibility parameters shall be carried

out

as follows:

with the isolating valve still in the closed position, a new pressure variation Apg shall be adj
test section;

the isolating valve shall be opened for 2 s to allow the pressure to apply in the whole’system
shall be closed;

reading or recording;
the compressibility coefficient shall be calculated from the parameters determined before and 3

(see Clause 6).

Test results

Theltest results are:

71

7.1
Att
a)

b)

f)
g)
h)

the pressure as a function of time,

the variation of volume at application of the pressure pulse at the beginning and at the end of

Reports

Field report

I General

e project site, a fieldreport shall be completed. This field report shall consist of the following, i
summary log acgording to ISO 22475-1;

drilling record according to ISO 22475-1;

sampling record according to ISO 22475-1;

record of installation of wells and piezometers according to ISO 22475-1;

sted to the

and then it

the new variation in volume Al corresponding to the new variation in pressure shall be defermined by

fter the test

the test.

applicable:

record of identification and description of soil and rock according to ISO 14688-1 and ISO 14689-1;

installation record according to 7.1.2;
calibration record according to ISO 22282-1;

record of measured values and test results according to 7.1.3

All field investigations shall be reported such that third persons are able to check and understand the results.
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7.1.2 Installation record

The installation record shall be attached to the summary log and include the following essential information,
if applicable:

a) type of equipment;
b) packers (including inflation method);
C) pumps;

d) pressure sensors:

e) volumg measuring device;
f) dates gnd times of test;
g) groundwater levels;

h) name and signature of the test operator.

7.1.3 Recprds of measured values and test results

The record pf measured values and test results shall be attached to the summary log and include the folloying
essential information, if applicable (see also Annex A):

a) name gf the enterprise performing the test;
b) name ¢f the client;

c) testdaje;
d) name gnd number of project;

e) numbef of borehole;

f)  position and elevation of borehole;

g) diametgr of the casing;

h) drilling|method and drilling fluid used;

i) testdepth;

i) length pf the test segtion;

k) type of|test with<deference to this International Standard, i.e. ISO 22282-6;

I) weathgr canditions during the test;

m) elevatibr-otthe-packer(s);

n) groundwater surface;

0) duration of saturation phase when relevant;

p) stabilized hydraulic head Ao;

q) testpressure as a function of time;

r)  variation of volume and pressure for compressibility determination;
s) details of any unusual event or observation during the test;

t) comments on observations or performed checks of importance for the interpretation;

6 © 1S0 2012 — All rights reserved
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name and signature of the test operator.

7.2 Test report

The test report shall include the following essential information:

a)
b)

<)

the field report (in original and/or computerized form);
a graphical presentation of the test results;

quality evaluation of the test execution and test results for the intended purpose of any corrections in the

presented data,
any limitations of the data (e.g. irrelevant, insufficient, inaccurate and adverse test resulfs);

name and signature of the responsible expert.

© 1S0O 2012 — All rights reserved 7
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Annex A
(informative)

Example of the record of measured values and test results

Water permeability tests in a borehole using closed systems

according {0 1S0 22282.6

Name of the enterprise Date of test

Name and number of the

Name of the client .
project

Test methgd Name of the borehole

Climate condition during the Location of the project

test
: Position and elevation of the
Still grounglwater surface
borehole
Still pressure Diameter of the casing
Test depth Drilling method
Elevation ¢f the packer(s) Soil and rock:type

Length of fest section

Pressure and time caurse

Pressurd/ Time Pressure/ Time Pressure/ Time Pressure/ Timd
head head head head

Details of @ny unusual event or observation during the test

Commentg on observations)or performed checks of importance for the interpretation:

Name and|signature of the test operator

8 © 1S0 2012 — All rights reserved
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Annex B
(informative)

Interpretation of test results

Determination of compressibility coefficient

Cap

The
the

B.
m

The

The

whsg

is the apparent compressibility coefficient of the system obtained from:

AV 1 AV,
app:E.V_ namely Cypp -V =——

C =
w Apg

product of Capp.Vw is therefore measured directly, by determination of Ay and pf'the correspor
end of the last pressure pulse. It is this term which intervenes in the expression of « and S.

Determination of &, 7 and S with Cooper, Bredehoeft and Papadopulos
hod!3l[516]

following assumptions are made:
the aquifer has an apparently unlimited superficial extent;

the aquifer is homogeneous, isotropic (i.e. its permeability is the same for all directions), and
depth thickness;

the confined and/or free groundwater sutface is nearly horizontal;

the pressure pulse causes no deforniations in the ground or the test equipment;
Darcy’s law applies (laminar flow).

hydraulic head variation within the test section during the test is expressed by:

Ah(1) = Ah, -F (o, B)

re
Ahg iS'the head variation applied at the start of the test;

F (a;f) is given in the form of nomograms (Figures B.1 and B.2) or analytically.

with

2
o=3_. T T
Vi c* Pw &
B=Tt *”
Vw C pw g

© 1SO 2012 — All rights reserved
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B.3 Determination of Sand T

B.3.1

The best-fif]

Graphical method

Plot on a ratio chart the variation of Ai(f)/Aho as a function of the time ¢, at a scale similar to that of the
nomogram of Figure B.1;

superpose by horizontal translation (parallel to the axis of abscises), until a good concordance is obtained
between the test curve and one of the theoretical curves of the nomogram.

interpolating the values relative to two neighbouring curves. The value of S is then derived from this;

S=a

CVw Pw &

Tor

If the value|found for « is greater than 0,1, the nomogram of Figure B.2 should be used for which AA(z)/A
plotted as { function of the product af.

10

for the [previous best-fit, a couple of values (z, ) are noted, namely one value of ¢ on the test graph,

the co

transmijssivity T:

T =

F(a.p)

Ah(t)/ Ahyor AP(t)/ AP,

B W*Vw Pw &

curve allows the determination of «, either by taking the value corresponding to the curve;)q

> (

responding value of S on the theoretical graph. These two values allow the calculation of]

r by

B.4)

Lo IS

and
the

B.5)

t T
1 I B
X
S — i
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Figure B.1 — Curves of development of the variation in hydraulic
head within the cavity as a function of o and g, for « < 0,1
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Figure B.2 — Curves of development of the variation in hydraulic
head within the cavity as a function,of a, £, for 0,1 < o <10

B.3[2 Analytical method

B.3|2.1 General

The|function F («,p) is expressed by:

- 2
F(a,ﬂ):i_‘;‘.jo exp ( f;’ YL Au)] | du (B.6)
with
A(w) = [ o ()~ 2085() ] +[u¥o () - 207 (1) ] (B.7)
whegre

Jo, J1, Ypand Y4 are Bessel functions of order 0 and 1, respectively of the first and second type.

The] calculation requires a software programme proceeding:

— either by a semi-automatic adjustment, defining in an a priori manner pairs of values for 7 and S, and
comparing the calculated theoretical curve with the test curve, both plotted on the same graph; or

— by an entirely automatic adjustment. In this latter case, it should be ascertained that the values of both T
and S have a plausible physical signification taking into account the nature of the land.

The test report shall specify the references of the software (name, version and supplier). The user shall constitute
a validation dossier showing the accuracy of the calculations made compared to the analytical solution.

© 1S0O 2012 — Al rights reserved 1
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B.3.2.2 Calculation of the permeability coefficient

The permeability coefficient k is calculated from the transmissivity 7 derived from the interpretation of the test data:

k=T/IL

where L is t

he length of the test section.

B.4 Determination of & with the velocity graph method!“!

(B.8)

For interpretting the pulse test data, an alternative method may be used. The pulse corresponds to an inerg

ase
the
mall

B.9)

flow

10)

b11)

the

of hydrauliq head Ak and an increase of volume of water DV}, that becomes available for injection'into
packed-off [nterval. The volume DV, corresponds to the volume of water rising by A% inside an imaginary s
pipe of diameter D (radius r¢) such as:

DVy =W Siyj=Ahm d? |4 =Ahm rd (
The mass gonservation equation, at the interface between the soil and the packed-off.interval, relates the
into the soill (Osoil according Darcy’s law) to the flowrate in the pipe (Qinj).

Qinj = _Sinj (dh/dl) = QSO" = F k h (E
where

F is the shape factor of the injection zone;

Ah is the applied difference in hydraulic head;

Sinj is fhe internal cross-section of the injection pipe:

Integration pf Equation (B.10) yields the general equation of Hvorslev (1951):

In (h1 / l2) = —(kF / Sinj)(t1 —tz) = _k(F/Sinj)(t1 —12) (E
where /1 and hg are the differences in tetal heads at times #1 and 2 respectively.

The velocity graph method corrgspands to the graphical exploitation and becomes a straight line (Figure B.3).
It can indicate a piezometric errof Ao (Figure B.4). After correcting the %-values for the piezometric error
graph of In(f:-hg) becomes@a-straight line (Figure B.5).

12

© 1SO 2012 — All rights reserved


https://standardsiso.com/api/?name=e46389032e8bdb8bdffc947918c39bb3

