INTERNATIONAL ISO
STANDARD 22282-2

First edition
2012-06-01

Geotechnical investigation.and testing —
Geohydraulic testing —

Part 2:
Water permeability tests in a borehple
using open systems

Reconnaissance et essais géotechniques — Essais géohydfauliques —
Partie 2: Essais de perméabilité a I'eau dans un forage en tupe ouvert

— Reference number
= — ISO 22282-2:2012(E)

©180 2012


https://standardsiso.com/api/?name=8b80819dd00ea040aa195ea817c4cf4c

ISO 22282-2:2012(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=8b80819dd00ea040aa195ea817c4cf4c

ISO 22282-2:2012(E)

Contents

0T =T o RS
1 ST oY TS
2 Normative referenCesS ......... ...ttt
3 Terms, definitions and SymMbOIS ...
3.1 Terms and definitioNs.............cooii e
3.2 SYMDBIOIS ...ttt ettt ettt e ettt n s
4 B 353 L === 3
5 EQUIPMENT ...ttt nneen e (i s
6 TeSt ProCeAUIE ..ottt (e e
6.1 Preparation of a test section ... ) D
6.2 Conducting the test ...
7 Testresults ... S M
71 Constant flow rate test method ... C Y
7.2 Variable head test method ... AT
7.3 Constant head test method ... e
8 [T o o o =S
8.1 Field report ... ... DV s
8.2 =53 8 =T o o o O S ST
Annex A (informative) Example of record of measured values and testresults ..........................
Annex B (informative) Interpretation of test results.. S0 ..o
Bibliography ... e

© 1SO 2012 — All rights reserved


https://standardsiso.com/api/?name=8b80819dd00ea040aa195ea817c4cf4c

ISO 22282-2:2012(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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Geotechnical investigation and testing — Geohydraulic testing —

Part 2:
Water permeability tests in a borehole using open systems
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Scope

part of ISO 22282 specifies requirements for the determination of the local permeabilitylin soi
w and above groundwater level in an open hole by water permeability tests as part-of the g
stigation services according to EN 1997-1 and EN 1997-2.

Normative references

following referenced documents are indispensable for the application of this document
rences, only the edition cited applies. For undated references, thg Jatest edition of the reference
uding any amendments) applies.

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

14689-1, Geotechnical investigation and testing*<- Identification and classification of roch
tification and description

22282-1: 2011, Geotechnical investigation.and testing — Geohydraulic testing — Part 1: Geng
1: Technical principles for execution

Terms, definitions and\symbols

Terms and definitions

the purposes of this document, the terms and definitions given in ISO 22475-1 and ISO 22282

Symbols

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

s and rocks
eotechnical

For dated
d document

— Part 1:

— Part 1:

ral rules

22475-1, Geotechnical investigation and-testing — Sampling methods and groundwater meastyirements —

-1 apply.
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Table 1 — Symbols

Symbol Designation Unit
Ac area of the inner cross-section of the casing m2
Ar area of the water surface in the reservoir m?2
D borehole diameter, diameter of the test section m
F shape factor m
h hydraulic head of the test m
h, ho, h3 applied hydraulic heads m
ho distance of the water level from the ground level m
Ah change in hydraulic head m
k permeability coefficient m/s
kfs field saturated permeability coefficient m/s
L length (height) of the test section m
0 flow rate m3/s
r radius -
S storage coefficient -
T transmissivity -
t time needed to reach the equilibrium s
t time S
fo time at start of test s
14 volume flow rate

4 Test grinciple

The test is| based on the assumption that thevtest section is isolated and located above or below

groundwatgr surface.

the

The results fcan vary depending on the testtype chosen (water withdrawal or injection) according to the purgose

of the test.

Three test methods are availablé:

a) Constdnt flow rate testmethod (suitable for k-value greater than 1076 m/s)

This test copsists of producing a change in hydraulic head in a section of a borehole by injecting or withdra
a constant flow ratexThe change in hydraulic head is measured against time.

b) Variable héad test method (suitable for k-value between 1076 m/s and 1079 m/s)

ving

This test consists of producing an instant change in hydraulic head in a section of a borehole. The change in
hydraulic head is measured against time.

c) Constant head test method (suitable for k-value between 10~4 m/s and 10~7 m/s)

This test consists of maintaining a constant hydraulic head in a section of a borehole. The flow rate is measured

against time.

5 Equipment

In addition to a casing or a piezometer, the following equipment is necessary:

a) water supply or plain rod for the falling head test;

© 1SO 2012 — All rights reserved
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b) pump or bail system for the rising head test;

c) device to determine the flow rate with an accuracy of 5 % of the measuring range for constant head and
constant flow;

d) device to maintain the flow rate for constant flow;

e) perforated tube and/or filter material (for filter criteria see ISO 22282-1);

f)  device to measure the water level in the casing or piezometer with an accuracy of 0,01 m;

g) atime measuring and/or recording device, reading in s.

All the equipment and measuring devices shall be calibrated according to their use, either periodically or before

they are used.

6 |[Test procedure

6.1| Preparation of a test section

6.1./1 General

The]test section shall be prepared in accordance with ISO 22282<1:52011, Annex A.

6.1.2 Preparation of a test section in non-stable soil and'rock below the groundwater surface

Drilling shall be executed with the use of a casing. Afterdrilling the test section and cleaning the bprehole, the

test|section shall be prepared according to one of these three alternatives (see Figure 1):

a) |A perforated tube that is closed by a perforated or closed disc at the bottom shall be installed [through the
casing tube in the test section [Figure 1:@)]. After that the casing tube shall be withdrawn by the length L
shortly above the upper end of the perforated section.

NOTE If the bottom of the borehalés cannot be cleaned, a full disc can be used at the bottom of th¢ tube. In this
case a specific shape factor is used (see 1ISO 22282-1).

b) |Before withdrawing the casing tube, an appropriate filter material shall be filled into the test sg¢ction. After
that the casing tube shall-be withdrawn up to the upper edge of the filter [Figure 1 b)].

c) |Open end test: thetest is performed at the bottom of the casing through the open section offdiameter D
[Figure 1 c)].

© 1SO 2012 — All rights reserved
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Figure 1 — Test section in noh=stable soil and rock

B Preparation of a test section in stable sojl-and rock

r drilling the test section and cleaning the porehole, the test section shall be prepared accordi
following alternatives (see Figure 2):

A packer is inflated above the testsection [Figure 2 a)]. A perforated tube can be used below

In a temporary open piezometer, a perforated tube shall be used in the test section. An appr
material shall fill the spacé between the tube and the borehole wall into the test section. A s
shall be installed above the filter pack [Figure 2 b)].

that the casing tube shall be withdrawn up to the upper edge of the test section [Figure 2 c)].

The same préparation as in c), but without filter material [Figure 2 d)].

ng to one of

the packer.

bpriate filter
ealing plug

Before withdrawing‘the casing tube, an appropriate filter material shall be filled into the test sgction. After
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Figure 2 — Example of test section in stable soil and rock
6.1.4 Preparation of the test section in unsaturated conditions
surement of permeability.in unsaturated soils is made by injecting water into the test section.
ng infiltration createdhy the permeability test, a field-saturated condition develops around the fest section.

Dur
Full
may

saturation does retoccur due to entrapped air remaining in the soil or provided by the injecte
reduce the permeability measured in the field.

Wh

n testing~uhsaturated coarse soils (typically gravels and sands), the flow of water is not

ellipsoidal assobserved below water table in homogeneous soils (Figure 3). The flow net is affecte
and|shall be described by specific equations such as those provided in B.5.

d fluid. This

spherical or
d by gravity
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a) Saturated conditions b) Unsaturated conditions
Figure 3 — Water flow in coarse soils

In low permgability soils (silts and clays) the effect of suction at the wetting frontcan affect the test results, particularly
if the initial 4aturation of the soil is low. In order to avoid or limit the effect.ef Suction, the soil around the test sedtion
should be pre-saturated prior to proper permeability measurement. This.phase creates a saturated bulb around the
test sectionwall. The equations used to compute the test data in saturated conditions may be used.

The duratioh of the saturation phase depends on the permeability of the soil in the test section (Figure 4).[The
total amount of infiltrated water during the saturation phase’shall be recorded.

1E-04

k(m/s)

1E-05

1E-06

1E-07

1E-09 h >
0,1 1 10 100 1 000 10 000
t(h)

Figure 4 — Recommended duration of saturation phase
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Conducting the test

6.2.1 General

All test methods can be executed as multi-step tests applying different hydraulic heads or flow rates.

6.2.2 Constant flow rate test method

The constant flow rate test method is generally suitable for k-values greater than 106 m/s.

Befare erﬁng the test the water level shall be measured in the annular space oQr mnaqllrin\ tube after

stahjilization.

A flpw rate shall be chosen which shall allow a variation of the water level in the tube of at(least 1

the

first minute in order to obtain a significant change in level between two measuring steps.

NOTE In a usual shape of the test section (e.g. D = 10 cm and L = 100 cm), a variatienf 10 cm with

100
with

Bef

a smaller flow rate (approximately 1 I/min), the permeability is less than 10-6 m/s.

bre beginning the test, the water level shall have reached the static water’level at rest.

The| defined flow rate shall be applied and maintained.

The|water level shall be measured at least every minute until 20 minthave elapsed and then at least

unti

The

whi

the end of the flow-phase.

th do not vary more than 1 cm or after 60 min.

D cm during

b flow rate of

/min corresponds to a range of permeability of approximately 10-3 m/s. If the boreholé is’emptied (respgctively filled)

every 5 min

test can be ended when the water level is stabilized indhe measuring tube, i.e. three consecutive measures

When the water flow is stopped, the recovery of thé water level shall be measured. The measurement shall
start a maximum of 30 s after the water flow stopped and shall be continued at least every following

the

6.2.

half time of the duration of the flow-phaseor until the initial water level has been reached.

B Variable head test method

Thel variable head test method jstgenerally suitable for k-values between 10-6 m/s and 10-9 m/s.

Bef

stahjilization.

The

medsurements of the'water level shall begin immediately from the start of the test.

The| measurément intervals shall be defined according to the range of permeability. The test ca
whgn 75 % 0f the water level recovery is obtained.

6.2.

#_-Constant head test method

minute until

pre starting the test, the\water level shall be measured in the annular space or measuring tube after

water level in theCborehole or measuring tube shall be changed by injecting or withdrawing water. The

h be ended

The constant head test method is generally suitable for -values between 10~4 m/s and 107 m/s.

Before starting the test, the water level shall be measured in the annular space or measuring tube after
stabilization.

The constant head test requires the supply or withdrawal of water. A constant hydraulic head increment
(injection or withdrawal) shall be applied to the test section. The amount of infiltrated or extracted water shall
be monitored against time until steady-state flow is obtained.

© 1SO 2012 — All rights reserved
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7 Testresults

7.1 Constant flow rate test method

The results of a constant flow rate test are the changes of hydraulic head versus time (Figure 5).

/
oo ,

Figure 5 — Example of test results of ‘a'constant flow rate test

7.2 Varigble head test method

The results|of a variable head test are the changés of hydraulic head versus time (Figure 6).

\.\

Figure 6 — Example of test results of a variable head test

10 © 1S0 2012 — All rights reserved
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7.3 Constant head test method

The results of a constant head test are the changes of volume or rate of water flow versus time (Figure 5).

~ A
I
(@, Wh, A //
z
A
A
®
=

Figure 7 — Example of test results of a constant-hiead test for different hydraulic hefads
(multi-step test)\(/i3 > /12 > /1)

8 |Reports

8.1| Field report

8.1.l General
At t?[e project site, a field reparf'shall be completed. This field report shall consist of the following, if applicable:
a) |[summary log according to ISO 22475-1;
b) |drilling record.according to ISO 22475-1;
c) |sampling-record according to ISO 22475-1;

d) [calibtation record according to ISO 22282-1;

e) |record of measured values and test results according o 8.1.2.

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

8.1.2 Record of measured values and test results
The record of measured values and test results shall contain the following data, if applicable (see Annex A).
a) General information:

1) name of the enterprise performing the test;

2) reference to this International Standard, e.g. ISO 22282-2:2012;

3) name of the client;

© 1S0O 2012 — All rights reserved 1
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4) name and number of project;

5) name and signature of the test operator.
b) Information on the location of the test:

1) date and number of test;

2) number of borehole;

3) place within or which is nearest;

4) pogition and elevation of borehole x, y, z;
C) Inform[tion on the used equipment:

1) inner and outer diameter of the casing and the filter tube;

2) type of filter;

3) isdlation device.
d) Information on the test procedure:

1) type of test with reference to this part of ISO 22282;

2) borehole inclination/orientation;

3) drilling method;

4) tegtresults;

5) medium depth of the test section;

6) length and diameter of the test section;

7) defails of any unusual event or observation during the test;

8) comments on observations or petformed checks of importance for the interpretation;
e) Additional information:

1) wdather conditions during-the test;

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

3) hyfrogeologicalconditions.

8.2 Testreport

The test repart‘shall include the following essential information:

a) the field report (in original and/or computerized form);

b) a graphical presentation of the test results and the recorded values of the hydraulic head or the flow rate
(or the volume) versus time, for every step of hydraulic head applied when relevant;

C) any corrections in the presented data;
d) any limitations of the data (e.g. irrelevant, insufficient, inaccurate and adverse test results);

e) name and signature of the responsible expert.

12 © 1S0 2012 — All rights reserved
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Example of record of measured values and test results

according to I1ISQ 22282-2

Water permeability tests in a borehole using open systems

Name of the enterprise

Name of the client

Nafe/No. of the project Location

Tegqt method Test No. Datée

Drilling method Static
hydraulic
head

Bogehole No. Position X Position Y Elevation

Tyge of filter Isolation Diameter of

device filter tube
Tedgt section Upper level Lower level Length
diameter
. Flow rate Hydraulic Head : Flow rate Hydraulic Head
Time ; Time ;
14 head changes Ah V head ¢hanges Ah

Remarks andradditional information

Nafrmeamd biglldlule ortie test Operdior

© 1SO 2012 — All rights reserved
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B.1

Annex B
(informative)

Interpretation of test results

General

The interpreg
can deviate
groundwatg
of k, as des

B.2 Co

The permeagbility coefficient shall be calculated according to Equation (B.1) when'steady state is reached:

Y

F-

k=

where

o T

S

The graph ¢
rate is appli

Radial flow
the data in

The data cq

h(t) = [

where 4 is the.€ross-section surface area of the measuring tube.

cribed in Reference [4], has to be adjusted.

hstant rate test method

tation of the tests includes the determination of the permeability coefficient & (in m/s). This coeffig
from the large scale k-value and may not be used for the dimensioning of significant lowering o
r level. In the close-up range of a limitation of an aquifer, the proposed equation for the Calcule

ed successively (see B.3).

is recognized if the data in plot di versus log(dt) form a straight line. Spherical flow is recogniz
blot dh versus 1/SQRT(ds) form a straight line.

llected during thétsansient phase may also be interpreted from the following equation:
D _dn) A (
S dt )kF

ient
the
tion

: (B.1)
he permeability coefficient;

he constant flow rate;

he shape factor calculated according to 1IS© 22282-1;

he stabilized hydraulic head at steady state.

f the various flow rates can be plotted as a function of the hydraulic head when more than one flow

bd if

B.2)

The data a
the static le

g plottedby computingthehydrautichead 7t versus a#far during - theflow Tate phaseamd
vel recovering phase (Figure B.1).

The curve obtained from the flow rate phase is a straight line passing through the following points:

(dhldt =

(dhldt =

This allows

14

0, h= Olk F)

OIS, h=0)

the calculation of %.
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Key

B.3

The

whe

Rad
if th

The
the

@
0 f i

Q dt
S

Clogging.

\Washing.

Figure B.1 — Plotting of hydraulic.head / versus dh/dt
Constant head test method
permeability coefficient & shall be calculated.@ccording to Equation (B.3):

k: Q

F-h
re
O is the steady state water flow rate;
F is the shape fagtoraccording to ISO 22282-1;
h is the hydraulic head of the test.

ial flow is resognized if the data in plot 1/q versus log(dz) form a straight line. Spherical flow is
b data inplot q versus 1/SQRT(d¢) form a straight line.

graph of the infiltrated or extracted water amount can be plotted as a function of the hydrauli
reiteration of the test with three different hydraulic heads 71, 2, and /3 (see Figure B.2). If the te

recognized

C head /4 by
st is carried

out correctly, the plotted pairs of data are located on a straight ine. It the 1ast points are located on an upwards
curved graph, it can mean that fine particles were washed out. If a clogging has occurred during the test, the

last

points are located on a downwards curved graph.

© 1SO 2012 — All rights reserved

15


https://standardsiso.com/api/?name=8b80819dd00ea040aa195ea817c4cf4c

ISO 22282-2:2012(E)

h hy h h
Key
@  Clogging.
b Washing

Figure B.2 — Infiltrated water amount depending on the'pressure difference

B.4 Variable head test method

B.4.1 Velocity graph method

By convention, the equation for open cased variable head borehole tests is:

h k-F(t—t
nl o ||k Fli=to) B.4)
h(t) N
where
ho and|i(r) are the hydraulic’heads measured respectively at the times 7, and ¢
S is the knewn actual internal cross-section of the liaison tube in which the measurement is
carried.out;
F is\the shape factor calculated according to ISO 22282-1.

The plotting ofdn[io/h(f)] versus elapsed time gives a straight line of slope a equal to £-F/S (Figure B.3).|k is
calculated difectly by Equation (B.5):

k=a-SIF (B.5)

16 © 1S0 2012 — All rights reserved
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Figure B.3 — Representation of the head variation /(z) as a function
of the elapsed time ¢ in ratio chart form

bme cases, the relationship between In[/o/A(¢)] and.(f-to) is not a straight line (Figure B.4). Itis n
the velocities dhldt, calculated on each measurement step dt, as a function of the average hyg
ation 4 during the time step dt (Figure B.5). Where the test points are aligned, the straight line in
is at a value /&gt corresponding to the corrective term on the estimation of the initial static level

corrected values of 4(z), designated /goe(t), are obtained by applying the following correction:
hcor’(t) = h(t)_hst

plotting of the corrected /¢orvalues as afunction of time gives a straight line which allows the char
e theoretical slope «. The-value of k is calculated as previously (Figure B.6).

ecessary to
raulic head
fercepts the

(B.6)

Acterization

© 1SO 2012 — All rights reserved
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Figure B.4 — Non-linear relationship between In[ip/h(7)] and the time
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Figure B.5 — Representation of the time-dependent head variation velocity
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B.42 Hvorslev method
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Figure B.6 — Representation of the time-dependent corrected hydraulic
head /i¢or(7), ratio chart

Hvorslev method can be applied only below thie’'water table. The following equation applies to

()

[ —v (A

2-L-t,
re
k is the coefficient of permeability (m/s);
r is the radius of the‘measuring tube (m);
R is the radius,of the test section (m);
L is the length of the test section (m);

to is'the time it takes for the water level to rise or fall to 37 percent of the initial change in hg

the data:

(B.7)

ad (s).

C paper, as

sho

data’ are plotted by computing the ratio i#/ho and plotting that versus time on semi-logarithm

Wit Figure BT

The previous equation is one of many formulas presented by Hvorslev for differing piezometer geometry and
aquifer conditions and can be applied for most piezometer designs where the length is typically quite a bit
greater than that of the radius of the well screen. For other conditions, the original publication should be
consulted (see Bibliography).
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Figure B.7 — Plot of //h, versus time according to Hvorslev method (1951)

poper-Bredehoeft-Papadopoulos method

This test mgthod describes the analytical procedure for analysing data collected during an instantaneous Head

test using 4
the well foll

Assumption
— The heg
— The wg
— Theflo

The integra
solution for

n overdamped well. The analytical procedure.consists of analysing the recovery of water levgl in
bwing the change in water level induced inthe well.

s of the solution of Cooper et al method:

ad change in the control well is instantaneous at time 7 = 0.
Il is of finite diameter and fullypenetrates the aquifer.

W in the nonleaky aquifer is radial.

| expression in the“selution given in Equation (B.8) cannot be evaluated analytically. A graphical
determination ef\fransmissivity and coefficient of storage can be made using a set of type cufves

as illustratefd in Figure B<8*

h= %w[[exp(—ﬁzﬂ/a)[J (urlr, )[uY (u)-2ay, (u)} — Y, (ur ! n )[uJ (u)-2ay. (u)]]/A(u):Hdu (BI8)
ju : o w o 1 o w o 1

where
o= 125 1,2 (8.9)
B =Tt/r;? (B.10)
Au) =[] () - 20074 () |* + ¥ () 20, (u) ] (B11)
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rw is the radius of the well;
re is the radius of the casing;

S is the storage coefficient.

Prepare a semi-logarithmic plot of a set of type curves of values of F(j,a), 4/ho, on the arithmetic scale, as a
function of g, on the logarithmic scale.

Prepare a semi-logarithmic plot of the same scale as that of the type-curve. Plot the water level data in the
control well, expressed as a fraction, //ho, on the arithmetic scale, versus time, ¢, on the logarithmic scale.

Ovdrlay the data plot on the set of type curve (Figure B.8) plots and, with the arithmetic axes coin
the Pata plot to match one curve or an interpolated curve of the type curve set. A match point.for/
picked from the two graphs.

Usi
folld

and

Per

wheg

g the coordinates of the match line, determine the transmissivity and storage’ coefficie
wing equations:

T=ﬁ7‘02/l

S=(xr62/rwz

meability coefficient is then calculated from:

k= T/L

re
T is the transmissivity;

L is the length of the test section.

cident, shift
L t,and ais

nt from the

(B.12)

(B.13)

(B.14)
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