INTERNATIONAL ISO
STANDARD 10426-3

First edition
2003-08-15

Petroleum and natural gas industries —
Cements and materials for well
cementing —

Part 3:
Testing of deepwater well cement
formulations

Industries du pétrole‘et du gaz naturel — Ciments et matérigux pour la
cimentation des puits —

Partie 3: Essais de formulations de ciment pour puits en eau| profonde

—_— Reference number
=/ — ISO 10426-3:2003(E)

—_— © SO 2003


https://standardsiso.com/api/?name=ae1b1cf52190f4b61bc6e17426162234

ISO 10426-3:2003(E)

PDF disclaimer

This PDF file may contain embedded typefaces. In accordance with Adobe's licensing policy, this file may be printed or viewed but
shall not be edited unless the typefaces which are embedded are licensed to and installed on the computer performing the editing. In
downloading this file, parties accept therein the responsibility of not infringing Adobe's licensing policy. The ISO Central Secretariat
accepts no liability in this area.

Adobe is a trademark of Adobe Systems Incorporated.

Details of the software products used to create this PDF file can be found in the General Info relative to the file; the PDF-creation
parameters were optimized for printing. Every care has been taken to ensure that the file is suitable for use by ISO member bodies. In
the unlikely event that a problem relating to it is found, please inform the Central Secretariat at the address given below.

© 1S0 2003

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 +41 22749 09 47

E-mail copyright@iso.org

Web www.iso.org
Published in Switzerland

i © 1SO 2003 — All rights reserved


https://standardsiso.com/api/?name=ae1b1cf52190f4b61bc6e17426162234

ISO 10426-3:2003(E)

Contents Page
oY =21 o iv
0o Yo [0 e { o o TR \'
1 — Scope 1
2 NOrmative refErenCeS .......cccciiiiiiiiccccecrrrr s sssnr e s s s ssnnn s e e e s ssss s smnnnnenee s o ba e enennnsnnnnnnns 1
3 Terms and definitioNS ... s s s b n e e e 1
4 SAMPIING ceeeeiiiiii i sssne e e e s s s s mnn e e e e e s sa s s s nnnnneeeesansnnnnnnnes {opadensnnnnnessnsssdiannneereeranann 1
5 Preparation of SIUIMTY ... ssnr e e mnn e e e A Conmnnnn e e e s snsssanedeessnnsnsnnnnnns 2
5.1 Preparation of conventional cement SIUITY..........ooo i B e e e e 2
5.2 Preparation of speciality cement SIUITies........cccooriiiiicciir e e e 2
6 Strength tests for deepwater well cements.........ccccocciiinp St 2
6.1 General iNformation........ ... R e 2
6.2 Sampling Methods ... S - 2
6.3 Preparation of SIUMTY ... e b e e e e 2
6.4 Non-destructive Sonic teSting ... e e e 3
6.5 DeStruCtive teStiNg ......cueeeeeemeeeceecicecececeee e a i e n s s n e nnnnnn 4
6.6 Strength determination.........ccoooi e r e ss e e s s mnn e e e e s e e e e e e e s nann 6
7 Thickening-time tests for deepwater well cements...........cccccceriririccccssemri e b e 7
71 (€71 4 =1 - | o SO SURPRRRSRRPPRRN NSRRI 7
7.2 T2 10 0] o1 1T T [ SRS SRRPPRR PPN NSRRI 7
7.3 Preparation of SIUITY ... ss e e s s mnn e e e e e s s s s mnn e e e e e s sesssane deessensnsnnnnnns 7
7.4 N o o 2= T - 1 0PN 7
7.5 I A ] e Y=Y [N Y IS SURPRPRTRPRPRRt 7
8 Static or stirred fluid-10Ss teSti...........i e s 8
8.1 N o o 2= T = 10 N T 8
8.2 T T 1] ] 11 T e ER 8
8.3 Preparation of SIUMMY ... s 8
8.4 ConditioNing ProCRAUIES .......ociiiiccciecriiie s s s sssne s e s e s s s s ssnme e e e e s esss s s snmnnneenessdensennennssanann 8
9 Deepwater well-simulation free fluid and slurry stability tests..........cccccvvimriiiiiiiccccccccc e 9
9.1 L7141 o | S SRPPPRSRRPPRN NSRRI 9
9.2 R T o] 11 T A 9
9.3 ST [T VA =] o X 1 1T ) o O PSS SPRPPPSSRRN NSO 9
9.4 QLIS ] e T = L1 RN NSRRI 9
10 Determination of rheological properties and gel strength using a rotational viscometer.......... 10
10.1 (1Y 7= - | R 10
10. 22— SampPlNMy T T T T T T T T T T T T T T T T e e e 10
10.3  Preparation of SIUITY ... ——— 10
L0 S £ Vo T o T - 111 T 10
0T o o Yo =Y 1T 10
1 Compatibility of wellbore fluids........ccccoiiiic e e e s 11
1.1 €Y 4 1T - PSSR 1
11.2  Preparation of test flUids........cccceiiiiicccirir e e 1
I T o o oY= o Yo 1= =Y 41T = 1 o 1
[ =1 0] [T'e T T - ] 3 )7/ 13
© IS0 2003 — All rights reserved iii


https://standardsiso.com/api/?name=ae1b1cf52190f4b61bc6e17426162234

ISO 10426-3:2003(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-governmentar, 1 _laison with 1SU, also take part In the WOork. 1SO collaborates closely with] the
Internationgl Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

Internationgl Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Rart’2.
The main thsk of technical committees is to prepare International Standards. Draft International Standards
adopted byl the technical committees are circulated to the member bodies for voting:“Publication ag an
Internationgl Standard requires approval by at least 75 % of the member bodies casting'a vote.

Attention is|drawn to the possibility that some of the elements of this document miay be the subject of pgtent
rights. ISO ghall not be held responsible for identifying any or all such patent rights.

ISO 104263 was prepared by Technical Committee ISO/TC 67, Materials, equipment and offshore structiires
for petroleum, petrochemical and natural gas industries, Subcommittee{SC 3, Drilling and completion fljids,
and well cenents.

ISO 10426 |consists of the following parts, under the generalditle Petroleum and natural gas industriels —
Cements and materials for well cementing:

— Part 1:(Specification

— Part 2:|Testing of well cements

— Part 3:|Testing of deepwater well cement formulations

— Part 4:|Preparation and testing of. foamed cement slurries at atmospheric pressure

The following part is under preparation:

U

— Part 5:|Determination of\shrinkage and expansion of well cement formulations at atmospheric pressur

iv © ISO 2003 — All rights reserved
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The test methods contained in this part of ISO 10426, though generally based on ISO 10426-2, take into
account the specialized sampling/testing requirements and unique downhole temperature profiles found in
deepwater wells. ISO 10426-2 contains no applicable well simulation schedules for deepwater cementing

ope

In

Thegse factors include: water depth, mud-line temperature, geothermal gradient, the presence_ or a
drilling riser, drilling fluid temperature, ocean current velocity, presence of thermoclines (layefs of ¢
sepprated by temperature), ambient sea-surface temperature, cement mix-water temperature, &
temperature, cement mixing rate, cement heat of hydration, displacement rate, prior’ circulating
evet history, drill pipe size and mass, casing size and mass, and hole size.
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In this part of IS©)10426, where practical, United States customary (USC) units are included in

for i

rations.

deepwater cementing environment, a number of factors impact the thermal history of the~ce

n the number of variables impacting the thermal history of a cement_formulation during pla
hg, and the interdependence of many of those variables, the user is\directed to employ nuni
sfer simulation or actual field measurement to determine the test temperature
perature/pressure schedule for the test methods contained in¢this part of 1ISO 10426. In th
ng of the cement formulation can reflect as closely as possiblé the actual temperature profile f
cementing operations.

nerical modelling may be used to determine the relative magnitude of the input variables sg
y” and “less likely” scenarios of temperature history«Can be assessed. The values of some inp
not be known precisely and a range of possible\values should be employed. Physical labora
then be conducted at “most likely” conditionsywith some additional testing at “less likely” ¢
rmine the sensitivity to well conditions. Sound*engineering judgement can then be applied to

D.

be used in those circumstances where low seafloor temperatures are found at shallow water @
cements that can be used in*deepwater well cementing can include those of ISO Classes A

given in 1SO 10426-1111), high-alumina cement, appropriate foamed cements, various type
ent compositions, etc(In each deepwater well cementing operation, the cement chosen needs

hformation.

ment slurry.
bsence of a
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se procedures serve not only for thé.testing of well cements under deepwater well conditiops, but may
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Samples of the'\neat cement or cement blend, solid and liquid additives, and mixing water are req

asl

sting of deepwater well cement formulations

Scope

part of ISO 10426 provides procedures for testing well cements and. cement blends for
pleum and natural gas industries in a deepwater environment.

Normative references

following referenced documents are indispensable for.the application of this document
rences, only the edition cited applies. For undated “references, the latest edition of the
iment (including any amendments) applies.

10426-2:2003, Petroleum and natural gas industries — Cements and materials for well ¢
2: Testing of well cements

M C 109, Standard test method for compressive strength of hydraulic cement mortars

Terms and definitions

the purposes of this part Of ISO 10426, the terms and definitions given in ISO 10426-2 apply.

Sampling

Iirry in aecordance with this part of ISO 10426. Accordingly, the best available sampling technd

at the well site. Additionally, the temperature of the mix water, cement or cement blends should b

be ¢mployed to ensure the laboratory test conditions and materials match as closely as possible
j D o] g temperature with an accuracy of + 2

withl_ a-thermocouple or thermometer capable of measurin

use in the

For dated
referenced

bmenting —

Lired to test
logy should
hose found
e measured

°C (+ 3 °F).

These temperatures should be recorded. Temperature-measuring devices shall be calibrated (in the case of a

ther

mocouple) or checked (in the case of a thermometer) annually.

NOTE Some commonly used sampling devices and techniques can be found in ISO 10426-2.
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5 Preparation of slurry

5.1

Preparation of conventional cement slurry

Prepare the test samples in accordance with Clause 5 of 1ISO 10426-2:2003. The laboratory temperature of
the cement sample, additives, and mix water should be within + 2 °C (+ 3 °F) of the respective temperature
anticipated at the well site. The temperature of the mixing container should approximate that of the mix water
being used in the slurry design. The mixing device shall be calibrated annually to a tolerance of + 200 r/min at

4 000 r/min rotational speed and + 500 r/min at 12 000 r/min rotational speed.

If larger slupry vorurr

ISO 10426-2:2003.

NOTE he density of the cement slurry can be determined by methods found in Clause 6 of ISO 10426-2:2003.
5.2 Preparation of speciality cement slurries

Cementing pperations in deepwater environments may require the use of speciality cements, including foa
cement or rhicrosphere-containing cement formulations. The preparation and testing of‘these speciality cer]

formulations
service prov

should be undertaken using the best available methods or methods mutually agreed upon by
ider and the end user.

6 Strength tests for deepwater well cements

6.1 Gengral information

The strength development of cement used in a deepwater,cementation can be influenced by many fac
including heat of hydration, casing/wellbore size, final slurry location (annulus or shoe track), and initial s
temperaturg. Given the number of variables contributing to the rate of strength development in a deepw
well, the tgmperature and pressure schedule should be determined by means of numerical heat tran
simulation ¢r by field measurement from an offset-well(s). In this way, the test schedule can reflect as cloj

as possible|the actual temperature and pressure profiles found after placement.

The preferred method for determining the strength of deepwater cement is by means of a non-destrug
sonic test method. Non-destructive sonic testing of a cement slurry may be conducted by methods providg
Clause 8 of I1ISO 10426-2:2003. Speciality cement systems, as described in 5.2, may employ destrug
testing to d¢termine compressive-strength.

The energy
typically fou
mass effec
conduct thq
initial stren
exotherm.

produced by hydrating cement generates a considerable amount of heat. In a large ann
nd in the top-hole section of a deepwater well, it is expected that the hydration exotherm (the
) may raise'the temperature within the annulus significantly. As such, a general guideline

strength~test at a low curing temperature for only as long as the cement remains unset.
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Tth of'\345 kPa (50 psi) is reached, the curing temperature may be raised to reflect the hydrag

6.2 Sampling methods

The sampling methods for strength testing are provided in Clause 4.

6.3 Preparation of slurry

The slurry shall be prepared in accordance with Clause 5.
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6.4 Non-destructive sonic testing

6.4.1 Apparatus for non-destructive testing
CAUTION — Care should be exercised to ensure that excess condensation caused by chilling the test
apparatus does not cause electrical or other damage, which may create safety hazards.

The apparatus transmits a sonic signal through the cement, which can be correlated to cement properties
such as the time and extent of strength development. In order to simulate conditions common to deepwater
cementing, the apparatus shall possess sufficient cooling capacity to perform strength testing at temperatures
anti

ﬂipnfnd inthe wellhore

can inhibit
Free fluid is
urry should

Exc
con
dete
reflq

essive free fluid can impair the accuracy of the non-destructive sonic test. Free fluid in a-slurr
act with the top cell cover and affect the sonic signal being transmitted through the cement.

rmined according to the method provided in Clause 9. The test initiation temperatureJof the s
ct as closely as possible the temperature conditions found during the field mixing-operation.

6.4.
app)

1.1 Curing cell, in which the slurry temperature and pressure can be“eontrolled acco
ropriate schedule.

ding to the

A plessure vessel suitable for curing samples at a test temperature anticipated on the well and capable of
maiptaining pressure shall be used. As pressure is known to have an’effect on strength develppment, the
pregsure appropriate for the placement conditions should be used for testing. Do not exceed the pressure

limifations of the apparatus.

6.4./1.2 Temperature-measuring system, in accordance’with 8.2.1 of ISO 10426-2:2003.

6.4./1.3 Sonic signal-measuring system, in accordance with 8.2.2 of ISO 10426-2:2003.

6.4.2 Procedure

Opagrate the apparatus according to the magaufacturer's instructions. To better simulate the temperature profile
found in a deepwater well, ramp the curing cell temperature from surface mixing temperature to[the desired
test| temperature according to a specific schedule determined by thermal simulation. Alternativgly, chill the
curipg cell to the desired test temperature or below, before the slurry is placed into the curing cell. The slurry
may also be conditioned in accordance with 6.4.3 or 6.4.4.

The)
test
ram

6.4.

Afte
chill
coo

is terminated. Begin-recording the sonic data within 5 min after the application of pressure. T
b should simulate’the pressure conditions to which the cement shall be exposed during placem

3 Conditioning of consistometer for atmospheric pressure testing

r the slurry has been prepared, place it into an atmospheric consistometer slurry container th
ed to the desired test temperature. At user discretion, the temperature of the slurry containe
ing fluid within the atmospheric consistometer may be lower than the bottomhole test temperat

test period begins with the recording of sonic data and the application of pressure and continjyies until the

ne pressure
ent.

at has been
r and/or the
ure in order

to promote a more rapid cool-down. Place the cup into a chilled atmospheric consistometer and condition for
20 min. After 20 min, verify the temperature, remove the paddle from the cup and stir the slurry briskly with a
spatula to ensure a uniform slurry. If the cement slurry has not reached the desired test temperature, continue
conditioning until the desired test temperature has been reached. It is permissible for the sample to be further
conditioned for a period of time to simulate placement of the slurry into the well. Note the actual time to reach
the desired test temperature and time of further conditioning.

6.4.4 Conditioning of pressurized consistometer
After the slurry has been prepared, place it into a pressurized consistometer slurry container that has been

chilled to the desired test temperature. At user discretion, the temperature of the slurry container and/or the oil
within the pressurized consistometer may be lower than the bottomhole test temperature in order to promote a

© 1SO 2003 — Al rights reserved
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more rapid cool-down. Place the slurry container in the pressurized consistometer and ramp the sample to the
desired test temperature and pressure. Once the desired test temperature and pressure is reached, it is
permissible for the sample to be further conditioned for a period of time to simulate placement of the slurry in
the well. Before transferring the sample to the non-destructive apparatus, blot any oil that may have invaded
the pressurized consistometer slurry container during the conditioning period. Note the actual time to reach

the desired
6.5 Dest

6.5.1

The method

6.5.2 Pre

The slurry s

6.5.3 Con

After the sl
testing that
container 4
bottomhole
atmospheri
the paddle
has not reg
been reach
placement
further cond

6.5.4 Con

After the sl
chilled to th
within the p
more rapid
desired tes
permissible,
into the we
pressurized
desired test

6.5.5 App

6.5.5.1

test temperature and pressure and time of further conditioning.

ructive testing

Sampling methods

s provided in Clause 4 shall be used for obtaining samples for strength testing.

baration of slurry

hall be prepared in accordance with Clause 5.

ditioning of consistometer for atmospheric pressure testing

urry has been prepared, place it into a consistometer slurry container for atmospheric pres
has been chilled to the desired test temperature. At user discretion,) the temperature of the s
nd/or the cooling fluid within the atmospheric pressure consistometer may be lower than
test temperature in order to promote a more rapid cool-down. Place the cup into a ch
C pressure consistometer and condition for 20 min. After~20'min, verify the temperature, rem
rom the cup and stir the slurry briskly with a spatula to énsure a uniform slurry. If the cement s
ched the desired test temperature, continue conditiohing until the desired test temperature
ed. It is permissible for the sample to be further conditioned for a period of time to simd
bf the slurry into the well. Note the actual time to‘reach the desired test temperature and tim
itioning.

ditioning of pressurized consistometer

irry has been prepared, place it into a pressurized consistometer slurry container that has 4
e desired test temperature. At user discretion, the temperature of the slurry container and/or th
ressurized consistometer mayipe lower than the bottomhole test temperature in order to promdg
cool-down. Place the slurry'container in the pressurized consistometer and ramp the sample tg
I temperature and pressure. Once the desired test temperature and pressure is reached,
for the sample to be-further conditioned for a period of time that simulates placement of the s
|. Before placement.of the sample into the cube moulds, blot any oil that may have invaded
consistometerslurry container during the conditioning period. Note the actual time to reach
temperature‘and pressure and time of further conditioning.

aratus-and reagents for destructive testing

Cube moulds, in agreement with the principles defined in 7.4.1 of ISO 10426-2:2003.

sure
urry
the
lled
ove
urry
has
late
e of

een
E ol
te a
the
it is
urry
the
the

Moulds of other dimensions and geometries are permissible provided the dimensions or geometries are

reported.

NOTE

6.5.5.2

6.5.5.3

uld dimension or geometry.
Compressive strength-testing device, in accordance with 7.4.6 of ISO 10426-2:2003.

Base and cover plates, in accordance with 7.4.6 of ISO 10426-2:2003.

Compressive strengths determined with one mould dimension or geometry may not correspond to those using
a different mo

Base and cover plates for moulds with dimensions or geometries other than those defined in 7.4.6 of

ISO 10426-

2:2003 shall follow the principles defined in 7.4.6 of ISO 10426-2:2003.
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6.5.5.4 Puddling rod, in accordance with 7.4.6 of ISO 10426-2:2003.

6.5.5.5 Mould-sealing grease, in accordance with 7.4.7 of ISO 10426-2:2003.

6.5.5.6 Mould-release agent, in accordance with 7.4.8 of ISO 10426-2:2003.

6.5.5.7 Atmospheric pressure curing apparatus (bath), for curing cement samples (optional).

Because this test method does not simulate the actual downhole pressure conditions, the results obtained
from this method can vary from those of the ultrasonic or pressurized curing method. The apparatus (bath)
should be equipped with an agitator or circulating system. At temperatures above 0 °C (32 °F), water may be

use
to th
ser
con
ther
Sub
con
0°
ther
be

6.5.
abo

The
tem
tem
the

and

app
(+3
6.5.

6.5.

The)

6.5.

amination of the water and specimens by the cooling medium. A thermocoeuple, range —18 °
- to 220 °F) calibrated to an accuracy of + 1 °C (+ 2 °F) is preferred in-a non-pressurized a
mometer, scale range —18 °C to 104 °C (0 °F to 220 °F) calibrated to @n-accuracy of + 1 °C (
sed in a non-pressurized apparatus.

5.8 Pressurized curing apparatus, suitable for curing samples typically at a test tempg
ve —7 °C (20 °F) and capable of maintaining a pressure of atleast 20 700 kPa (3 000 psi).

apparatus shall be capable of cooling the samples*{o’the testing temperature and main
perature for the duration of the test. If glycol or mineral oil serve as the cooling medium f
peratures below 0 °C (32 °F), seal the test specimens in a container of water to avoid conta
glycol or mineral oil. If the slurry contains freeze-depressants; add to the container of water the
concentration of freeze depressant as usedin the slurry. The thermocouple in the pressu
aratus shall have a range of —18 °C to 204~C (0 °F to 400 °F) and be calibrated to an accura
°F).

b Procedure

.1  Curing schedule

temperature of the slurry 'should be cooled/heated on a schedule to simulate the conditions of

p.2 Preparation’of moulds

Codt the interiorfaces of the moulds and contact surfaces of the plates with a mould release

ass

bmbled_Mmoulds shall be watertight. The moulds may be pre-chilled before being filled with slu

for @ maoresrapid cool-down of the slurry to the desired test temperature.

6.5.6:

1 as the curing medium. The atmospheric pressure vessel (bath) shall be capable of cooling the samples
e desired temperature and maintaining this temperature for the duration of the test. If gly¢ol<of mineral oil
es as the cooling medium for curing at temperatures below 0 °C (32 °F), seal the test-spe¢imens in a
ainer of water to avoid contamination by the glycol or mineral oil. If the slurry contains{reeze-depressants,
the same type and concentration of freeze-depressant as used in the slurry may e added tp the water.
merge the sealed container in an atmospheric pressure apparatus (bath) in_such a way pgs to avoid

to 104 °C
paratus. A
t+ 2 °F) may

rature at or

taining that
br curing at
mination by
e same type
fized curing
cy of £ 2 °C

curing.

agent. The
rry to allow

2 [»] 4
4 T TAaCTeTITCTTt

After preparation and conditioning, pour the cement slurry into the moulds to one-half of the mould depth.
Puddle each sample approximately 30 times with a puddling rod after all chambers have received slurry. Stir
the remaining slurry by hand. Completely fill each sample mould with slurry and puddle as before. After the
chambers are completely filled and puddled, place the cover plate on top of the moulds. Visually verify that the
moulds are not leaking.

6.5.6.4  Curing in the atmospheric pressure vessel (bath)

After the moulds have been filled with cement slurry and covered with the top plate, immediately place them in

the atmospheric pressure curing vessel (or bath). To better simulate the temperature profile found in a
deepwater well, the curing temperature can be ramped from surface mixing temperature to the desired test

© 1SO 2003 — Al rights reserved
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temperature according to a specific schedule determined by thermal simulation. Alternatively, the moulds may
be placed in the atmospheric curing vessel (or bath) which has been pre-chilled at or slightly below the
desired test temperature. At user discretion, the temperature of the fluid in the curing vessel (bath) may be
raised from the original test temperature in order to simulate the effects of heating caused by the hydration
exotherm. Note the actual time and temperature schedule.

6.5.6.5

Curing in the pressurized vessel

After the moulds have been filled with cement slurry and covered with the top plate, immediately place them in
the pressurized curing vessel. To better simulate the temperature profile found in a deepwater well, the curing

temperatur

can be ramped from surface mixing temperature to the desired test temperature according

to a

specific sc
pressurized
pressure c(
pressure is
pressure lin
and tempe

hedule determined by thermal simulation. Alternatively, the moulds may be placed n
curing vessel, which has been pre-chilled to or slightly below the desired test temperature) A
nsistent with that anticipated during the actual cementing operation. (If the anticipated) down
greater than the operating pressure limit of the apparatus, hold the final pressure at the operd
nit). Do not exceed the operating pressure limits of the apparatus. Note the actualfime, pres
ature schedules. Within the pressure limitations of the apparatus, the pressure ramp sh

simulate the conditions under which the cement can be exposed during placement.

6.6 Strength determination

6.6.1 Gen
Upon comp

the vessel.
ASTM C 10

6.6.2 Pro

Use a com
greater ths
anticipated
17,9 kN/min

Report the
sectional 4
ASTM C 10
and tested

eral

Remove the cement samples from the moulds and immediately test the sample in accordance
9.

cedure

bressive strength-testing device. The rate-of loading for samples with an anticipated strengft
n 3,5MPa (500 psi) should be 71,7 kN/min + 7,2 kN/min (4 000 psi/min + 400 psi/min).
strengths of less than 3,5 MPa. (500 psi), the rate of loading for samples should
+ 1,8 kN/min (1 000 psi/min, £ 100 psi/min).

compressive strength as thewforce required to break the sample divided by the smallest cr
rea in contact with the-load-bearing plates of the compression tester. In accordance
9, average the compressive strength of all the acceptable test samples made from the same s
bt the same time. Report/'compressive strength to the nearest 0,1 MPa (10 psi).

Additional information to bereeorded includes

a) initial te

b) final ten

mperature,

nperature,

c)
d)
e)

f)

the
pply
hole
ting
sure
buld

etion of the test period, release the pressure gradually (if applicable) and remove the moulds from

with

h of
For
be

DSS-
with
urry

initial ptessure

final pressure
time to final temperature and pressure,

any other temperature and pressure variations to reflect cement placement and curing conditions.

The samples of cement should be visually inspected prior to testing. Discard any samples that have been
damaged during removal from the moulds or exhibit cracking or spalling.
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ISO 10426-

Thickening-time tests for deepwater well cements

General

3:2003(E)

The thickening-time test provides an indication of the length of time that a cement slurry will remain pumpable
in a well. The laboratory test conditions should represent, as closely as possible, the time, temperature and
pressure conditions to which a cement slurry will be exposed during placement in the well.

7.2

Sampling

The)

7.3

The

7.4

7.4.
with
well

Alte
In d
Ccoo

Cali
7.4.

Dur
anti
duri

Pro
The)
clas
vert
slur

As 1

the
in th

7.5

methods provided in Clause 4 shall be used for obtaining samples for thickening-time tests.

Preparation of slurry

cement slurry shall be prepared in accordance with Clause 5.

Apparatus
1 Pressurized consistometer, commonly incorporating a rotating-cylindrical slurry contain
a stationary paddle assembly, all enclosed in a pressure vessel capable of withstanding th
pressures.

rnatively, rotating paddle type consistometers as described in{fAnnex D of ISO 10426-2:2003 m
rder to simulate conditions common to deepwater cementing, the apparatus shall posses
ing capacity to perform thickening-time tests at temperatures below ambient.

brate pressurized consistometers in accordance with 9.3 of ISO 10426-2:2003.

P Temperature and pressure control devices.

ng the test, the conditions of pressurerand temperature placed on the cement slurry should
Cipated profiles found during the placement of the slurry. Record the temperatures and pres
ng the test.

jrammable devices shall be™used to control the test temperature and record the measured

temperature of the cement slurry shall be determined by the use of a Type J thermoco
sification, special) located in the centre of the slurry container. The tip of the thermocou
cally positioned between 44,5 mm (1,75 in) and 88,9 mm (3,50 in) above the inside of the
'y container.

here are many. models of consistometers having different dimensions, care should be taken to
thermocoalple used is compatible with the consistometer and the position of the tip of the ther
e correctilocation as specified above.

!

br equipped
e simulated

ay be used.
s sufficient

imulate the
sures found

barameters.
ple (ASTM
le shall be
pase of the

ensure that
mocouple is

Test procedures

7.51

Consistency

Slurry consistency shall be as defined and determined in accordance with 9.3.1 of ISO 10426-2:2003.

7.5.2 Operating instructions/assembling and filling the slurry container

Operating instructions, assembling and filling the slurry container shall comply with 9.4.1 and 9.4.2 of
ISO 10426-2:2003, except that the slurry container may be pre-chilled to or below the desired test
temperature to allow for a more rapid ramp-down of the slurry to the desired test temperature.

© 1SO 2003 — Al rights reserved


https://standardsiso.com/api/?name=ae1b1cf52190f4b61bc6e17426162234

ISO 10426-3:2003(E)

7.5.3 Initiation of test

Start the test within 5 min after slurry preparation. Place the slurry container on the drive table in the pressure
vessel, and start rotation of the slurry container. Secure the potentiometer mechanism so as to engage the
paddle shaft drive bar. When properly engaged, the paddle shaft should not be rotating. Finish filling the
vessel with oil and secure the head assembly. Insert the thermocouple through the hole in the head assembly
and partially tighten the threads. After the pressure vessel is completely filled with oil, tighten the threads of
the thermocouple. Record the initial temperature reading and slurry consistency in Bearden units of
consistency (B.).

ore closely replicate the temperature profile found during deepwater cementing operations, the

consistometer pressure vessel and oil may be pre-chilled.

In order to
pressurized

7.5.4 Thigkening time

The thickerling time is the time elapsed from the initial application of pressure to the time at'‘which the slurry

reaches a ¢
consistency
pressure/te

7.5.5 Sur

If batch mi
for a time p|
has been c
7.51. A pr

onsistency deemed sufficient to make it unpumpable, such as 70 B, or 100 B »Record the s
at which the thickening time was determined, the thickening time, the surface retention time
mperature schedules.

ace mixing of slurry

ing is used for the cementing operation, stir the slurry in an.atmospheric pressure consistom
eriod and temperature reflective of conditions expected at.the well site. Once the batch mix pg
bmpleted, transfer the slurry to a pressurized consistomgterand initiate the test in accordance
bssurized consistometer may be used to simulate the “batch mixing of the slurry, provided

urry
and

eter
riod
with
the

temperaturg of the cement slurry remains at the temperaturexanticipated at the time of mixing and thaf no

pressure is japplied during the simulated surface-mixing period.

8 Statiq or stirred fluid-loss test

8.1 Apparatus

8.1.1 Flujd-loss cell, equipped with asmeans of cooling.

8.2 Sampling

The methods provided in Clause 4 shall be used for obtaining samples for fluid-loss testing.

8.3 Preparation of'sturry

The cement slurry;shall be prepared in accordance with Clause 5.

8.4 Conditionit gt ocedtires

8.4.1 Conditioning of consistometer for atmospheric pressure testing

After the slurry has been prepared, place it into a consistometer slurry container for atmospheric pressure
testing that has been chilled to the desired test temperature. Place the cup into the chilled atmospheric
pressure consistometer and condition for 20 min. After 20 min, verify the temperature, remove the paddle from
the cup and stir the slurry briskly with a spatula to ensure a uniform slurry. If the cement slurry has not
reached the desired test temperature, continue conditioning until the desired test temperature has been
reached. Note the actual time to reach the desired test temperature. At user discretion, the temperature of the
slurry container and/or the fluid within the atmospheric pressure consistometer may be lower than the
bottomhole test temperature in order to promote a more rapid cool-down. Once the desired test temperature is
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reached, the sample may also be conditioned for a period of time that simulates the placement of the slurry in
the well.

8.4.2 Conditioning of pressurized consistometer

After the slurry has been prepared, place it into a pressurized consistometer slurry container that has been
chilled to the desired test temperature. Place the slurry container in the pressurized consistometer and ramp
the sample to the desired test temperature and pressure. If additional conditioning is desired, refer to 10.6.4 of
ISO 10426-2. At user discretion, the temperature of the slurry container and/or the oil within the pressurized
consistometer may be lower than the bottomhole test temperature in order to promote a more rapid cool-down.
Blot_any oil that may have invaded the pressurized consistometer slurry container during the conditioning
peripd.

8.4.3 Conditioning using stirred fluid-loss cell

Aftdr the slurry has been prepared, place it in a stirred fluid-loss cell and ramp ‘to the antigipated test
temperature. At user discretion, the temperature of the fluid-loss cell may be lowerthan the test ]‘emperature
in ofder to promote a more rapid cool-down. After conditioning in the stirred fluid=loss cell, the flliid-loss test
shall be performed in accordance with 10.7.2.1 through 10.7.2.9 of ISO 10426-2:2003.

8.4.4 Filling the fluid-loss cell

Aftdr removing the sample from the atmospheric pressure or pressurized consistometer, the sample shall be
plaged in a fluid-loss cell that has been chilled to the desired. test temperature. Fill the fluid-|loss cell as
spefified in 10.8 of ISO 10426-2:2003.

8.4.6 Fluid loss test

Thelfluid loss test shall be performed in accordance“with 10.9 of ISO 10426-2:2003.

9 |Deepwater well-simulation free fluid and slurry stability tests

9.1| General

Thel| purpose of this test is td_determine the static (quiescent) stability of a cement slurry. Further|information
congerning the purpose and)significance of this test may be found in Clause 15 of ISO 10426-2:2003.

9.2 Sampling

Thel methods provided in Clause 4 shall be used for obtaining samples for free fluid and slurry stabjlity testing.

9.3| Slurry preparation

Th s | 1 [T I ! | =
CCITITTIU SIUTTy oTldll VT prepalcuU it avLuruarivec Wil UidUustT J.

9.4 Test procedure

After the slurry has been prepared, place it into an atmospheric pressure consistometer slurry container that
has been chilled to the desired test temperature. Place the chilled slurry container into a chilled atmospheric
pressure consistometer and condition for 20 min. After 20 min, verify the temperature, remove the paddle from
the slurry container and stir the slurry briskly with a spatula to ensure a uniform slurry. If the cement slurry has
not reached the desired test temperature, continue conditioning until the desired test temperature has been
reached. Note the actual time to reach the desired test temperature. The temperature of the slurry container
and/or the fluid within the atmospheric consistometer may be lower than the bottomhole test temperature in
order to promote a more rapid cool-down. Alternatively, the sample may be placed in a pressurized
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consistometer and ramped to the desired test temperature and pressure. If additional conditioning is desired,
refer to 10.6.4 of I1SO 10426-2:2003. The temperature of the slurry container and/or the oil within the
pressurized consistometer may be lower than the desired test temperature in order to promote a more rapid
cool-down. Blot any oil that may have invaded the pressurized consistometer slurry container during the
conditioning period.

Once the slurry has been conditioned, conduct the free fluid test in accordance with 15.4.1 of
ISO 10426-2:2003. Test for sedimentation in accordance with 15.6 of ISO 10426-2:2003. Keep the graduated
glass cylinder or the sedimentation tube in a water bath or vessel, which is cooled to the desired test
temperature.

10 Determination of rheological properties and gel strength using a rotational
viscometer

10.1 Gene¢ral

The purpose of this procedure is to determine the rheological and gel strength behaviour of cement slufries

The methogs provided in Clause 4 shall be used for obtaining samplesf‘eement used in rheological and gel
strength tegting.

10.3 Preplaration of slurry

The cement slurry shall be prepared according to Clause.5:

10.4 Apparatus

The apparafus used shall be in accordance with;12.1.1 of ISO 10426-2:2003.

10.5.1 Plape the slurry into an atmaspheric pressure consistometer slurry container that has been chilled to
the desired|test temperature. Place-the slurry container into a chilled atmospheric consistometer and condjtion
for 20 min. After 20 min, verify the temperature, remove the paddle from the slurry container and stir the slurry
briskly with| a spatula to €nsdre a uniform slurry. If the cement slurry has not reached the desired [test
temperaturg, continue conditioning until the desired test temperature has been reached. Note the actual {ime
to reach the desired-test temperature. The temperature of the slurry container and/or the fluid within| the
atmospheri consistometer may be lower than the test temperature in order to promote a more rapid gool-
test
any
il is
blotted, remove the slurry paddle from the sIurry container and stlr briskly with a spatula to ensure a umform
slurry. At user discretion, the temperature of the slurry container and/or the fluid within the pressurized
consistometer may be lower than the bottomhole test temperature in order to promote a more rapid cool-down.

10.5.2 Pour the cement slurry immediately into the viscometer cup. The viscometer cup, sleeve and bob
should be chilled to the desired test temperature.

10.5.3 With the sleeve turning at the lowest rotational speed, raise the cup until the liquid level is at the fill
line on the sleeve.

10.5.4 Record the temperature of the slurry in the viscometer cup before taking the first reading. Record the
initial dial reading 10 s after continuous rotation at the lowest speed. All remaining readings shall be taken first
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