Shrinkage and Expansion in
Oilwell Cements

API TECHNICAL REPORT 10TR2
FIRST EDITION, JULY 1997

American
I ) Petroleum

Institute



https://www.stdhive.com/standards/api-tr-10tr2-first-edition-pdf/

Shrinkage and Expansion in
Oilwell Cements

Exploration and Production Department

API TECHNICAL REPORT 10TR2
FIRST EDITION, JULY 1997

American
L ) Petroleum

Institute


https://www.stdhive.com/standards/api-tr-10tr2-first-edition-pdf/

SPECIAL NOTES

API publications necessarily address problems of a general nature. With respect to partic-
ular circumstances, local, state, and federal laws and regulations should be reviewed.

API is not undertaking to meet the duties of employers, manufacturers, or suppliers to
warn and properly train and equip their employees, and others exposed, concerning health
and safety risks and precautions, nor undertaking their obligations under local, state, or
federal laws.

Information concerning safety and health risks and proper precautions with respect to par-
ticular materials and conditions should be obtained from the employer, the manufacturer or
supplier of that material, or the material safety data sheet.

Nothing contained in any API publication is to be construed as granting any right, by
implication or otherwise, for the manufacture, sale, or use of any method, apparatus, or prod-
uct covered by letters patent. Neither should anything contained in the publication be con-
strued as insuring anyone against liability for infringement of letters patent.

Generally, API standards are reviewed and revised, reaffirmed, or withdrawn at least every
five years. Sometimes a one-time extension of up to two years will be added to this review
cycle. This publication will no longer be in effect five years after its publication date as an
operative API standard or, where an extension has been granted, upon republication. Status
of the publication can be ascertained from the API Authoring Department [telephone (202)
682-8000]. A catalog of API publications and materials is published annually and updated
quarterly by API, 1220 L Street, N.W., Washington, D.C. 20005.

This document was produced under API standardization procedures that ensure appropri-
ate notification and participation in the developmental process and is designated as an API
standard. Questions concerning the interpretation of the content of this standard or com-
ments and questions concerning the procedures under which this standard was developed
should be directed in writing to the director of the Authoring Department (shown on the title
page of this document), American Petroleum Institute, 1220 L Street, N.W., Washington,
D.C. 20005. Requests for permission to reproduce or translate all or any part of the material
published herein should also be addressed to the director.

API standards are published to facilitate the broad availability of proven, sound engineer-
ing and operating practices. These standards are not intended to obviate the need for apply-
ing sound engineering judgment regarding when and where these standards should be
utilized. The formulation and publication of API standards is not intended in any way to
inhibit anyone from using any other practices.

Any manufacturer marking equipment or materials in conformance with the marking
requirements of an API standard is solely responsible for complying with all the applicable
requirements of that standard. API does not represent, warrant, or guarantee that such prod-
ucts do in fact conform to the applicable API standard.

All rights reserved. No part of this work may be reproduced, stored in a retrieval system, or
transmitted by any means, electronic, mechanical, photocopying, recording, or otherwise,
without prior written permission from the publisher. Contact the Publisher,

API Publishing Services, 1220 L Street, N.W., Washington, D.C. 20005.

Copyright © 1997 American Petroleum Institute
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FOREWORD

Dimensional change after placement in oil and gas well cements, a phenomenon often
referred to as shrinkage, has often been used to explain various problems (e.g., microannulus
leading to bad cement bond logs, interzonal communication leading to costly remedial jobs
and also lack of a seal to the gas of cement inflatable packers). Attempts have been made to
find additives to decrease shrinkage, but it seems that shrinkage (as well as the exothermal
reaction) are closely related to the hydration of the cement. The best solution for this shrink-
age so far has been the identification of additives that favor the expansion of the cement.
However, even if cement expands dimensionally, it still will shrink internally. In this case,
the bulk expansion of the cement sample is simply superposed on an inner shrinkage that
will affect the porosity of the sample. Shrinkage is not just one property of cement, such as
rheology or thickening time that can be defined by one measurement. This is probably why
little consensus has been reached today in the industry on this important issue, in spite of a
large amount of work devoted to the subject. '

In 1994, API proposed to open a work group on shrinkage. This report is an attempt to
bring more understanding to this important area of cementing. One of the objectives of the
work group was also to propose equipment to investigate shrinkage and expansion in oilwell
cements. This report will address the objectives of that task group, which were:

¢ To develop standardized test procedures to measure expansion/shrinkage.
» To investigate possible impacts on invasion of wellbore fluids (gas, water).
» To standardize definitions of terms for cement hydration.

This report is a summary of all the background information and actual data that were gen-
erated to meet the objectives outlined above.

The equipment described in the report is the minimum recommended to measure the
parameters in question.

API publications may be used by anyone desiring to do so. Every effort has been made by
the Institute to assure the accuracy and reliability of the data contained in them; however, the
Institute makes no representation, warranty, or guarantee in connection with this publication
and hereby expressly disclaims any liability or responsibility for loss or damage resulting
from its use or for the violation of any federal, state, or municipal regulation with which this
publication may conflict.

Suggested revisions are invited and should be submitted to the director of the Exploration
and Production Department, American Petroleum Institute, 1220 L Street, N.W., Washing-
ton, D.C. 20005.
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1 Introduction

A flawless cementation of the casing strings is fundamental
not only for safety reasons, but also to keep drilling and pro-
duction costs at a minimum level.

A cement job has to fulfill multiple conditions, but its main
function is to prevent fluid and gas flow through the annulus
by ensuring an impermeable bond and exhibiting sufficient
compressive and shear bond strength.

Various factors can affect the sealing, such as poor mud
removal, as well as bad slurry properties and borehole condi-
tions. It is also recognized that the volumetric changes of
cement during hydration substantially contribute to these
problems. Bulk and inner volume changes produce bonding
and permeability changes, respectively.

In this work, volume changes were better understood by
measuring them on different slurries. Three different setups
that correspond to three different testing conditions were used.

2 References
A list of suggested references may be found in Appendix A.

3 Definitions and Symbols
3.1 DEFINITIONS
For the purposes of this report, the following definitions apply:

3.1.1 cement: when the word is used alone, it refers to the
material in any of the states from cement slurry to hard cement.

3.1.2 cement slurry: a mixture of Portland cement,
water, and additives at a consistency below 50 Bc.

3.1.3 gel cement: cement slurry between the time at 50
Bc and the time at which the transit time of ultrasonic com-
pressional P waves starts to decrease (UCA equipment).

3.1.4 gel cement under plastic state: a gel cement

that can still deform to match the shape of its container.

3.1.5 hard cement: a material where the transit time of
ultrasonic compressional P waves has decreased compared to
the initial base line.

3.1.6 Portland cement: the powder as received from the
supplier.

3.2 LIST OF SYMBOLS

The following symbols are used in this report:

V, = initial volume of cement
V; = final volume of cement
T = temperature of the cement

Shrinkage and Expansion in Oilwell Cements

P = pore pressure inside the cement
M, = micrometer measurement after curing
M, = initial micrometer measurement
%Lex = defined by equation [1], linear expansion
measured with the annular ring
V; = initial volume of the sleeve
V; = final volume of the sleeve
%Bex = defined by equation [3], bulk expansion
measured with the sleeve
= 1.65 inches (initial diameter of the sleeve)
= final diameter of the sleeve
= initial circumference of the sleeve
= final circumference of the sleeve
= height of the sleeve
AC,, = difference between C, final and C,, initial

%Bch = defined by equation [4], bulk volume change
measured with the membrane

=sO0b b

V, = volume compensated by the piston movement
V, = volume of gas entered in the slurry
V. = 392.5 cm’ (estimated by filling up the cell with
water)
%Ish = defined by equation [5], inner shrinkage
measured with the CHA

4 Discussion of Shrinkage and
Expansion

4.1 CAUSE AND RESULTS OF SHRINKAGE AND
EXPANSION

Shrinkage and expansion in cement result from the forma-
tion of hydration products having a different density from the
compounded density of the reaction components. This can
result in:

a. Change in pore volume.

b. Change in pore pressure.

c. Change in sample dimensions.
d. Change in internal stress.

The change in sample dimensions will be referred to as
bulk shrinkage or bulk expansion. The change in pore volume
will be referred to as inner shrinkage.

Shrinkage and expansion of cement refer to the result of
the measurement of a volume change in cement. This will be
expressed in percent by volume. The volume to which all vol-
ume changes are related, is the volume of the slurry immedi-
ately after mixing and placement in the experimental
equipment. The general expression for shrinkage and expan-
sion is:


https://www.stdhive.com/standards/api-tr-10tr2-first-edition-pdf/

