


























suitable for cement; for critical wells, request rheological testing at HPHT conditions which can
be performed at regional support laboratories.

Where BHCT is above 88°C (190°F), test cement spacers in Fann 50/Fann 70/75 which are
readily available in mud laboratories at field locations (equipment is not generally available
through the cement company).

Rheological parameters are required for:

accurate prediction of the equivalent circulating density (ECD) during cementing
displacement modelling

assessing mixability /pumpability of the cement

determining gel strength development

assessing temperature thinning as a preliminary assessment of slurry stability
slurry QA/QC at the well site

The gel strength of the cement is also determined using the Fann 35, reporting the 10 second
10 minute gel strengths; the 10 sec gel strength is an indicator of slurry stability and the 10
minute gel strength at BHCT is required to assess the slurries thixotropic behavior.

4.6 Compressive Strength

Physical crushing of cement cubes is rarely performed and the use of the Ultrasonic Cement
Analyzer (UCA) is now almost universal.

The UCA measures changes in transit time/pulse velocity as the cement develops compressive
strength. Since the test is nondestructive, a continuous measurement from fluid state to solid is
obtained. The UCA signal is calibrated according to algorithms built into the apparatus to relate
the transit time to the equivalent cube crush strength. The laboratory personnel must select the
most appropriate algorithm for the slurry type (related to density of the slurry).

Development of some new systems that contain high loading of low density or flexible materials
do not correlate well with algorithms used to correlate sonic transit time to unconfined
compressive strength. If systems such as these are employed in BP wells, destructive testing
should be performed. For these systems the UCA will provide the time to the point of strength
development and the destructive measurement will provide a better estimate of actual UCS.

Where destructive testing is performed, it is critical that the laboratory has equipment to apply a
fixed load rate to the cube to get an accurate measurement.

When determining compressive strength at BHP, pressure has been shown to impact cement
hydration (setting). This is particularly important in deep water and HPHT wells to get an
accurate prediction of WOC time. In these cases the UCA testing should be conducted at the
appropriate BHP or as close to this pressure at the equipment allows.
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4.7 Density

The laboratory is required to have a calibrated pressurized fluid balance.

Checking density of the slurry prepared confirms laboratory calculations and that the slurry has
been tested at the correct density. It is also critical when slurries containing lightweight particles
are used to confirm that particle attrition during mixing or at BHP does not result in densifying
the slurry.

4.8 Static Gel Strength

The measurement of the gel strength development can be performed using:

e Fann 35

e Vane Rheometer

e MACS or Mini-MACS analyzer (Halliburton)

o UCA Static Gel Strength Analyser (SGSA) (Chandler)

The gel strength determined using a Fann 35 is used for displacement analysis, but is not
appropriate in the assessment of gas migration or shallow water flow risk and prevention. Only
the last two methods can be conducted at simulated BHP and BHCT. All 4 techniques will give
different numbers for SGS.

The MACS analyzer measures the shear resistance of the (essentially static) slurry by moving a
paddle through it at slow speed (rotating at 0.5 deg per min).

The most common technique used for determining the Static Gel Strength (SGS) used for
assessing gas migration, is the Static Gel Strength Analyzer (SGSA). In this analyses, the
pulse velocity changes before the cement has reached initial set and translates these readings
into a gel strength (Ib/100sqft) using internal algorithms.

Static gel strength is unrelated to thickening time measurements; its critical parameter is
Transition Time (TT). This is purely related to changes occurring under static conditions and is
not to be confused with concept of right angled setting behavior reported on Pump Time (PT)
tests.

The two key measurements reported for gel strength are Zero Gel Time (ZGT) and TT. The
ZGT is when the cement slurry loses the ability to transmit full hydrostatic pressure, normally
taken as time to reach 100 Ibf/100 sq ft. Transition Time is the time from the ZGT until the
slurry has developed sufficient gel strength to prevent the migration of gas (normally taken as
500 Ibf/100 sq ft).

These tests only indicate trends since in practice fluid loss and temperatures have a large

impact on gel strength development. Completing the gel strength measurement at the
temperature at the depth of interest is critical (and this is seldom at the bottom of the well).
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When using a SGSA the slurry has to be conditioned in a Consistometer before placement into
the cell.

These tests are critical in assessing if the slurry is fit for purpose for controlling gas/fluid
migration and should be completed where the slurry is required for this service.

Static gel strength measurements are important where thixotropic slurries are being used and

when cement is left static above the liner running tool or around an expandable liner and
hangers.

4.9 Fluid Loss

Cement fluid loss tests are performed with a 1000 psi differential pressure across a 325 mesh
screen.

When BHCT exceeds 88°C (190°F) it is necessary to use a high pressure stirring fluid loss cell
(recommended); alternatively a cell with a pressurized back-pressure chamber and condenser
can be used.

The test only gives a ranking of slurries and is not truly representative of fluid loss under down
hole conditions; the overbalance is not normally 1000 psi and filtration will occur through
formations which have previously been exposed to drilling fluid which impacts their near
wellbore permeability. There is no comparison of HPHT mud fluid loss with the values from the
above test on cement and cement fluid loss is significantly higher than an OBM.

For water shut off squeezes across producing perforations, filter cake height should be
assessed to determine suitability for plugging perforations.

4.10 Sedimentation Test Tube (BP Settilement Test)

The BP Settlement test assess the stability of the cement while it sets under downhole pressure
and temperatures, The cement slurry is cured in a small tube (203 mm (8”) x 25 mm (17)
diameter), at temperature and pressure representative of well conditions.
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Once set, the sample can be removed from the tube and measurements made to determine
free fluid, settling and segregation. The key measurements are:

o Depth to set cement from top of cell (i.e. settlement)
o Density variation along the column

It is critical that the test is conducted according to the BP Settlement Procedure; do not use the
API procedure. Appendix 2 provides detail on the cell and the test procedure to adopt.

Where lightweight and heavyweight particles are added to a slurry design, consider a dynamic
settlement test. This test determines if under low shear the light or heavy particles separate
from the bulk slurry due to gels being broken. The dynamic settlement test is normally
conducted in a consistometer with a modified cell and lower speeds than normally pump time
tests.

4.11 Free Fluid Test (Free Water)

Free water is a basic QC test for a slurry design; unfortunately there are many laboratory
procedures for free fluid determination, all of which may give different results.

The slurry is pre-conditioned at wellbore temperature and pressure in a consistometer for at
least 30 minutes. However, the time that the slurry is stirred at temperature & pressure is not
dictated (by API/ISO) and the duration of preconditioning affects free water results. After this
pre-conditioning, the slurry is poured into a sample tube which is then left for a 2 hour test
period in a vibration free area, under one or more of the following possible test conditions:

Vertical or inclined at an angle

Ambient temperature and pressure

In a heating or cooling chamber/bath, at ambient pressure
In an HPHT chamber

Deviated free water test

Most field laboratories do not have suitable pressurized chambers, so the most common
procedure is to pre-condition the slurry for 30 minutes in the consistometer, and then perform
an ambient temperature/pressure test. If the well is deviated, or stricter control of free fluid is
desired, the test cylinder is inclined at 45 degrees during the 2hr test period. This test
procedure is not representative of downhole conditions; however, it does provide basic QC and
comparative results. For critical jobs (liners / hole angle> 30°/ slurries using lightweight or
heavy weight particles / HPHT conditions) and where temperature exceeds 250°F perform a BP
Settlement Test.
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5.0 Other tests
5.1 Gas Migration

Prior to entering into this type of work, consult an EPT Subject Matter Expert (SME) to establish
acceptable procedures required to determine realistic properties

Gas migration testing is complex and difficult to interpret; there is not an industry agreed testing
procedure, and each company / service company region has preferred test procedures. Most
tests work on the principle of assessing transmission of a gas pressure across the cement as it
sets; however, there are many variables that can impact success and failure not related to
slurries ability to prevent gas migration.

In addition to gas migration tests, Static Gel Strength, Fluid Loss & Free Fluid/Settlement
testing must be performed as well to understand the broader performance of the slurry.

The most commonly used Service Company laboratory equipment is shown below. Since data
is qualitative and only demonstrates merits of different slurries tested on the same equipment,
care should be taken in the interpretation of the results.

Foam slurries cannot be tested in this equipment, but they may be a very good solution to a gas
migration problem.

’,\l\ I

Chandler Fluids Migration  Chandler Cement Hydration
Analyser (FMA) Analyser (CHA)

5.2 Mechanical Properties

Prior to entering into this type of work consult an EPT Subject Matter Expert (SME) to establish
acceptable models and the procedures required to determine realistic properties

With increased concerns with regards to cement integrity, mathematical models have been
introduced to predict the risk of cement failure under pressure and temperature changes that
occur during drilling / completion and well operations. This has required determination of the
relevant mechanical properties, the critical ones being measured are:

Shrinkage / Expansion
Young’s Modulus
Poisson Ratio

Friction Angle

Tensile Strength
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Very few Service Company laboratories are set up to determine any of these properties at
downhole temperatures and pressures. The repeatability of the results determined under
realistic conditions can be poor.

6.0 Interpretation of laboratory results

6.1 Spacer Compatibility

Guidance for accessing spacer compatibility from mixtures of spacer and mud.

IDEAL
Compatible

ACCEPTABLE
Slight Incompatibility

NOT RECOMMENDED
Limited Compatibility

UNACCEPTABLE
Incompatible

No Fann reading is >
the higher of the two
components at the
same rotational speed.

Any Fann reading is more
than 25% > the higher of
the two components at
the same rotational speed

Any Fann reading
approaching 50% > the
higher of the two
components at the same
rotational speed.

Any Fann reading is more
than 50% > the highest of
the two components at the
same rotational speed.

Often such ideal
compatibility is not
achievable.

Sometimes analysis is
limited to the 100 rpm
reading, this being felt
representative of typical
annular shear rate.

May be acceptable if only
one or two mix ratios
approach 50%, and it is
not possible to re-design
the spacer due to lack of
time, laboratory facilities or
alternative chemicals.

Phase separation, settling
or obvious formation of gel
or paste also indicates
incompatibility.

Water wetting tests are normally visual, but it is recommended that digital photographs are
provided to confirm acceptability of the surfactant package.

A spacer which is unstable after mixing will cause problems in surface equipment and may
result in a compromised cement job; instability at temperature and pressure will also cause
problems during placement and recovery of liner running strings. Spacers with negative yield
points or insufficient gel structure to support barite need additional viscosities.

6.2 Thickening time tests
The key elements to consider when reviewing thickening time results are:

e Adequate pump time as defined by time to 50 Bc.
e Shape of the thickening time curve to assess whether setting is occurring correctly.

Request Service Company to provide the entire thickening time curve; as a minimum, review
the times to 30/50/70/100 Bc.
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An example of good setting behavior is shown below. In this case the time from 30-100 Bc is
less than 15 minutes indicating effective, controlled retardation and rapid setting.

Slurry Showing Right Angle Set
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An example of a slurry showing unacceptable gel setting behavior is shown below; in this case
the time from 30 — 100 Bc is very extended (in some cases it may not reach 100 Bc during the
test). This indicates a slurry which may develop compressive strength very slowly or if the
pumps are shut down during displacement it might be difficult to initiate flow again. If the time
from 30Bc to 70 Bc is greater than 1 hour, it's possible the slurry is not suitable as anything
other than a filler slurry (and still may carry placement risks).

Gel Setting behavior

60 =

Consistency (Bc)
3

High initial Consistency
Consistency continuously
increases over time

70 BC reached with no
indication of heat of
hydration

Temperature variations are
caused by differences in
heating a gelled plug
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It is also important to look at the initial “viscosity” of the slurry at the start of the test and values
above 30 Bc may indicate there would be problems mixing the system and/or high pump

pressures.
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If the full laboratory test data is supplied, review the output to confirm that pressure and
temperature did not fluctuate during the test after reaching simulated BHP and BHCT until the
pump time was reached.

6.3 Rheological Properties

The Fann 600 rpm is not used for characterization of cement slurry rheology, studies have
found that shear rates above 511 sec™ can result in inconsistent readings and poor
repeatability; higher shear rates are not representative of the shear rates. Generally plastic
viscosity and yield point (according to the Bingham model) are reported. The data from ECD
simulations is often curve fitted and this can cause problems when data is fitted to Power Law
during one simulation and Herschel Buckley in another. Reject slurries which have very low (or
even theoretical negative) yield points; it is unlikely they will be stable or fit the frictional
hierarchy normally required for spacer and mud displacement.

When measuring and designing fluid rheologies for mud displacement, it is essential that all
fluids (e.g. mud, spacer and cement slurries) are tested and compared at the same
temperature. Typically the mud company will use only the 600 and 300 rpm readings to
determine PV and YP, which normally results in @ much higher YP as compared to that
calculated using the 100 to 300 rpm readings.

Whilst not recommended by API/ISO document, a two point estimation of PV and YP of
cement can be made using the following:

PV = 1.5 (300 rdg - 100 rdg)
YP =300 rdg - PV
Often the data is curve fitted to a Power Law model, but generally cement is best described by

the Herschel Buckley rheological model to give the most accurate predictions of ECD and
surface pressures.

6.4 Compressive Strength

The following is an example of a UCA output that provides estimates of initial set (50 psi), time
to develop strength for drill out (500 psi) and adequate strength for sidetrack (>2500 psi).

Detailed UCA Chart for a Kick-Off Plug Design

* UCA = Ultrasonic

5000 500 =50 .
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4500 1= 40 4 Strength
4000 i— /&—’0——: o _i ) Analyzer
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£ 4 | =13 initial set
3000 300~ 4302 .
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The results determined in a UCA are from correlation curves of pulse velocity vs. compressive
strength and the results are less reliable for lightweight blended cements and cements
containing weighting materials.

Because of this, UCA do not give absolute values (determined from destructive testing) and
whilst the correlation is very good for 15.8 ppg (1.9 SG) slurries, the values are less accurate
for lightweight and high density slurries. Ensure the correct algorithm has been used
particularly when using hollow sphere lightweight particles or high density material.

Where a cement evaluation log is to be run, determine compressive strength development
(change in acoustic impedance) for a 95/5 cement/spacer combination to get a more realistic
value to interpretation of ultrasonic evaluation logs.

6.5 Density

If the slurry design includes lightweight particles, then request the density to be measured after
the slurry has been exposed to simulated BHP and BHCT in a consistometer. If the density
after exposure to pressure has increased more than 0.5 ppg (0.06 SG), the planned lightweight
particles are not appropriate and should be changed out for a stronger lightweight particle (or a
slurry not relying on lightweight particles should be considered)

6.6 Static Gel Strength
A typical output from the SGSA is shown below. VWhere the slurry has been designed to

prevent shallow flow, use a slurry with Zero Gel Time (ZGT) > 30 minutes and a transition time
less than 45 minutes.

Ideal Static Gel Strength (SGS) Development

500 ; 250 | Test equipment emulates
| | —8—— Static Gel Strength Cement placement
— | | =eeeeflpmemee Actual Cement Temperature :
}_,400 [ |~w&m=- Temperature Schedule n 200 * Static test that meaSUr.eS
3 ] the gel of a fluid over time
ry I G a— » Zero Gel Time
%) 150[;'- - Time to 100 lb/100ft?
3 [ — Loss of hydrostatic pressure
' H]
g ‘g - 500 Ib/100ft?
H Ji0o g- — Gel Strength Strong enough to
ﬁ < prohibit wellbore fluid influx
- = " )
8 » Transition Time
-j—_’,100 I — Time from 100 to 500 Ib/100ft?
ﬁ — Wellbore fluids can percolate
through the column of cement
0 1 = 1o
00 0.5 5 25

1.0 1.
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Although the guidance on ZGT and transition time limits applies to all procedures used to
determine static gel strength, data from different procedures cannot be compared. SGSA tests
can produce incorrect results for several reasons particularly when conducted in remote
locations where the test is not routine. It is recommended that at least 2 tests are conducted to
confirm behavior of the slurry where shallow flow risks are high.
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6.7 Fluid Loss

A simple 1.9 SG slurry without any fluids loss additive will have an API fluid loss of +/- 800 mls.
The following table gives a guideline on the fluid loss control required for various scenarios, but
does not supersede local experience.

Annular Clearance Predominant Discrete Permeable Fluid Loss Guide
(hole ID - casing Formation Zone to Isolate (Y/N) (mis)
OD) (inches)
>2 Sand N No control
Shale N No control
1656-2 Sand N <250
Shale N No control
1-1.5 Sand N <150
Shale N No control
<1 Sand N <100
Shale N <150
>2 Sand Y <150
1.6-2 Sand Y <100
1-1.5 Sand Y <75
<1 Sand Y < 50

6.8 Settlement

The following diagram shows an expected reporting format demonstrating a slurry with
unacceptable properties.

I = depth to firm cement

1.86

1.91

178 mm

1.95 |:] = clear water

1 = sludge of water with
cement fines

The following diagram shows an expected reporting format demonstrating a slurry with
acceptable properties
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The following table provides guidance on acceptable settlement.

Hole angle (deg)

Depth to firm
cement (mm)

<45

<5

> 45

<3

Where lightweight or high density particles are being added to the slurry, a density difference of
less than 10% from top to bottom is recommended.

6.9 Free Water

The figure below shows typical results from a free water test, one slurry shows trace
(essentially zero) free water, the centre result would be unacceptable for a tail slurry, but would
be typical for a lead slurry. The final test shows very high unacceptable free water.

(ST
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The following guidelines are for tests performed at ambient temperature and pressure, following
pre-conditioning in an HPHT consistometer.

Surface pipe and non-critical string
> <1.5% (<3.75 cc)

Gas control, production strings and highly deviated wellbores (Settlement Test also
required)
» Trace (< 0.5% /<1.25 cc)

7.0 Other tests
7.1 Gas Migration

Consult an EPT Subject Matter Expert (SME) for support and guidance in interpreting results of
these tests.

Gas Migration control is not required just because a formation contains gas, in many cases
effective cement placement and fluid loss control is all that is required to mitigate gas migration.

Where a gas migration risk assessment identifies a high level of risk of gas migration (or over
pressured shallow water flow), these tests should be completed as a final assurance after
slurries have been tested and optimised for all the properties required in the Basis of Design
(Pump Time ,Transition Time, Fluid Loss, Settlement, etc).

The lack of reliability and inability to relate Gas Migration testing to field performance means
these tests are not primary design tests, but used to confirm a slurry meeting other gas
migration criteria does prevent flow while cement sets.

There is little or no comparison between results from one laboratory to another or between the

various testing procedures, so only relate results performed on the same equipment at the
same laboratory.

7.2 Mechanical Properties

Consult an EPT Subject Matter Expert (SME) for support and guidance in interpreting results of
these tests.

7.2.1 Shrinkage/Expansion

If cement is allowed to dry it will shrink. Most measurements of shrinkage over predict cement
shrinkage due to the internal development of porosity during the cement hydration reaction.
Review and consult on any result reported suggesting shrinkage of over 2% since it is unlikely
this is the true bulk volume shrinkage and may lead to prediction of tensile failure and use of
over complicated expensive slurry designs.

7.2.2 Young’s Modulus

Most of the computer models used to predict the mechanical performance of the cement when
subjected to wellbore stresses, i.e. Schlumberger (CemStress), Halliburton (WellLife) and BJ
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(IsoVision), are highly dependent on Young’'s Modulus. The Young’s Modulus of the cement
has been shown to reduce with increasing confining forces which means in deeper sections
cement is more ductile and less likely to fail. It is recommended to use values in modelling
determined under triaxial testing to obtain accurate predictions of performance of the set
cement. If the initial assessment using default values indicates a cement with a lower Young’s
Modulus is required, a lower density conventional extended slurry will result in a significantly
lower Young’'s Modulus. This simple low cost approach is the first approach to adopt before
using more expensive slurries with flexible particles or gas added.

A lower Young’s Modulus is often accompanied by reduced compressive strength and this
needs to be carefully considered in respect to risk of compressive failure of the cement or
extended WOC.

For oil well cements, slurry values will be between 0.5 x 10° psi — 1.5 x 10° psi; a 1.9 SG (16
ppg) cement will be about 1 x 10° psi. For comparison “plastics” are typically +/- 0.25 x 10° psi.

7.2.3 Poisson ratio

Poisson ratio also shows dependency on confining pressure; typical values are 0.12 -0.2 with
lower values associated with material containing “flexible” particles. A 1.9 SG (16 ppg) cement
will have a 0.15 -0.16 Poisson ratio.

7.2.4 Tensile Strength

Tensile strength for most cement is related to compressive strength; with some special
additives the relation to some level can be decoupled. Typically a simple extended lead slurry
will have tensile strength of 100 -200 psi and a 1.9 SG (16 ppg) cement 250 — 350 psi. These
numbers can be increased to above 500 psi with more complex slurry design approaches.

The most common failure mode predicted in mechanical modelling of cement during life of well
is tensile failure. The optimal value of tensile strength on the cement system is one that will
prevent tensile failure of the cement sheath through out the life of the well. These target values
should be determined by modelling the events that are expected to occur with the use of
cement sheath modelling programs.

7.2.5 Friction Angle

This is a critical parameter in Halliburton’s WellLife analysis; data shows this to have significant
variability. The value cannot be zero and one should treat any value approaching zero with
suspicion. Values between 5 -15° are expected. Because of data variability request test results
from at least 3 separate tests at the same curing time to assess reliability of any subsequent
modelling.
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APPENDIX 1
Standards

Generally testing of cement slurries and spacers will be performed according to the most recent
version of APl (Spec 10) or ISO (10426) Standards & Specifications. Currently these are:

18O 10426-1:2005
Petroleum and natural gas industries -- Cements and materials for well cementing -- Part 1: Specification

1SO 10426-2:2003
Petroleum and natural gas industries -- Cements and materials for well cementing -- Part 2: Testing of well
cements

1SO 10426-2:2003/Amd 1:2005
Water-wetting capability testing

1SO 10426-3:2003
Petroleum and natural gas industries -- Cements and materials for well cementing -- Part 3: Testing of
deepwater well cement formulations

1SO 10426-4.2004
Petroleum and natural gas industries -- Cements and materials for well cementing -- Part 4. Preparation and
testing of foamed cement slurries at atmospheric pressure

1SO 10426-5:2004
Petroleum and natural gas industries -- Cements and materials for well cementing -- Part 5: Determination
of shrinkage and expansion of well cement formulations at atmospheric pressure

1SO 10426-6:2008
Petroleum and natural gas industries -- Cements and materials for well cementing -- Part 6: Methods for
determining the static gel strength of cement formulations

Cementing contractor engineers and laboratory personnel should have copies of the most
recent editions and be familiar with the contents (confirm this by audit).

Note: While the above standards define the standard test procedures, local procedures can be

modified and adapted to better model actual wellbore conditions and job procedures, provided
this is clear to, and understood by all concerned.
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APPENDIX 2

BP Cement Settling Test

INSTRUCTIONS FOR PERFORMING A SETTLING TEST

Description of Settling Tube
A complete engineering diagram of the tube is available from BP Research at
Sunbury: drawing No. BPE/MF/1154.

The (reusable) tube is a cylinder with the axis vertical. Internal height is 203mm
(8.00%) and the internal diameter is 25mm. The tube is designed to be opened along
its length to facilitate removal of the hardened core of cement. A lid should be
provided to cover the mould and yet permit transmission of pressure between
pressurizing medium (water) and the slurry. A height of 203mm was chosen as the
maximum height which would fit conveniently in HT/HP curing cells. If it is preferred
to use a long fluid loss cell to cure the sample then the tube height should be
190.5mm (7.50%). In any case, the dimensions of the tube should be clearly stated
on any reports.

Method

The inside of the tube and all joints should be lightly greased. After assembly it
should be tested to ensure that it is leak-tight by filling it with water. It should then
be emptied and dried without disturbing the joints, either by wiping the inside gently
with paper tissue or by blowing with air. A suitable antifoam / defoamer must be
added to the slurry. The slurry should be prepared according to API Specification 10,
Section 5. The slurry should be conditioned either 1) on a pressurised consistometer
to the appropriate BHCT and pressure as for the thickening time test (do not exceed
85C if the BHCT is greater than this temperature) or 2) on an atmospheric
consistometer to the appropriate BHCT at the appropriate heat-up rate. Meanwhile,
the settling tube should be heated to BHCT in the curing chamber or the long fluid
loss cell (do not exceed 85C if BHCT is greater than this temperature)

Once at BHCT, remove the slurry cup and the settling tube from the respective
machines. Check that the inside of the settling tube is dry before proceeding. Open
the slurry cup and discard any oil that may have got inside the cup. Pour the slurry
into the tube until it is approximately 20mm from the top. Tap the tube to dislodge
any air bubbles. Fill the tube completely and tap the tube again to remove air. Check
the tube is completely filled and put the (lightly greased) lid in place. Wipe off surplus
cement from the outside of the tube. Place the tube in a curing chamber (or long
fluid loss cell) heated to BHCT (or to 85C if BHCT greater than this), CAREFULLY.
Avoid spilling any cement. Apply 3000psi (or 1000 psi if using the long fluid loss
cell). If the BHCT is greater than 85C then heat the curing cell to BHCT at 2C per
minute until at BHCT. Maintain BHCT until the end of the test. Duration is normally
overnight, approximately 16 hours. Cool the cell to below 90C and release the
pressure slowly. Place the tube in water at room temperature for approximately 15
minutes. Do not remove the tube from water until the tube is at ambient temperature.

Measuring Settlement (refer to section 4)

Remove the lid and measure the depth from the top of the tube to the top of HARD
CEMENT. Do this with a metal rod of similar dimensions to a consistometer
thermocouple. Record this figure (in mm) as the "settlement”. Record the nature of
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the "free fluid" which is the fluid on top of the hard cement in the tube. This free fluid
could be clear free water, soft sludge of cement fines etc.

Measuring density of the column
THIS TEST SHOULD PROCEED WITHOUT HESITATION SO THAT IT IS
COMPLETED BEFORE THE CEMENT DRIES OUT SIGNIFICANTLY.

Remove the tube from the water, split the tube, remove the hardened cement core
and wipe off any excess grease. Make marks along the core at approx. 30mm
intervals. Break the core at these marks. This may be done by holding it against a
rigid metal edge and striking the core opposite this contact point with a hammer.
Keep the sections in order - number them if necessary. Using a top-pan balance
capable of measuring to an accuracy of 0.01 gram and record the weight of each
section quickly (W1).

Take a 250-400ml beaker, 2/3 full of distilled water at ambient temperature, and tare
it on the balance. Suspend each section of core, in turn, from a noose of thin
monofilament wire (nylon or steel) and lower it into the beaker so that the core
section is completely immersed in the water. Take care the keep the suspended
section away from the sides of the beaker and ensure that no air bubbles are
trapped. Record the weight on the balance (W2, weight of the section in water),
quickly.

Density of core section, SG, = weight of section in air = (W1)
weight of section in water (W2)
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