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Executive Summary:

This document has been prepared to aid in the planning and execution of
deepwater drilling. It addresses those aspects of cementing deepwater wells
which are not generally found in cementing shallower-water wells or onshore.
It does not address aspects which are common to all wells — e.g. the need for
proper job planning, risk assessment and mitigation including, most
importantly, good mud displacement. No slurry, however well designed or
‘high-tech’, will avoid the need for good mud displacement.

This document refies very heavily on the work done to prepare AP!
RECOMMENDED PRACTICE 65, FIRST EDITION, SEPTEMBER 2002,
Cementing Shallow Water Flow Zones in Deep Water Wells. This document
should be read in parallel with these guidelines. Many of the considerations in
this Recommended Practice apply, to some extent, to deepwater wells in
general and to any circumstance where cementing close to balance. Although
written around SWF cementing in GoM, there is much good practice which
applies in a wider context.

Most of the issues which arise in deepwater cementing are concermned with the
shallow casing strings. The deeper sections of the well can be approached in
a relatively conventional manner, the main difference being one of economics
and risk management (rig time) rather than technical difficulty in designing a
cement slurry and placement schedule. However, tight annuli and namow
poreffracture windows do complicate many deepwater wells, as do issues
around trapped annular pressure.

Recent interest by the MMS in the US in the numbers of wells which show
evidence of annular pressure communication is influencing assurance
processes in the industry. Operators will increasingly be pressed to
demonstrate use of best practice. This will require better documentation of risk
evaluation and mitigation steps. These guidelines will aid such an approach.
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Assurance check list:

Issue Actions
Ensure the cementing contractor understands the issues around | -Competency
planning and execution for deepwater wells: assessment.

SWF’'s
Narrow Pore/Fracture window

-Check knowledge
and understanding

Need for more complex Lab testing and simulation of API RP 65.
-Lab audit.
Good drilling practices - to produce good hole conditions - are See APIRP 85,
essential and become extremely critical if cementing against a Section 5, this
strong, shallow flow zone. document and
. : facilitate teamwark
with the mud
. contracior.
Computer simulation of mud displacement should be undertaken | The latest
for all eritical hole sections using rheology data which accurately | CemCade model
reflects what is in the well rather than assumed, or programmed, | now represents

figures for PV, YP & Gels. Realistic estimates of hole size and
casing eccentricity are essential. Do not assume bit size and
80% stand-off.

‘state of the art’ for
fluid displacement.

displacement and following ‘plug bump’

SWF potential — consider if the cement job design must be Do full Risk

capable of stopping a flow and whether this may be a strong Assessment.

flow. Complexity (and cost) of the job design will increase

exponentially. Do you really want to cover a low probability with

2 high cost, complex solution?

For SWF control, the slurry design selection should be based on | The Cementing

the criteria of pressure maintenance (foamed) or rapid gel Basis of Design

strength development (to 500 Ib/1 00ft? in ~20 minutes), or a Document (BoD)

combination of the two. must address the
choice of siurry by
{for example)
ranking and
evaluating the

B e o |options. §
Lab testing of high performance slurries must follow the likely -Computer
temperature profile the slurry will see during mixing, pumping, modeling of

temperature profile
for first, middle and
last sack.

-lab equipment and
procedures in place
to reproduce this

profile.
If using high performance blended cement, ensure suitable Guidelines are
guality control measures are in place. Logistics and transiers given in this

must be covered in detail. Tanks must be cleaned and
inspected.

document and in
RP 65.
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across SWF zones, keeping in mind the potential for flow and

8. | For tight annuli and/or situations where the porefiracture window | Landmark Wellplan
is tight, computer simulations of ECD/pressure drops/surge model has a fully
pressures should use realistic rheology data which takes transient surge/
account of temperature effects (low temperature in the riser and | swab program to
close to seabed). Consider well site real-time monitoring and optimise casing
modeling for critical cases. Good teamwork with the mud running. Ml has a
contractor essential. realtime rig site .

system.

9. Ensure desired TOC's are clear and implications of failing to BoD to address.
meet them are clearly defined & understood.

10, Ensure potential impact of production temperatures are BoD.
addressed in the slurry designs for upper strings.

11. if significant shallow hydrates are present, consider if cement Check recent
heat of hydration, or subsequent heating from production, will industry
destabilise formation. There is liftle industry experience to date | experience.
of problems.

12, Compilete the Key Parameters Matrix of questigns for cementing

Appendix F of RP
65

the consequences of such flow. :
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What is different about deepwater cementing?

There are two main inter-related issues which cause most of the perceived
difficulty in deepwater cementing:

+ | ow seabed temperature - at, or close, to 40 deg F (0 deg C)
+ Over pressured water zones in shallow hole sections dnlled without the
riser connected

Cementing laboratory test methods and procedures are generally unable to
mimic these circumstances and this has resulted in inappropriate slurry
designs and well failures.

Hole conditions in the shallow sections are usually poor and this results in
inadequate mud (or annular fluid) displacement. Obviously, an inadequate
slurry, imperfectly placed, will neither support casing nor seal the annulus.
Unfortunately for the operator, the slurry design is the main source of revenue
for the cementing service contractor who frequently has little real control over
the issues around achieving good mud displacement.

The other issue which frequently presents a severe challenge is the relatively
high number of casing strings, with tight clearances, coupled with a narrow
poreffracture window in which to work. This places great emphasis on proper
planning and understanding of mud properties and hydraulics. Surge
pressures and circulating pressures are more critical, but at the same time are
more difficult to calculate. This is, again, partly due to the oversimplification of
the issues and a lack of sound laboratory data on rheological properties of the
mud at the temperatures which apply. Polymers can exhibit rheology which is
very sensitive to temperature — very thick at low temperatures. Similar
behaviour is seen with some oil muds. A powerful computer hydraulics
program is of little use if the data does not accurately reflect conditions in the
well. Themmal modeling and rheological profiling over the anticipated
temperatures is necessary. Pressure drops should not be based on simple
API rheology measurements at room temperature.
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' Some common misconceptions:

o Because the seabed temperature is very low, the cement must be
tested for strength development with this low temperature maintained
throughout the curing period.

o This is incorrect because the heat of hydration of the cement will
raise the temperature significantly (~ 50 deg F+)

s API Specification test schedules for Thickening Time can be used.

o Invalid for deepwater.
e Long WOC is inevitable.-
o Not true, but requires a lot of detailed engineering and testing to
establish confidence in time to (say) 100 psi.
e Using foamed cement will prevent a shallow water flow (SWF).
o It may, but only if optimaily engineered and applied.
« . Only a low density (light weight) slurry will be successful
o in deepwater, with a short cement column, the difference in
hydrostatic pressure will be very small
Only a 'high-tech’, expensive slurry will work :
Most service company labs have the equipment to design jobs for
deepwater

+ That ‘Transition Time’ can be assessed from a consistometer trace

: o Transition Time is a static property, the consistometer is a

dynamic test.

» Slurry design is more important than getting the optimum wellbore
conditions for cementing — good hole, good fluid (mud) properties, good .
centralisation, good displacement (physical & chemical)
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Slurry test temperatures — BHCT, BHST or Predicted
BHCT, PBHCT:

Generally, discussions about cement slurry behavior involve assumptions
about the temperature profile the cement will expenence during mixing,
pumping and displacement. Certainly for ‘'normal wells, it is common to use
‘so-called’ APl temperatures based on casing setting depth and static
geothermal gradient. The limitations of this approach are frequently ignored.
The industry ‘gets away with it’ simply because the APl temperatures are
conservative and allow for a very wide range of conditions. They are
successful simply because they are in common use and generally allow
cement to be placed without problems in the majority of non-critical wells.
They are not about ‘technical limit engineenng and if WOC time is planned, or
experienced, the approach needs to be challenged.

For Deepwater operations, the APl Temperatures are inadequate for the
following reasons:

» In the original data only a few points were available for offshore wells
and even this was limited to wells in less than 250ft water and water
depths less than 3% of TVD

» No account is taken of the cooling while cement (and other fluids)
circulate down drill pipe. This cooling is particularly severe when riser-
less. Cement can be cooled to around 4 deg C within a few hundred
feet of water -

» There is no valid way to extrapolate from the existing data setto
deepwater circumstances

» APl schedules are a very crude approximation of actual temperatures
even for simple, regular, wells

The API Schedules (derived from the equations rather than the old tables)
approximate both the temperature and pressure the slurry sees to a straight
line ramp from ambient to a maximum which is then held constant for the
duration of the simulation,
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Idealised Temperature history during placement

Tempentiure P
-~
/7 Deepwater casc

API- BHCT -/

In contrast, deepwater wells will subject the slurry to rapid cooling, followed by
a period at low temperature, followed by a steady rise to a higher temperature,
possibly reducing later. The approximate temperature history can be modeled
using a-wellbore heat transfer model such as the one in Schlumberger's
CemCade or.the Halliburton.Landmark model. BJ.use an_older version of the
WellTemp model which later became the Landmark model. All these computer
simulators can model the temperatures (with some assumptions) but all
require quite detailed circulation history and fluid property data. Obviously, this
is a matter of judgment and in inexpenenced hands the computer models can
be misleading and erroneous. Bracketing a wide range of scenarios, and
running a number of sensitivity studies, is very time consuming.

A common approach is to try to simplify this complex deepwater slurry
temperature history with something which approximates to the conventional
API schedule. This can only be done with confidence if there is a sound body
of test data using the same additive packages and the same source of cement
to support simplifying the test conditions. Even so, there are issues about ‘not
knowing what you don’t know'. Many slurries tested in retrospect at slightly
different conditions have exhibited unpredicted behaviour.

The above discussion refers to simulation of temperatures during placement.
Once the plug has bumped and the cement is static in the annulus, another
set of considerations come in {o play which again, in normal wells, are usually
neglected, but in deepwater can become crucial — particularly if either shallow
water flow or early support of casing (or conductor) is an issue.
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The chemical reactions which cause cement to set are exothermic. In a
‘normal’ well this is ignored when considering the temperatures to use to test
for strength development. Often the static geothermal temperature at the
particular depth is used as the curing temperature. In many cases, particularly
refatively small annuli, this is acceptable. In larger annuli - e.g. 30" in nominal
36" hole or 20" in nominal 24" hole — substantial temperature rises can be
expected during curing. Normally, these will provide an additional
conservative safety margin allowing (say) a conductor to be released earlier
than the lab test may indicate. The problem with deepwater wells for the
shallow, large diameter casings, is that the slurty starts from such a cold
temperature that it takes time before the exothermic reactions start to heat up
the cement. Once these reactions do kick in, the temperature will increase
substantially. In the past, service companies have encouraged operators to
believe that conventional cement at low temperatures in these strings does
not set up for considerable periods of time — e.g. 20+ hours for 100 psi. This
has been erroneously supported by tests run on small samples of cement
which are continuously cooled to (say) 4 deg C (39 deg F). In such tests the
heat of hydration is extracted by the coolant and the reactions are very
delayed. This has led to holding on to casing (particularly drilled and
cemented conductors) much longer than necessary. It has also resulted in
overselling of high cost additive solutions to combat non-existent probtems.

The whole issue is basically one of getting the lab testing to approximate to
the actual conditions which the cement will see during and after placement.
The industry is some way from being able to do this on a routine basis. It
involves considerable extra effort and expenditure in the cementing service
company lab. However, many of the service company deepwater slurry
designs are high cost/high performance solutions and sound engineering -
requires that this work is done, and done well.

There are two 1ISO documents which address issues around lab testing of
slurries for deepwater. These are: :

ISO/NWI 10426-3 to be titled "Part 3: Testing of deepwater well cement
formulations”, and ISO/NWIi 10426-4 to "Part 4. Methods for atmospheric
foamed cement slurry preparation and testing.”" Service companies should be
aware of these, have copies and follow the requirements laid out. If they do
not, they should explain in some detail why they do not comply.
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Slurry Properties to combat SWF zones:

The main functions of the cement are:

e Support the casing weight

¢ Seal the annulus

» Resist long-term loading — chemical, mechanical, temperature induced,
etc.

None of these are likely to be achieved without proper attention to mud
displacement. However, assuming complete replacement of the annular fluid
{water, mud, native mud?) with cement slurry, @ number a factors come into
play once the ‘plug has bumped' and the cement has become static in the
annulus. These can be summarised as:

« Need to maintain hydrostatic pressure above that of the highest
pressured zone
Require quick setting — minimum (zero) WOC
Minimum loss of mix water to the permeable formations due to hngh
overbalance

If hydrostatic pressure is not maintained, there is a risk that fluids will enter the
cement column and migrate. In the severest case, the cement can be pushed
out of the annulus and a blow out can occur. This case is the same as for
‘normal’ wells except that the temperature is low and the slurry lab testing
issues highlighted above are important. Based on MMS records, of the 32
blowouts reported during the years 1992 through June 2000, 11 (33%) were
caused by annular flows. During the first 6 months of 2000 alone, there have
been five blowouts reported to MMS.

Once cement becomes static in the-annuius and the chemical changes start,
hydrostatic head decays rapidly from its initial value (given by the sturry
density and height of column) to a value which can be below that of the
sumrounding formation pore pressure. This behaviour will 'suck’ fluid from the
formation into the slumry — again a potential to initiate a flow within the cement
column.

The rapid reduction in hydrostatic head will also remove the driving force for
fiuid loss to the formation. The requirement for cement fluid loss additives
should be reviewed against the overbatance dunng placement.

To combat flow, the transition from a fluid state (transmitting full hydrostatic
pressure) to a set and solid state, needs to be minimised. Once set, the
cement permeability will be the controlling factor and cement permeability is
generally very low ~ 0.1mD. '
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The requirement for this rapid transition is consistent with this second point —
minimum WOC. '

As previously discussed, in relatively large annuli, the temperature rise during
cement setling can be substantial. Obviously, this will positively impact the
transition from fluid to solid. However, in deepwater, a potential probiem with
this heat evolution may be dissociation of shallow hydrates. This aspect has
not attracted the attention which has been given to SWF zones destabilising
templates but may be a concern in some developments on future. Ways exist
to minimise this heat of hydration but, again, lab testing is challenging.

It is important to understand that the transition referred to above cannot be -
accurately assessed in a.conventional thickening time test. The Transition
Time needs to be measured in a device which applies a very low shearto a
fluid sample of slury follow a period of shear which mimics placement.

Ideally, the slurry would be tested in a consistometer at conditions of
temperature and pressure approximating those seen in practice up until the
time the plug bumps. The slurry would then be transferred to a static gel
strength measurement apparatus and the transition time measured. This
transition Time should be defined as the time from ‘plug pump’ to obtaining
500 Ib/100ft2. A period of 20 — 30 minutes is the best that is likely to be
achieved without compromising other aspects of slurry design which may
increase the risk of a poor cement job.

The apparatus used to measure such Transition Time is either a MiniMacs
Cement Analyser or a Vane Rheometer. These measurements are difficult to
do accurately and reproducibly but there are very crucial aspects of the slurry
design. Many of the high tech, expensive solutions for SWF cementing have
relied on achieving a short Transition Time. Being able to demonstrate that
what is being pumped meets the cnteria is a fundamental assurance step.
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Thickening Time and Transition Time

. . Static gel strength |-
Viscosity |
@b per 10042

pumping '

!

——
o
oY

L Ideal consisometertrace ="

time

The types of cement slurry design whiéh can dehver tﬁe necessary br&bénizzs
have the following attributes:

Ability to formulate at relatively low density (weak formations)

Rapid Transition Time

Reasonable strength development
Good rheology

e o o o

The use of calcium sulphate hemihydrate in a lightweight blend, with or
without rapid hardening cement or microfine cement has been a popular
route. There are many variations on this type of design and there are some
chemistries which do not rely on the hemihydrate and can-use the flexibility of
liquid additives. Because there are so many ways to put a design together, it
is important to concentrate on obtaining assurance that whatever the service
company proposes meets the requirements and

« that this is demonstrated by actual test data on exactly the cement and
additives which will be pumped
« and tested at conditions which do come close to those anlicipated.
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Without this assurance there is no reason to believe that the slurry will be
successful.

if the issue is not prevention of SWF but assessment of strength development
(e.g. earliest time to release a drilled/cemented conductor) then the testing
needs to be done under conditions which thermally match those expenenced
in practice. Refer to the bibliography in APl RECOMMENDED PRACTICE 65,
FIRST EDITION, SEPTEMBER 2002, Cementing Shallow Water Flow Zones
in Deep Water Wells. Several references deal with strength development
including effects of heat of hydration.
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Review of APl RP 65, First Edition, September 2002
Cementing Shallow Water Flow Zones in Deep Water
Wells

The Contents List of this RP document are reproduced below. Ideally, this
guideline document should be read along with the full RP but attention is
drawn here to the main issues.

Shallow water flow sands are typically encountered at depths of 600 ft - 2500
ft below mud line (BML). The conditions favoring the formation of shallow
water flow sands include:

a. High rate of deposition (> 1500 ft/million years) sedimentary basins
of current or ancestral river complexes, such as the Mississippi River
depocenter.

b. Areas with substantial regional uplifi, in which once deeply buried
sediments are encountered at shallow depths - North Sea, Norwegian
Sea.

¢. Continental slope regions subject to Iarge scale subsea
slides - Storegga Slide area, Norwegian North Sea.

Pore pressures equating' to 8.6 Ibm/gal to 9.5 Ibm/gal equivalent mud weight
(EMW) may be encountered in the SWF zones.

This [RP] document addresses the drilling and cementing process and makes
recommendations for such wells. Appendix F gives a matrix for this process
with values for each step. The resuitant score provides the user with a factor
of the relative chance of success of the cementation process. This process
and matrix are based on known industry practices and are meant to be used
to apply the process within the constraints of the well conditions with the
greatest degree of risk minimization. The process includes:

a. Site selection.

b. Dniling.

c. Fluid properties.

d. Wellbore preparation and conditioning.
e. Operational procedures and good cementing practices.
f. Mud removal and piacement technique.
g. Cement slurry design.

h. Pre-job preparation.

i. Cement job execution.

J. Additional considerations.

k. Post cementing operations.

Deepwater Cementing Guidelines — UTG Drilling Sunbury, December 2002
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Note that this document is not meant to be a training manual. Although fairly
comprehensive, there are still many details which are not discussed and
which must be addressed when dnlling and cementing wells in deep waler. It
is meant to highlight key parameters for increasing the chance of successfully
drilling and cementing casings where there is a nisk of shallow water flow and
to discuss options that are available. Many more delails can be gleaned from
the references listed in the Bibliography. Most of the information in this
document is from U.S. Gulf of Mexico expenience. The concepts can be
applied in other deep water environments with appropriate modifications. The
user should consult experts within the industry for specific details of the
cementing process relating to the technology being employed by a specific
company for a specific scenarno. The consiruction of the casings through the
SWF zones must be a team effort to be successful. All parties involved must
participate in the planning and execution of all phases of the process to
ensure successful construction of the conductor and surface casings.

. Remediation of flows.
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Section § Drilling draws attention to the need to provide good hole
conditions to obtain a good cement job. The use of PWD to control ROP and
maintain hole cleaning is discussed.

Further discussion of drilling practices is contanned in Appendix B.

Highlights the need for flow checks ‘monitoring for as long as an hour’.

Flows, if detected, should be kllled as soon as possible to avoid washouts &
mining.

Reference is made to the use of fluid loss control in the mud. Where there is a
high probability of flow this is good (ideal) practice. Unfortunately, obtaining
good fluid loss control in such hole sizes with a sacrificial mud could resuit in
considerable expenditure. In an exploration well this may not be justified
unless a pilot hole has indicated the presence of a strong flow zone. It is
important to consider risks v. cost. High risk could justify the high cost of a
fluid loss controlled sacrificial mud system. A low risk would not.

Hole condition will be important for centralisation of casing and displacement
of such sacrificial mud. A weighted and viscous mud (with fluid loss control)
will be difficult to displace unless hole conditions allow good centralisation.
Poor hole conditions, but with only seawater in the hole, might allow better
displacement (without centralisation) since the cement will easily displace the
waler by gravity. This is addressed further in Section 7 Fluid Properties and
Section 8 Wellbore preparation and conditioning.

Section 9 Operational procedures and good practices discusses inner
string cementing and casing hardware. It again draws attention to the
importance of centralisers emphasising the greater necessity for this if casing
will not be moved during cementing.

Use of inflatable packers in open hole is discouraged.

Also consult Appendix C which provides a basis for a check-list of topics
which will have to be addressed in the planning stage.

Section 10 Mud removal and placement technique draws attention to the
need for computer modeling of the displacement process. It is vital that this
modeling is done with representative fluid properties NOT some assumption
about what might be in the hole. Kill mud, pad mud, sacrificial mud ail pose a
threat to good cement placement unless their properties are optimised to
facilitate displacement. Do not assume that the mud company or the
cementing company will necessarily take the appropnate steps without
encouragement and supervision.

The importance of using the friction pressure drop hierarchy is mentioned with
a target of 20% — 30% greater frictional pressure drop provided by each
displacing fluid. Again, properties must be representative of what is in the
hole not a casual assumption about what may be in the hole.

Deepwater Cementing Guidelines — UTG Dnlling Sunbury. December 2002
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Section 11 Cement slurry design. This seclion discusses the approaches
used in the industry including the use of foamed cements and the concepts
around gel strength development. Foamed cement is thought to work very
successfully because of the intemal compensation for loss of hydrostatic
pressure which occurs as the cement hydrates and begins to build structure. If
interested in these issues you may want to access the parallel guidelines
"Cementing in hostile environments: Guidelines for obtaining isolation in
demanding wells. UTG December 2002" as well as the initial part of this
document.

Foamed cement, of course, can be designed for a wide range of densities —
low density being needed in many deepwater wells to avoid fracturing.

Foamed cements are the highest performing cements for low temperature and
applications requinng potential flow control (IADC/SPE 59136, IADC/SPE
59170, SPE 62957, OTC 8304, OTC 8305, OTC 11976). The performance
benefits of foamed cements are due to the following:
a. Compressibility of the gas in the slurry retains high pore pressure in the
cement column to resist flow into and through the cement.
b. Base cement is mixed at a normal or a lower water/cement ratio.
c. Density is reduced by the addition of a gas which has no effect on cement
hydration, setting time and strength development. The gas has a much lower
specific gravity than lightweight additives used in non-compressible
lightweight cements, thus allowing lower density cement with less sacrifice of
strength.
d. Foamed cement provides enhanced fluid loss control (three-phase system).
e. Rheological properties of the foam are beneficial o displacement in large
annuli.
f. Faster set and early compresswe strength development.
g. Higher ultimate strength.
h. Higher shear strengths.
1. Greater axial load bearing capacity.
2. Better hydraulic seal between cement-pipe and cemem wellbore
surfaces.
i. Durability is better than conventional cements due to the oellular nature of
the cement matnix (although other methods are available 1o produce highly
durable cements). -
). Flexibility to alter slurry design (density) throughout the cementlng operation.
1. Logistical advantage for operations.
2. Single blend or material can be pre-tuned to optimal density just prior
to use based on the actual well conditions known only after dnilling the
imerval.
3. Less sensitivity to density variations. Cement density can vary over a
range of 5 Ib/gal - 6 Ib/gal, with minimal effects on the properties of the
cement.

Foamed cement is also discussed in Appendix D and a check-list is included
to aid operational planning.

Deepwater Cementing Guidelines - UTG Drilling Sunbury, December 2002
Ashley Hibbert 20

CONFIDENTIAL BP-HZN-2179MDL00779781



L3oo

It is common to use a blended cement which is then foamed on location. This -
introduces two areas of risk which need to be assessed and addressed:

» blend quality control
» faomed cement job planning & execution

Both these aspects are addressed in the parallel guidelines *Cementing in
hostile environments: Guidelines for obtaining isolation in demanding wells.
UTG December 2002” See also Appendix E on pre-job preparations.

Laboratory testing and temperatures for testing are addressed in this seclion
but should be reviewed with the comments in the initial section of this
document.

Section 14 Cement Job Execution covers many aspects.of good practlce
which should be followed.

Section 15 Additional conslderations and procedures makes valid
observations on the differences when cementing with the riser in place and-
highlights the need for contingency planning. .

Section 16 Post cementing operations refers to operations after ‘the plug
has bumped’. WOC is discussed and attention is drawn to the issue of
determining the actual temperature profile the cement will be subjected to in
the annulus (again see ‘comments early in this document). A coffee cup of
cement stored in the-galley refrigerator is no guide to strength development on
a rig costing $300,000 per day! Proper test protocols and methods do exist
and should be in place. WOC is usually an admission of failure to plan.

Pressure testing of casing and LOT testing is addressed.
Section 17 Remediation of flows contains some general comments.

Section 18 Bibhography a good list of papers wnh more technical
information on various topics.

Appendix F is a matrix which attempts to list and score all aspects of the
planning and execution discussed above. This appendix is reproduced below:

Deepwater Cementing Guidelines — UTG Dnlling Sunbury, December 2002 -
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Key Cementing Questions for SWF.

APPENDIX F—CEMENTING MATRIX
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Guidelines: Handling Blended Cements, Specialty
Cements and New Technology blends.

Introduction

Blended cements result from blending dry cement and dry additives to
formulate a slurry which is typically of fixed density and properties. Specialty
cements/new technology blends are those of an ‘exotic’ nature, e.g. LiteCrete,
Tuned-Lite, Flexstone. They are typically systems without extensive field-
testing. Blended cements offer simplicity of operation at the well site, in that all
the blending of additives has taken place prior to the blend getting to location.
This allows the cementer to better attend to the well and job execution rather
than having to attend 1o mixing liquid additives. Specialty cements/new
technology blends are designed to offer ‘fit for purpose’ solutions that cannot
be handled by conventional means. They are multicomponent blends using
particles, polymers and other chemicals.

Careful consideration needs to be given to the selection of these cements. )
The biggest detriment t is the inflexibility of slurry parameters such as density,
rheology, compressive strength development and often thickening time and
fluid loss control. Whenever possible, liquid retarder/accelerator should be
used to allow for any variance in required pumping time should the well
mandate.

Blending times, depending on the complexity of the blend, can be long.
Sometimes as long as an hour per 100 sacks. Coordination of boats is
essential due to these long blending times. Depending on the vclume to be
blended, several days may be required. A good understanding of well bore
parameters is essential. Any unforeseen pressure ramp, or loss circulation,
can make the slurry of a blended cement ineffective with regard to optimal
mud removal or well control. Other potential problems are in the blending
itself. Poor blending techniques, inadequate bulk facilities, and a lack of
experienced blending personnel all add to the difficulty of obtaining a proper
blend. Such blends and specialty cements can be exceedingly sensitive to
contamination. - :

Once a blended system has been selected, a senes of quality assurance
steps need to be put in place to aid proper blending and minimize this risk of
contamination.
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Pilot Testing

Pilot testing is.the pre-testing of the slurry with laboratory stocks of cement
and additives that have passed routine QA/QC tests. The use of laboratory
water is recommended in these first tests. This allows a baseline for later tests
as well as assurance that the cement will fit the requirements of the well. A full
complement of tests should be performed, thickening times, rheologies, fluid
loss, free water, settling stability and compressive strength development.
Usually the blend design can be altered at this stage to fit the requirements of
the well.

Assuming that the blend pilot testing is adequate, cement and additives that
are to be used in the actual blending should then be tested. Once again, tests
for thickening times, rheologies, fluid loss, free water, settling stability and
compressive strength development and ultimate strength should be
performed. If available, tests should also be performed with the actual water

. from the rig which will be used on the cement job. This will allow for a
comparison of the actual additives and cement to those used while blending to
aid in determining possible contamination or inaccurate-blending. At this time
it would be wise to test for a maximum and minimum density allowable for the
blend. That is, how heavy can the slurry be mixed with this blend formulation
and how light can the slurry be mixed and still maintain adequate slurry
properties. Once again a full battery of tests should be run at these maximum
and minimum densities. Attention to the rheology is essential since unmixable
slurry may occur at the higher density and settling may occur at the lower
density. o

Bulk Facilities

The bulk facility where the cement is to be blended should be inspected. The
condition of the equipment, materials and personnel should be reviewed.

The equipment required is a weigh batch mixer {(or blender), typically 250 cuft
to 500 cuft capacity. This is used to weigh out the cement and additives. A
recently calibrated digital scale and printer should be installed on the tank.
Calibration records must be available and should be checked. In the event of
a failure to the scale or pnnter a backup should be readily available.

A holding tank of substantial size should be available. This will allow holding

of blended cement ready for transfer to a boat or other transport. Typical size

would be from 1,000 cuft to 3,000+ cuft. The bigger the better, so thatl
“blending can continue without the transport vessel being present.
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A transfer tank larger than the weigh batch mixer is also required. This will be
used to transfer the blend from the weigh batch mixer to the transfer tank
during the blending process. Also required is an additive bottle, or means of
adding the dry additives to the weigh batch mixer. A typical size is 200-300
cuft.

All equipment should be thoroughly cleaned and inspected befere any
blending is started. Sampling of the cement is necessary for assurance of the
accuracy of blend. Sampling may involve various methods - a series of
isolation valves to trap the flowing cement, a ball valve in an extended vertical
section of pipe, or an automated sampling.device are all effective ways to take
accurate cement blend samples. ’

Rock catchers should be installed inline; typically a screen that will not aliow
clumpedAvet coment onto the transport vessel. At a minimum, rock catchers
should be in place between the additive bottle and the weigh batch mixer to
avoid wet, or caked, additives from being introduced to the blend. Also,
between the neat cement and the weigh batch mixer to exclude clumpediwet
cement from entering the blend and at the discharge of the system to prevent
clumpedAvet blend from entening the transport vessel.

Due to the number of transfers of the blend, water from the compressed air.
supply is liable to accumulate. A good air dryer is, therefore; essential. It is

- recommended that maintenance records be reviewed to assure proper
operation. During blending the water trap should be emptied regularly, if
applicable. ' '

The materials to be blended shouid be inspected as well as the equipment.
All cement and additives to be used should be isolated and should be of the
same lot number (additives) and same mill run (cement). Excess cement and
additives should be available in the event of misblending or contamination. A
minimum excess of 20% is recommended above that which is to be blended.
In the event that the volume blended exceeds that of a consistent lot of
additives, or mill run of cement, all efforts should be made to obtain the same
lot and mill run. If differing lot numbers have to be used, the varying blend
should be treated as a different blend and contamination with the original
blend must be avoided. This can present logistical problems, requiring
separate bulk tanks on the boat and the rig to be utilized. The resulting two
slurries should be tested for compatibility. Risks should be assessed.

Personnel who are to be present during the blending should be interviewed.
Experience with the particular system to be blended should be reviewed. An
accurate estimated time to blend can be captured at this time. Concems with
the blending process can be unveiled as well, i.e. insufficient personnel
available for the timetable required. Laboratory personnel may need to be
present and such requirements should be set forth and agreed at this time.
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Blending Technique

The "Sandwich Technique” is considered to be the most efficient way of
blending cement and dry additives. Typically a third of the cement of one
batch is transferred into the weigh batch mixer. Then one half of the additives
followed by one third of the cement , then the remaining one half of the
additives, and finally the remaining third of cement. Between each addition of
cement and additives a printed copy of the scale reading is-required. The
sandwiched blend is now transferred between the transfer tank and the weigh
batch mixer. Six transfers are considered optimal.

On the last transfer of the batch a sample of the blend should be taken. The
sample should be large enough to perform the tests at the bulk facility as well
as the tests to be performed at the laboratory. One-gallon samples should be
sufficient. The sample should be tested by a qualified laboratory technician at N
the bulk facility. The blend should be mixed with the mix fluid from the rig and
the density checked (pressurized balance), and rheologies measured and
recorded. These results must fall in an acceptable range before the blend is
certified for placement into the holding tank and the next batch started. These
tests should be performed on each weigh batch mixer baich processing. At a
minimum, the first six batches should be fully tested to assure consistency
and allow the personnel to get comfortable with the process. If ime allows,
this should continue throughout the blending process. If time becomes an
issue, every second to third batch after the first six has been found to be
sufficient. All results of the testing are to be recorded. Only qualified personnel
are to verify the test results. If a batch is found out of the range of
acceptlability, that batch should be separated and not placed into the holding
tank. '

All tanks on the boatftransport vessel should be cleaned then inspected by the
service company and a BP representative prior to loading. Also, the means of
drying the air on the boat should be inspected for operational efficiency. The
watertight hatches on the boat silos should be inspected. Once a boat silo is
used for transport of blended cement, all effort should be made to avoid use
for anything else until the blending and transporting is complete. All potential,
possible sources of contamination should be identified and avoided.

Bulk Blend Laboratory Tesfihg |

During the blending process, samples that have been seen to represent an
accurate blend should be sent to the laboratory for further testing. Thickening
times, rheologies, fluid loss, free water, and compressive strengths should all
be performed. Tests should be carried out on the first half and the second
half of the blend. The samples from the first half are to be combined and the
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tests in the laboratory -performed. This will confirm accuracy of the blend
above and beyond that done at the bulk facility. The same test should be
performed on the second half samples as well. Once again comparing the
results to those of the pilot tests performed with the actual cement and
additives used in the blend.

Wellsite Requirements

Bulk tanks at the rig site must be cleaned, then approved by both the cement
service company and a BP representative. Ample silo space shouid be set
aside for the blended/specialty cement system. Often, with a new technology
or specialty cement system, the bulk load factor is unknown, or has a range of
expectations. This 'bulk load factor’ is the space 1 sack of blend will need in
its fluffed state. In other words, how many sacks of blend will fit into a certain
silo without excessive losses out the venl or over-flow line. This value, stated
in cubic feet per sack, should not be mistaken for the yield of the slurry.

A feel for the bulk load factor can be obtained during the blending process.
.Qualified service personnel should monitor the loading process.of the blend
and always be aware of the vent lines and the possibility of overflow. A
conservative error is always best when transferring blends.

Blend samples are to be taken during blowing onto the rig site. A typical
sampling technique on a rig is through a ball valve. For optimum sampling
through a ball valve, the valve should be placed in a long vertical section of
the delivery line. This will allow gravity to have minimal effect on the different
densities of the additives and cement within the blend. Whenever possible the
blend should be split into more than one silo. In the event of plugging, or
difficulty blowing down one tank, the other can be utilized while the ﬁrst s
being repaired and the mixing will not be adversely affected.

When transferring the blend from the transport vessel to the rig bulk tanks,
discharge pressure from the boat should be optimized. If the discharge
pressure is 100 high, excassive losses can occur. Typically, the losses will be
of the less dense materials in the blend, thus adversely affecting the
performance of the slurry.

To avoid any possible contamination of the blend while on the rig, the blend
tanks should be isolated from the other bulk materials such as neat cement,
barite, or gel. Avoidance of building mud while mixing cement will also aid in
minimizing the possibility of contamination. If possible, it is best to not even
pressure up the tanks of the other bulk materials as leaking valves are always
a possibility.
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Once the entire blend has been transferred into the rig silos, the tank volumes
should be verified. Ultimately, the best way is with calibrated weigh scales on
the silos. Strapping of the tanks - measuring the distance from the top of the
silo {o the top of the dry blend then calculating the volume - will often lead to
incondusive volumes and confusion. It will, however, offer a rough check of
the volume on board. Strapping of tanks is best performed 10-12 hours after
the transfer is complete to allow time for the blend to settle.

The rig blend samples should be sent to the service company laboratory for -
verification testing. The tests performed are similar to those for the bulk blend;
thickening time, fluid loss, free water, rheology, and compressive strength
development. All these tests are to be performed using ng samples of water.
As with any cement testing, compatibility of the spacer, cement and mud
should be reconfirmed and completed at this time. If differences occur in the
testing of this blend from previous tests, immediate repetition of the tests with
new samples is recommended. If the difference still exists, disposal of the
blend should be considered.

It is recommended that, as with any blend/specialty cement or new
technology, an experienced supervisor with knowledge of the new material be
present during the blend loading and mixing of the slurry. As an optional
backup, a service company laboratory technician on location during the mixing
operation may be helpful. Rheologies, density and temperature can then be
measured. With his/her experience with the slurry in the lab, observatlons
during the job may prove valuable.

A tesi mix of the slurry should be performed with the cement unit once the
blend is on the ng. This will assure that proper rate and density can be
attained. Beware not to allow the test mix volume to exceed that of the extra
blend available on board. Inspect the packings on all pumps for leaks and
possible wear. Inspect the densitometer for accuracy against that of the
calibrated pressurized scales. Also, check that the liquid additive system is
operational and accurate if one is to be used.

Samples of the slumy on the test mix should be taken and observed.

Once the test mixis complete verify the remanmng volumes of cement blend
and liquid additives, if applicable.

Check list to aid in getting blends and logistics of handling blends right.

:__ﬂ

Microsoft Excel
Worksheet
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References:

AP| RP 85, First Edition, September 2002 Cementing Shallow Water Flow
Zones in Deep Water Wells — includes further references.

Cementing in hostile environments: Guidelines for obtaining isolation
in demanding wells: Ashley Hibbert, UTG Sunbury, December 2002.

This document includes detailed review and design guidelines for
foamed cement. It also covers the use of reduced modulus cements
(E.g. Schiumberger's Flexstone) and considers mechanical testing for
complex loading. ) .

BP Shallow Water Flow web site (Mark Alberty UTG Houston) — includes
further references: :

http://ut. bpweb.bp.com/swi/

GoM: MMS Site with information and maps of locations where SWF incidents
have occurred:

http:/iwww.gomr.mms.govihomepa/offshore/safety/wtrflow.htmi

Contacts:

Service Companies:

Knis Ravi — Halliburton, Houston - Kris. Ravi@Halliburton.com

Frank Zamora — Hallibrton, Duncan - frank.zamora@halliburton.com
Simon James — Schiumberger, Clamart - siames@clamart.oilfield.slb.com
Bemard Piot — Schiumberger, Clamart - BPiot@clamart.oilfield.sib.com
Dan Mueller — BJ — dmueller@bjservices.com

Greg Garrison ~ Schlumberger, Houston garrison@sugar-land.spc.slb.com

Operators:

Mike Cowan — Shell
Glen Benge — ExxonMobil -~ glen.benge@exxonmobil.com
Craig Gardner — ChevronTexaco - Craig.Gardner@chevrontexaco.com

Others:
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Steve Cobb — Chandler Enginesring — scobb@chandlereng.com

Fred Sabins — Cementing Solutions Intemational -

I sabins@cementingsolutions.com

Robert Beirute, Ashley Hibbert, lan McPherson, Well Cementing Associates
RMBCONSUL @aol.com, ashley.hibbert@btopenworld.com,
ian.mcpherson@btinternet.com

uTG:

Nigel Last - Sunbury
Daryl Kellingray — Aberdeen

RP 65:
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