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Controlled gas exposure testing adds a direct
measurement to cement system qualification
tests
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During the transition of cement from a pumpable slurry to a solid state, maintaining and confirming a gas-

tight cement seal is essential. If gas migration does occur it can require costly remediation, well integrity

issues, and pose safety risks. That raises a series of important questions for cement design and qualification.

Such as “When does a cement system become vulnerable to gas invasion? How long does that vulnerability

persist for? Does the cement maintain pressure isolation while hydration is occurring?”

Laboratory testing of gas exposure during the transition from liquid to solid helps answer these questions by

directly evaluating cement performance under conditions that can lead to gas migration. Rather than solely

relying on indirect indicators, controlled gas exposure testing provides a direct assessment of whether a

cement system can maintain pressure isolation while hydrating. This helps turn a complex hydration process

into a clearer design decision.

Fig. 1. 7200 Cement Hydration Analyzer System

UNDERSTANDING THE TRANSITION FROM SLURRY TO SOLID
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S critical and uncertain phases of a primary cementing operation often begins onceo
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pumping has stopped. At this stage, the slurry has been placed in the annulus but has not yet developed into
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a solid barrier. Initially, the cement behaves as a fluid, transmitting full hydrostatic pressure throughout the

cement column. As hydration progresses, the slurry begins to gel and develop structural strength. Over time,

the cement becomes increasingly capable of supporting its own weight, resulting in a gradual reduction in

pressure transmission through the slurry.

This transition period is important because the cement has not yet developed the properties of a fully set

barrier. Fluid loss to the formation along with shrinkage can contribute to a reduction in cement pore

pressure. If pore pressure falls below the pressure of an adjacent gas bearing formation, gas may enter the

column and create channels.

These channels cannot be described by a single cement property, but through a combination of different

tested properties. Thickening time describes the period at which the slurry remains pumpable. Static gel

strength characterizes development of structure within a slurry. Compressive strength measures information

about the development of the hardened cement. Each measurement answers important questions, but none

directly observes how a hydrating cement sample responds when subjected to external gas applied to the

cement.

Fig. 2. The cell for the cement hydration analyzer showing where gas is injected and water confining pressure, along with where

pore pressure and temperature are monitored.

The 7200 Cement Hydration Analyzer (CHA), Fig. 1, was designed to directly observe how a hydrating cement

sample responds to an applied gas pressure differential during the transition from slurry to solid. In simple

terms, the CHA measures whether a hydrating cement system maintains pressure isolation when subjected to

a controlled gas pressure challenge.

MEASURING THE PRESSURE RESPONSE OF HYDRATING CEMENT

The measurement performed by the CHA is relatively straightforward. A cement sample is placed inside a

pressure vessel and subjected to controlled temperature and pressure conditions, Fig. 2. During the

hydration phase of the cement slurry, nitrogen can be introduced at the bottom end of the cement slurry

while pore pressure is measured at the opposite end. The experiment then establishes a pressure differential

across the hydrating cement.
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The instrument then monitors whether the applied gas pressure is transmitted through the hydrating cement

sample by observing changes in pore pressure and gas flow response. In one outcome, the cement develops

sufficient isolation and the nitrogen pressure applied at the bottom of the sample is not transmitted to the

pore pressure measurement at the top. The graph will then show that the pore pressure continues to

decrease or stay the same after initial cement gelling and the H₂O confinement pressure is gradually isolated,

Fig. 3. This shows a cement slurry that passed the test and is good to go.

Fig. 3. Showing when gas migration occurs due to the increase of the pore pressure after initial hydration. This indicates that gas 
migration is occurring.

In the second scenario, gas migrates through the cement structure. As this occurs, the measured pore

pressure begins to rise after an initial decline caused by cement gelation and the gradual isolation of the H₂O

confining pressure. This increase in pore pressure indicates slurry failure and confirms that gas migration is

occurring through the cement, Fig. 4.

The instrument records several variables simultaneously such as cement pore pressure, nitrogen injection

pressure, cement temperature, H₂O Confining pressure, flow rate, and elapsed time. The value of the

experiment comes from examining the relationship among the measurements rather than interpreting any

individual curve independently. It also uses inexpensive disposable cylinder bodies for the cement sample as

well as allowing unattended operating of testing after initial setup.

The CHA enables evaluation of multiple gas migration scenarios, ranging from severe to less severe cases. Its

flexible configuration supports a variety of testing conditions, providing a more comprehensive understanding

of potential downhole environments and gas migration behavior.

Fig. 4. Showing when gas migration does not occur as the pore pressure remains relatively constant. Showing a go case scenario

of a cement slurry.

The flow rates can also be used as raw data to make an approximate calculation of shrinkage or expansion of

the cement and the volume of gas which entered the cement sample.
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One of the principal differences between the CHA measurement and a conventional endpoint measurement

is that the instrument is observing a dynamic process rather than simply determining a property after a

specified curing period.

The sequence may show the slurry heating to the programmed test condition and initial pressure equilibrium,

followed by gradual pore pressure decline and development of the hydration temperature response. Lastly,

when nitrogen is introduced, the system may show either continued pressure isolation or pressure

communication.

Viewing these measurements on a common time axis helps distinguish the various stages of the experiment.

The CHA is not simply a gas flow apparatus but a multi parameter system for observing how pressure

transmission changes as cement hydrates.

COMPARATIVE EVALUATION OF CEMENT FORMULATIONS

One of the most useful applications of the instrument is comparative testing. When considering between two

cement formulations intended for the same well conditions, the CHA can subject both formulations to the

same gas exposure protocol while the laboratory controls variables such as slurry preparation and testing

conditions.

This allows the engineer to evaluate how different formulations respond to the same pressure challenge

during hydration.

HOW THE CHA DIFFERS FROM ULTRASONIC CEMENT ANALYSIS (UCA)

The CHA addresses a different measurement than the UCA. The UCA monitors changes in ultrasonic

transmission through cement as the material cures. Those measurements correlate with compressive

strength development and provide information about when the cement begins developing strength.

The CHA examines a different aspect of cement behavior. Rather than measuring strength development, it

evaluates whether the hydrating cement can maintain pressure isolation when challenged by an applied gas

pressure differential. Instead of asking, "How quickly is the cement developing compressive

strength?" the CHA experiment asks, "Does the hydrating cement maintain pressure isolation when exposed

to a controlled gas pressure differential?"

The distinction is significant because mechanical strength development and hydraulic isolation are related

but do not have identical properties. A cement system can develop strength while simultaneously undergoing

pore pressure reduction, shrinkage, and changes in permeability.

For this reason, UCA and CHA measurements should be considered complementary rather than

interchangeable. Together with thickening time, rheology, fluid loss, and static gel strength, these

measurements provide a broader description of cement performance.

APPLYING CHA RESULTS TO CEMENT SYSTEM QUALIFICATION

The CHA does not reproduce an entire wellbore. Instead, it isolates several variables associated with gas

migration and places them under controlled laboratory conditions.
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The purpose of the CHA is therefore not to predict a specific field migration distance or determine the

minimum required cement column length directly. Its purpose is to characterize how a cement formulation

responds to a defined gas pressure challenge while hydration is occurring, with a go/no-go response

indicator. Field interpretation still requires the laboratory results to be combined with well-specific cementing

analysis.

The forward path is not to replace established methods, but to connect them. Laboratory qualification, well-

specific modeling, placement surveillance, and post-job cement evaluation each answer a different part of the

barrier question.

Controlled gas exposure testing can help engineers reject vulnerable formulations earlier, compare

alternatives on a consistent basis, and document the reasoning behind a cement system decision.

CONCLUSION

The value of the CHA is not that it replaces existing cement tests, but that it measures the behavior those

tests do not directly observe. By monitoring the pressure response of a hydrating cement sample during

controlled gas exposure, the instrument provides a direct assessment of pressure isolation development

during one of the most critical stages of a cement job. When combined with conventional cement laboratory

testing, the CHA contributes to a more complete understanding of barrier performance and gas migration

risk.

CUTLINES:

Fig. 1. 7200 Cement Hydration Analyzer System

Fig. 2. The cell for the cement hydration analyzer showing where gas is injected and water confining pressure,

along with where pore pressure and temperature are monitored.

Fig. 3. Showing when gas migration occurs due to the increase of the pore pressure

after initial hydration. This indicates that gas migration is occurring.

Fig. 4. Showing when gas migration does not occur as the pore pressure remains relatively constant. Showing

a go case scenario of a cement slurry.
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