AAPG Short Course Program - E&P Methods and Technologies

TITLE: Enhanced Use of Well Site Gas Data and the
Influence of Technology.

OUTLINE: This seminar illustrates how to effectively use chromatographic gas ratio
analysis in reservoir evaluation and geosteering applications. It identifies
limitations, where they occur, and how to still utilize the data. In addition,
the course identifies the problems with current gas extraction techniques
which result in poor quality of data and illustrates how changing
technology is greatly improving the quality of source data.

INSTRUCTOR: DAVE HAWKER

INTRODUCTION

Allowing for the lag time required to circulate the drillinigifl from the bottom of the hole back to
surface, analysis of formation gas released and entraméukidrilling fluid provides an immediate
appraisal of reservoir potential.

This short program demonstrates how real-time chromatographlgsanof light hydrocarbons can
provide effective fluid characterization with the identifioa of fluid changes, zones and contact points,
as the reservoir is being penetrated.

The clear advantage of this is that reservoir fluidsaan@yzed immediately, before contamination by
mud invasion can alter the characteristics of formationdlaidjacent to the borehole, which can often be
detrimental to subsequent electrical analysis.

In addition to such reservoir analysis, high speed chromatographlgsis also provides the necessary
resolution for the technigques to be applied to the steering ridontal wells. While Logging While
Drilling (LWD) is an effective technique, it is also an exgiga one and costs can be dramatically
reduced by the application of gas analysis to geosteering. A flnehefit is often realized through more
rapid course corrections (depending on the relationship betweédmi&agnd penetration rate versus tool
placement, and when changes are recognized at surface) minimizing the amdesedfpay.

However, predictions based on gas analysis have, on occasion, psovedrtisleading or even false.
This has led to some skepticism and lack of trust is seurce of data. Understanding the processes
involved in gas extraction and analysis helps to allewiaite mistrust, so this program also aims to
characterize some of the possible problems that can be encountdrémbva they can be taken into
consideration to provide effective analysis.

Unfortunately, one of the major sources of error is in the equipiteelf. Agitation based gas extraction
is subject to many variables and produces many unknowns in théngegials measurement. This is well
recognized in the industry and techniques have been developed to try to improvedithig/quedture of
the gas data. The final part of this program analyzes thelafgnent of a new extraction technique,
utilizing a gas permeable membrane, rather than physidatiagi that provides a fully quantitative gas
measurement. This removes virtually all of the inconsistermnels sources of error in present gas
analysis, resulting in consistent, repeatable, quantitative dastlua can be reliably applied to the
applications described above.
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FLUID CHARACTERIZATION USING GAS RATIOS

Fluid characterization can be made with a number of differaottethniques. The chromatographic gas
ratios most applicable to real-time analysis and geadstgare the Wetness, Balance and Character ratios
published in the mid 1980’'s by J.H.Haworth and M.Sellens, togetherAnitihittaker (AAPG Vol 69

No 8, Aug 1985) and R.L.Gurvis (SPE 12914, 1984).

These ratios are calculated and plotted real-time, providingnanediate appraisal of the formation fluid
character, as the well is being drilled. The values, oglahips and separation of these ratio curves are
used to determine the hydrocarbon fluid type. Relative changes$ gnawity and gas wetness can be
determined, as well as the actual gas/oil and oil/water contact points.

The Wetness Ratio (Wh)

The wetness ratio shows an increasing trend as gas and oilydeastses, i.e. as the amount of heavy
gas components increase proportionally against the lighter gases.

C2+C3+C4+C5 |

Wh= 100
Cl+C2+C3+C4+C5
Wh Fluid Type
<05 non-productive, non-associated dry gas
05-175 gas, increasing in density, or wetness, as Wh increases
17.5-40 oil, increasing density (decreasing gravity) as Wh increases
> 40 low gravity or residual oll

Balance Ratio (Bh)

The balance ratio is a direct comparison of light to heavy hgdooos and, for interpretative purposes, is
used together with the wetness ratio.

__Ci+cC2
C3+C4+C5h

Bh reacts inversely to Wh so that it decreases asultedensity increases. It is used to determine, or
confirm, gas production potential. The value will be very high wéfty dry methane for example, then
fall rapidly as soon as there is a trace of the heavy hydrocarbonsatssg@ath a productive source.

Table 1 shows exactly how the two ratios are used, numerically, to detdimise zones.

In practice, a very simple “egg-timer” type profile (Figurge or relationship, between the wetness and
balance ratios is used to determine changing fluid type and contaat. point

If the balance ratio is greater than the wetness ratioisdasing predicted. The closer the curves are to
each other, then the denser the gas and the more likely it is to be waduct
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Balance Ratio | Wetness Ratio | Reservoir Fluid and Productiond@®ential

>100 Very light, dry gas
Typically non-associated and non-productive suc
the occurrence of high pressured methane, metagenic
cracking below the oil window, bacterial methane gtc

<100 <0.5 Possible production of light, dry gas

Wh<Bh<100 | 0.5-17.5 Productive gas, increasing in wetness as the curnves are
closer together

<Wh 05-175 Productive, very wet gas or condensate or high gravity
oil with high GOR (Bh<Wh indicates liquid, but Wh
still indicates gas)

<Wh 17.5-40 Productive oil with decreasing gravity as the durve
separation increases

<< Wh 17.5-40 Lower production potential of low gravity, low
saturation oil

> 40 Very low gravity or residual oll
Table 1 Fluid characterization using the wetness and balance ratios
Wh If the wetness ratio is greater than the balance ratio,

-
—
— o

RESIDUAL OIL

oil is being predicted. The closer the curves are to
each other, then the lighter the oil. The greater the
separation of the curves, then the heavier the oil and
the more likely it is to be unproductive or residual.

The gas-oil-contact (GOC) is therefore defined by
the cross-over point of the two curves.

The oil-water-contact (OWC) is typically
determined when a sharp increase in the wetness
ratio, accompanied by a greater separation of the
two curves, reflects a greater proportion of heavier
hydrocarbons associated with residual oil traces.

\
\
\
\
1

Figure 1

Typical fluid and contact profiles

of the Wh and Bh ratios

Character Ratio (Ch)

By comparing the heavier compounds (propane — pentane), the chaa#iotés used to qualify a gas
prediction from the wetness/balance ratios. The charaater confirms whether a gas prediction is
indeed a gas zone, or whether the gas is associated with oisigrtiicance of comparing these three
compounds is that C3 will typically be more predominant in a gasrvoir, with lower amounts of
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C4/C5. All the heavier components will increase as the fluigsitde increases, but C4 and C5 will
increase proportionally in the case of light olils.

C4+C5
C3

Ch =

IfCh<0.5 With C3 the major component, the presence of a productseplygse is
confirmed, indicating either wet gas or gas condensate.

If Ch>0.5, The presence of a productive liquid phase is confirmed, tsin¢hgas indicated
by the wetness ratio is associated with light oil.

The character ratio should be used to qualify all Wh/Bh ratigogedictions, but it is most useful in a
very specific situation. When the wetness and balance ratiecare close together, it is difficult to be
specific about the fluid type. A wet gas, gas condensate ahddipcan, compositionally, be very

similar, so that they will yield very similar ratio valudsy only considering the heavy components, the
character ratio helps to determine whether the productive phase isajlas or

RESERVOIR PROFILING

Figure 2 shows an example of how the gas ratios determine fluid variationsraack oints.
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Figure 2 Fluid characterization, of a reservoir section, with gexsra
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Figure 3 (A — D) shows gas ratio trends for typical reservoir profiles
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Example 3A

Here, the Wetness/Balance cross-over is lithological, as wellidsased, with the well entering straight
into an oil bearing reservoir with no true gas-oil contact.

The curve separation through the zone suggests medium gravignailthe oil water contact is
determined when there is a greater degree of separation resutimgdavier, residual oil.

Example 3B
In this example, the top of the reservoir is identified when tHenba ratio drops to show a more
productive gas. The top of the reservoir is a gas cap astbesayradually come together, indicating an

increasingly heavier gas as the oil zone is approached. &heilgcontact is seen when the two curves
finally cross.

With the higher wetness and greater separation from the baladower gravity oil is predicted in this
example.

Example 3C

Productive gas zones are indicated when the balance rati¢bilisv 100) in relation to the background
formation gas level. At the same time, the wetness ratio increases andjesrose the balance ratio — the
closer the curves come together, the heavier the gas.

Typically, any gas-water contact will be evident from thgos returning to a light, normal formation
type gas composition.

Example 3D

When Wh and Bh cross, in this example, to indicate the top of tkevoas they remain very close
together. In this situation it is very difficult to determite ffluid type between condensate, gas or ail,
although the character ratio can be used as an extra indicator.

With lower Wh, and the curves quite close together, the main zone is a &ty oil.

The oil-water contact acts inversely to what is normaeMyected — in this case, more light gas is evident
from water than heavier gas from any residual oil.

Figures 4 and 5 show log examples of reservoirs profiled with the gas ratios.
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Figure 4  Ratio determination of a high gravity oil bearingdsavith gas response also
indicating produced gas (in addition to liberated) illustrating &fom pressure
and permeability.
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Figure 5 Gas ratio determination of gas-oil contact and changingwii/gra
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THE GEOSTEERING APPLICATION

Accurate fluid characterization and determination of contact gdmbugh real-time high speed gas
chromatography provides the mechanism by which to steer horizontal latglfally through zones of
interest.

Ideally, the gas ratios and curve profiles, for a particular edigerest, should be known before steering
a horizontal section, either through a vertical pilot hole or reliabtebffata. The ratio signatures through
the zone can therefore be established and contact points detrrthius establishing “controls” for
steering the lateral sections of horizontal wells.

Wh —

Total ChromaiGas Bh —

Water

7D

Figure 6 Establishing ratios for geosteering

In figure 6, the zone of interest, with high gravity oil, is dedimy the higher gas levels recorded and by
the balance ratio being slightly less than the wetness rataiefal section can be drilled within this zone
by maintaining this ratio profile and separation (as demonstratedine fig.

If the balance ratio was to start increasing and cross overgehter than the wetness ratio, then
it is clear that the bit has come up out of the oil, into tlsezgae, and the well course needs to be
corrected in a downward direction.

If the balance ratio was to decrease and wetness ratio secredh the curves showing a rapid
separation, then it is clear that the bit has passed thrdwgbiltwater contact, and the well
course needs to be corrected in an upward direction.

In addition, course corrections can often be made faster througysianal gas data, maximizing the
well’'s trajectory within the pay zone. For example, the well indbdrilled at a penetration rate of 5 m/hr
and the LWD tool is located 10m behind the bit:

2 hours are required for the LWD tool to catch up with theldgth and by the time that fluid
changes are seen at surface, the bit is 10m beyond the zone, requiring alasgecarrection.
With a typical lag time of 1 hour, halve the time is requirattifie same fluid change to be seen
at surface (figure 1), leading to an earlier course correctioncaluded bypassed pay.
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Figure 7 Fluid contact identification and course correction
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Figure 8 Gas ratio geosteering often leads to faster coursetmmrsesnd increased pay.
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Geosteer 1

Figure 9 shows the profile of a well that is being steeredraf to the horizontal, at the beginning of a
lateral section, passing through an oil bearing sand section into basal shal

The reservoir top is determined at 1710m (1659 TVD) where all dtographic gases show an increase
above background and where the wetness and balance ratios cras3hivgsin-points the gas/oll
contact, above which, there is a metre interval where theatias roverlap. This could suggest a shallow
interval of wet gas, condensate or lighter oil with a high a@jasatio. With the character ratio, at this
point, hovering just above 0.5, it is not definitive but would suggiéstith a higher gas saturation at the
top of the main zone.

The well is steered around to the horizontal with the intenticdrithihng laterally through the oil zone.
As the well passes vertically through the reservoir, tlaelgal separation of the wetness and balance
ratios shows a medium to heavy oil with slightly decreasing dsBVity with depth. Throughout, the
character ratio ranges between 0.5 and 1 confirming an oil bearing reservoir

At 1739m (1662m TVD), all of the chromatographic gas levels drop, theesgeand balance ratios show
a greater degree of separation, the character ratio insrdemmatically and the penetration rate slows.
The changes in ratios are characteristic of a heavy, resaduaidicating that the oil-water contact has
been passed through.

In this case, it is not strictly a contact since itncades with a transitional change into shale. The top of
the clean shale is clear, at 1756m (1662.2m TVD), where the wetméslance ratios cross back over
to indicate a normal formation gas ratio profile.

The cross-over of the wetness and balance ratio curves at Y@ddinfrom a trip gas peak, where there
is a characteristic proportional increase in light end hydrocarbons dhusegh swabbing.

Geosteer 2

The top of the reservoir (figure 10) is identified where Wetness and balance curves cross over at
1101m (1003m TVD), indicating a change from gas to a light oil. Tlrecwves then remain closely
separated through the section, as the well comes round to a hafizmmetimes criss-crossing. This
pattern, as explained previously, could indicate either light oil with a high @@Rondensate type fluid

or a wet gas, but in this case, the high character ratio eahfé@ms that the gas is associated with light
oil.

The relatively high character ratio in the gas zone above 1101mdshoulead to confusion. This is
resulting from the heavier gas components present in the backgrasmdadings, a proportion of which
is recycled or contamination gas.

Shaly basal laminations are seen at 1034m (1007m TVD), initradigated by the drilled cuttings and

slower ROP. They are confirmed as the chromatographicaassvdrop off and the gas ratios predict a
heavier fluid composition at the base of the reservoir.
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Geosteer 3

Here (figure 11), the top and base of a dipping sandstone resexndiecclearly distinguished from the
gas ratios, allowing for effective geosteering.

Gas levels start to increase immediately above tlevweis contact, with the wetness and balance ratios
close together and criss-crossing indicating a wet gas/lightansition. The top of the reservoir is
evident at 1806m (1662.2m TVD), where gas levels increase seymtiff and the wetness and balance
ratios show a definite separation indicating a medium gravity oil.

The separation of the curves is maintained throughout tkisalatection until the base is penetrated at
1907m (1662.5m TVD). Entry into basal shale is defined by the dropdreyels, and by the wide
divergence of the ratio curves showing a more residual fluid.

Note that shale laminations are frequently encountered, for exaanpl860 and 1870m. These are
identified, first, from the cuttings and ROP changes. They ardrewdf by momentary drops in gas

levels, accompanied by a separation of the wetness and bakdiee indicating a heavier fluid
composition.
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Figure 9 Log for Geosteer example 1
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Figure 10 Log for Geosteer example 2
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Figure 11 Log for Geosteer example 3
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LIMITATIONS TO GAS RATIO ANALYSIS

Rather than the specific ratio values defining fluid typeisig taken as absolute, the ratios are used more
effectively if these are taken as a guide only. Far morngoitant, especially in the geosteering
application, are the trends and relationships between the cimaesléarly define fluid changes and

contact points.

Precise ratio values can vary for a number of reasons amgkdfas absolutely defining points, erroneous
evaluations can result. If used correctly, however, these fianta actually provide additional

information in terms of reservoir evaluation

Variations in hydrocarbon composition:
Heavier oils may contain proportionalless of the light hydrocarbons (principally methane,
sometimes ethane) leading to higher wetness values and lowaacédahtios. Therefore, Wetness

Ratios in excess of 40 can still result in a productive zone ciedlgeconsidering that, what was
classed as non-productive in the mid-80’s may be far easily produced nowadays.

Dry productive gases can result in Balance Ratios in exafe$80, so again, the defining point of
what is, and what is not, productive, has to treated with care.

Processes affecting the release of different gas componembsthe drilling fluid:

If a zone is underbalanced and producing, a proportiooegasein the light hydrocarbons is very
typical, leading to lower wetness and higher balance ratios.

Depending on the size of drilled cuttings and the efficiency ofibastion, a tight formation may
see agreaterretention of heavier components by the cuttings, leading to lowgress and higher

balance ratios.
If permeable zones are prone to flushing prior to, and during, peoetrtiien any hydrocarbons

flushed away from the zone ahead of the bit will, clearly, noibdmzated into the formation. This
would clearly have an impact on any subsequent analysis andestghin potential zones being

missed.

Extraction of the gas from the drilling fluid:

Low viscosity mud may result in poorer retention of the ligid gases, especially methane, which
may be lost in the surface system prior to sampling.

Heavy, viscous drilling fluid may reduce gas trap efficiency so that, propalty, lessof the heavier
gases are extracted, resulting in lower wetness and higher baltinse r

Mud type, gas composition, phase and solubility — see next section.

Gas trap extraction efficiency and inconsistencies — see next section.
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THE PROBLEM WITH GAS TRAPS

Gas Behavior

Gas can exist in two distinct phases in a drilling fluid, either in soluwir as an emulsion of bubbles. The
behavior of methane (for example) in solution differs greathynfthe behavior of methane in an
emulsion. Different types of fluids (including air) exhibitfdient solubility factors and thus different
characteristic curves of gas concentration by volume. The gpsisdran extremely non-linear device
which has been the principle method used in the extraction dhghidling fluids. Unfortunately, it's
behavior is quite different for the two states of gas in drilling fluid.

The characteristic curves for all fluids will meetwbtcommon points, at 0% concentration, and 100%
concentration. At 0% concentration, there is obviously no gas touneeanad the reading will be zero
regardless of the fluid type. At 100% gas concentration, thenelyisgas present, so again, the reading is
unaffected by fluid type, since there is no fluid.

Between these two points, a complex mathematical relatpesists where some gas is dissolved in the
fluid, and some is present as bubbles (an emulsion).

Gas Trap Non-Linearity

Current gas-trap based measuring systems exhibit large meamidy in response due mainly to the
crossover between gases in solution and gases in bubble forns thagais, in effect, a mechanical
converter that converts a percentage of gas in the mud, veaichot be directly measured, to a
percentage of gas in air, which can be directly measured.

Dissolved gas will be broken out by the mechanical agitatiod,ramoved at a fixed rate by the gas
sampling equipment through the sample line. Air will be re-introduci® the trap at the same rate, thus,
the percentage of gas measured will approximate thel gmt@entage in solution. From this, it can be
seen that the sample flow rate will influence the gas reading affe t

As the gas percentage in the mud increases, howevdlt,riégach a point where the mud is saturated with
all the gas that can be held in solution, and the remaining daexisil as free bubbles in the mud. These
bubbles will displace air in the trap canister, thus falé®treasing theapparentconcentration at the
sampling point, not by increased percentage of lyaisby decreased percentage of dinis phenomenon
is known as trap saturation or loading.

At some point, the amount of gas released from bubbles will exceeanitnent of gas drawn out by the
sampling system (as well as the amount of air drawn irt)thi& point, the apparent gas concentration
soars to 100% and becomes totally non-representative of the egtuantration in the mud, since no
more air is being drawn into the canister. This is pedciwhy current gas trap designs can indicate an
abnormally high gas concentration when there is no noticeable bubblthg flowline, or reduction of
mud density. If the gas concentration were indeed as highoftersindicated, a well blowout would be
well underway!

Trap Limitations
Conventional traps break gas out of solution from the drilling munn it returns from the wellbore to

surface, by rapidly rotating blades literally beating thelmas it passes through the trap assembly. The
extracted gas collects in a vessel surrounding the blades,where it is drawn off and carried to the
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actual gas detector by an air pump. This type of arrangemsrselraral limitations and drawbacks that
prevent it from being a wholly reliable source of gas sampling.

As well as the trap saturation described above, traps also havddhénglliimitations: -

Any variations in the mud level at the trap location (normaditricted to the shaker box) result in
varying volumes of mud being sampled. At the same time, th@laime in the trap varies inversely.
This leads to inconsistent levels of gas extraction and changes nemtpgeas concentration.

The efficiency of gas extraction decreases as mud density and viscos#yse, making comparisons
and correlation of data difficult.

The efficiency of gas extraction varies as the gas coitiposchanges. Lighter hydrocarbons
(methane and ethane) are easier to extract whereas heavier camgorograne, butane and pentane)
are more difficult, resulting in greater proportions of lyegas remaining in the mud and going
undetected. This is illustrated is figure 12, where it can be $e# much of the gas, dissolved in
water, goes undetected.

Gas Remaining
(% of initial amount)
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Elapsed time (minutes)

Figure 12 Gas remaining dissolved in water after prolonged agitation

Extracted gas is diluted in a large volume of air withintthg, sample line and drying vessels. Such
dilution results in extended gas responses and poorer definition ofcdraaties in gas levels.

At high gas concentrations, gas may be extracted from the naudratater rate than is being drawn
off by the sample pump. This leads to an increased concentration amtevol gas within the trap
vessel, which takes a longer period of time to be exhausted. Sycloading leads to erroneously
high gas measurements with delayed and dampened gas responses.
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All of the limitations described above result in an extrgnaglalitative gas-in-air measurement. The
relationship between this measurement and the actual volume eftyained within the drilling mud
is an unknown.

The sample line carrying the gas from trap to detector cah tie a delay in analysis of several
minutes depending on the distance and on the efficiency of the pump.

Sample lines are prone to freezing in cold temperatures ariek theavier gases condensing to a
liquid phase, so going undetected.

To minimize freezing, the gas sample requires drying. Unfotynatrying agents may absorb some
of the hydrocarbons, reducing measurements. Should the drying agent beatunated,
hydrocarbons may be released at a later time, effectiveltaminating current gas measurements
with gas from an unknown source.

Conventional dryers and filters require constant maintenande reqilacements required at least
daily, often even more frequently.

The trap is mechanical and therefore prone to changes in efficieddp areakdown.

THE MEMBRANE PRINCIPLE

A new extraction and detection system developed by Datalogdfi)r utilizes a semi (gas) permeable
membrane, a passive device that facilitates the transteregtraction of gas from any drilling fluid
(Brumboie et al, 2000; Hawker 1999, 2000).

air inlet : _
gas exhaust explosion proof unit
housing detector
signal cable

probe &

membran
flexible hos

Figure 13 GasWizartf, using membrane extraction of gas
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Very simply, this device eliminates the conversion step frosaiganud to gas-in-air, making it possible
to determine the gas concentration, in percentage by volume nedtiai the mud system. This enables
the quantitative measurement of gas concentration, over theahge of possible concentrations, in
various drilling fluids.

Gas permeation through the membrane wall is driven by the ehfferin partial pressures (in other
words, the gas concentration) on either side of the wall. In etbeds, if gas concentration is kept to a
minimum, by continual evacuation, on the inside, then any gas on thieleowf the membrane will
generate a positive partial pressure gradient, and transfer d@ossmbrane is facilitated.

The volume of gas that passes through the membrane is ydiggcibortional to the actual gas
concentration, by volume, in the drilling fluid. Therefore, the qta@inte gas value can be determined
from the actual volume measured and the permeation rate of the gas througmthrame.

This requires modeling of the gas behavior, whether dissobrefree, in different fluids. This is
illustrated in figure 14 for the solubility of methane, for white system is currently operational as a
detector. The user simply selects the appropriate mud tytmaisthe right correction factor is applied to
the algorithm.

Membrane response
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Figure 14 Membrane response modeling

The system is currently operational as a methane detectthr, avchromatographic version under
development and trials.
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Evaluation Differences and Advantages
Quantitative Measurement

Values recorded are a true measurement of gas volume in mudjimgomnuch better data for the
geologist and engineer.

Erroneously high gas values, maybe in the order of 70, 80%, oréylesr, are not be recorded. These
large values result from trap loading, where gas bubblesadesg@ir from the trap and/or where gas is
extracted from the mud at a quicker rate than it is being eadcom the trap (Figure 15). The
concentration therefore builds up in the trap, leading to erroneowgiyvhiues that will take a longer
period of time to be completely vacated from the trap.

Response Time and Sensitivity (Figure 16)

Since the detector is located at the point of installationgthee minimal transit delays between gas
extraction and gas measurement. This rapid response tidsettemuch better depth resolution and more
accurate determination of formation tops and contact points for example.

Greater sensitivity results from the small quantities & gnd air required, so that there is no over-
dilution of the gas sample in large air volumes resultinglampened’, poorly defined responses. This
degree of sensitivity provides more effective formation @at@dn in situations such as the identification
of thin beds or fractures and in the determination of minor changesrosity or permeability, contact
points, etc.

Connections
One thing that every wellsite operator is familiar wittonfi agitator traps, is the gas reading falling to
zero when connections are made. This is simply due to the fathé¢haiud level drops in the header box
so that the trap is no longer in the mud.
This will not, necessarily, be seen with the GasWizard meamnt. Although the gas level will fall, it
will not go to zero if there is still ambient gas in the flowline surranmthe probe, since the gas will still
pass through the membrane.

It is also probable that the mud will not completely drain friva flowline over the duration of the
connection, so that gas is still measured from the static mud.

Unaffected by flow changes

Unlike a gas trap, the mandrill carrying the membrane isffettad by changes in mud level or flowrate
(although a minimum mud velocity of around 0.25m/sec is required).
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Figure 15 Trap Loading

This example from a water-base mud
system, illustrates the process of air
displacement leading to trap saturation and
erroneously high gas measurement. Note,
with the gas response at A, the £O
component decreases. The LC@esults
principally from the air inside the trap,
which decreases as the volume of
hydrocarbon bubbles increase, displacing
the air.

The total hydrocarbons, measured from
the trap, increase from 2.0% to 9.9%
(X4.9). The hydrocarbons measured
through the membrane increase from 1.3%
to 3.9% (X3). This illustrates the

erroneous increase caused by air
displacement from the trap.

At point B, the increase in CO2

measurement results from an increase in

air volume within the trap due to a

temporary drop in  mud level.

Correspondingly, the trap samples a

reduced mud volume and the
chromatographic gases all show a decrease. At the sametitaghat no such drop in the gas measured
through the membrane is detected, since it is unaffected by changes irvetud le

Figure 16 Speed and Resolution

This example illustrates several of the differences
normally experience with measurement of gas
extracted through the membrane: -

Lower values in water base mud, where
methane is present as free gas bubbles and
displacing air from gas traps.

Rapid response time, here around 2 minutes
before the same responses are seen in the
conventional system.

Better resolution since there is minimal
dilution in air, which can dampen the trap
responses — note the sharper definition and
greater number of responses seen from the gas
extracted through the membrane.
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Water-Base Mud

Gas values are typically lower than those recorded by that@gitap as a result of the trap loading
described above. This is particularly true for where frae is more predominant in the mud. This
transition (dissolved to free) may be as low as 2 or 3% methane cotioeritrahe mud.

For lower gas concentrations (below the dissolved-free gasitiom), and when dealing with
principally methane, gas values are likely to be venylainto standard traps which work fairly
efficiently in this range.

Gas composition may also cause a difference in responkealier oil is being sampled with a
greater proportion of heavier end gases (propane through pentesentpthe response will typically
be higher with the membrane. This is because a greater poopoftithese components will be
dissolved and not efficiently extracted by agitator traps.

Oil Base Mud

Readings from the membrane are typically higher than thosedestty conventional agitator

traps. This is simply a result of gas phase. Oil has a naveér Ibubble point than water so that
gas does not break out of solution to the same degree. Oil baserimind) at surface therefore

has a far greater proportion of dissolved gas. This, as we $eew, does not affect the
membrane, but does lead to inefficient extraction and lower measuremdritiseadiitator trap.

At higher concentrations, trap loading may result in higherdaugs by the gas trap. But we are
now talking significant gas concentrations before we seeligs®lved-free gas transition. This
may be as high as 10% in a typical diesel or oil-base mud, anchigyreer, maybe 15% in certain
mineral oils.
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