
Reservoir Geochemistry



• The main aim of reservoir geochemistry is to understand the distributions and origin(s)
of the petroleums, waters and minerals in the reservoir and account for their possible
spatial and compositional variation. This is ideally related to basin history and location of
source-rock kitchens and migration pathways.

• As well as being of interest in its own right, reservoir geochemistry has many important
practical applications during petroleum exploration, appraisal and development. The
most important uses are related to proving or disproving connectivity between different
regions of a particular well or horizon. During exploration, reservoir geochemistry can
indicate the direction from which a field filled, pointing the way for future wells. During
production, studies of variations in composition with time may also be made, although
this is a little studied area at present.



• Although many techniques can be used to study the fluids in a reservoir, the most useful for reservoir 

geochemistry appear to be:

• For hydrocarbons

1. conventional and high resolution gas

2. chromatography-mass spectrometry

3. high resolution chromatography ('GC fingerprinting')

4. gas analysis and isotope determination

5. fluid inclusion studies

6. type analysis on extracts of (to locate/study) tar mats

7. thermovaporization (to eliminate conventional core extraction steps)

• For waters

1. conventional multi-element analysis

2. oxygen/hydrogen isotope determinations

3. strontium isotope ratios (especially on core)



Ancillary geochemical methods



Diamondoids
• Diamondoids are small, thermally stable, cage-like hydrocarbons in 

petroleum, where carbon–carbon bonds are arranged according to 
the structure of diamond. They consist of pseudo-homologous series 
with the general formula, C4n+6H4n+12, including adamantane, dia-, 
tri-, tetra-, and pentamantane (n =1–5, respectively) and higher 
polymantanes





























FLUID INCLUSIONS









Source- and age-related biomarker 
parameters









PREDICTION OF SOURCE-ROCK
CHARACTER FROM OIL COMPOSITION



Carbonate versus shale







Marine versus terrigenous organic matter









AGE-RELATED PARAMETERS









ALKANES AND ACYCLIC ISOPRENOIDS



n-Alkane ratios



Pristane/phytane















STERANES AND DIASTERANES



Regular steranes







C27–C28–C29 steranes







C30/(C27–C30) steranes (C30 sterane index)







Diasteranes/steranes









C27–C28–C29 diasteranes





TERPANES AND SIMILAR COMPOUNDS







28,30-Bisnorhopane and 25,28,30-
trisnorhopanes















Homohopane distributions





C35 homohopane index











C31/C30 hopane



30-Norhopane/hopane



Oleanane/C30 hopane (oleanane index)









AROMATIC BIOMARKERS





C27–C28–C29 C–ring monoaromatic steroids









Reservoir geochemistry: methods, 
applications and opportunities





Reservoir Geochemistry
• The role of petroleum geochemistry was once thought to be solely to support exploration efforts.

However, the concepts, tools, and methods that have been developed for evaluating source rocks,

crude oils, and natural gases are applicable to many problems in petroleum production and field

development. These applications broadly fall into two main groups: reservoir appraisal and production

applications. While reservoir appraisal is mainly concerned with the identification of shows and pay

zones, the preliminary assessment of oil column quality, and determining fluid contacts, production

applications deal more with the production problems and field development issues. These include

organic deposition issues, reservoir continuity questions, production monitoring, commingling

problems, production allocation, monitoring enhanced oil recovery programs, and reservoir souring.



• The tools for reservoir geochemistry include familiar geochemical

methods such as Rock- Eval pyrolysis, whole oil gas chromatography,

biomarker and isotopic analysis of oils, and compositional and

isotopic analysis of natural gases. Sometimes these methods are used

in ways already described, while other times, they are applied in a

unique way to solve a particular problem. In addition, information

from mud gas logging, Isotubes, and thermal extraction– gas

chromatography (TEGC) is used to supplement the more conventional

geochemical techniques to solve problems.









Field FILLING AND MIXING MODELS















Hydrocarbon filling history from diagenetic evidence: Brent Group, UK 
North Sea:







• Origin of natural gas from the Ordovician paleo-weathering crust 
and gas-filling model in Jingbian gas field, Ordos basin, China:







PAY ZONE DETECTION

1. Mud Gas Analysis 
2. Mud Gas Data Interpretation 
3. Fluorescence and Cut 
4. Isotubes
5. Rock-Eval Pyrolysis 
6. Solvent Extraction/Gas Chromatography 
7. Thermal Extraction–Gas Chromatography 



PAY ZONE DETECTION
• Obviously, finding producible petroleum is the key to a successful commercial

exploration and production program. But it is not always easy to recognize intervals

of subsurface hydrocarbons and assess if they are producible or not. While

techniques such as petrophysical analysis of wireline log data are often the standard

for this task, some difficult interpretation problems can be encountered, such as

low-resistivity pay or a fractured reservoir, that make finding producible

hydrocarbons more challenging. Geochemical techniques for pay zone detection are

often better in these situations, as well as being good supplemental tools to help

find or corroborate the presence of more typical reservoirs.



• To start this discussion, it is useful to define what we are looking for. A pay

zone is an interval of reservoir rock which contains oil and gas in

exploitable quantities. Anything less is called a show, a noncommercial

quantity of oil or gas encountered while drilling. The difference between

exploitable, or commercial, quantities and noncommercial quantities of oil

and gas is dictated by local economic conditions. For example, a well that

can produce 200 barrels of oil a day may be a success onshore, but in a

remote offshore area a well capable of 2000 barrels/day may be

considered only a show. So it is important to understand the local

economic thresholds when evaluating well results.



• While not as economically important, shows are significant sources of information in

an exploration program. They can point toward a potential petroleum system and can

provide clues to the nature of active source rocks in the area. However, there is some

ambiguity in the definition of a show. By defining a show as any noncommercial

quantity of oil or gas encountered while drilling, it could range in size from something

just below the commercial/economic limit to mere traces of petroleum. Schowalter

and Hess (1982) addressed this problem by proposing a classification for shows. They

recommended four types of shows be recognized. The first is the continuous phase oil

or gas show consisting of a filament of oil or gas with a continuous connection through

the pore network of a water-saturated porous rock. This is the easily observable oil

staining or saturation that most would readily recognize as a show.



• The second is the isolated droplets of oil or gas that likely represents water displaced
residual hydrocarbons remaining in the pores of a rock, such as grain coatings or bitumen
filled pores. It is visually observable but not widespread in the rock. The third is dissolved
hydrocarbons, molecular scale dissolved or dispersed hydrocarbons occurring in solution
in pore fluids or sorbed on the rock framework. And the fourth is hydrocarbons
associated with kerogen consisting of any soluble organic material, bitumen, associated
with kerogen in a potential source rock. This bitumen may already exist in the source
rock or may be created by the heating effect of the drill bit or heating during sample
preparation (sample heating in ovens or retorts). In terms of petroleum exploration and
production, all four types of shows have some value, but only the continuous phase oil or
gas show is a significant indicator of a potential working petroleum system and nearby
producible hydrocarbons.



• To have an impact of a drilling program, the detection of pay zones and
significant shows needs to be real time. This is accomplished in two ways,
one using logging while drilling or measurement while drilling
petrophysical tools and the other using geochemical data from mud gas
logging. In terms of geochemical applications to petroleum exploration and
production, mud gas logging is a frontline technique. It detects gaseous
hydrocarbons from C1–C5 (sometimes up to C8) released from sediments
by the drill bit and carried to the surface with the returning drilling mud.
This information can then be used to detect the presence of hydrocarbons
in the subsurface, distinguish between gas and oil, indicate fluid contacts,
and sometimes assess producibility.



• There are also some ancillary techniques that can assist in detecting

pay zones and significant shows. A few, such as fluorescence and cut,

are routinely performed at the well site and provide real-time data.

Others like Isotube analysis, Rock-Eval pyrolysis, solvent

extraction/gas chromatography, and TEGC are laboratory-based

analyses and can provide supplemental information to confirm

petrophysical and mud gas observations. These methods can also be

used to insure that potential pay intervals have not been overlooked

using the real-time data.



Mud Gas Analysis



• Hydrocarbon mud logging began commercially in 1939 with the simple detection of gas

released into the mud, drilling mud by the drill bit (Hunt, 1996). These early systems used

thermal conductivity, or “hot wire,” detectors that were bulk gas detectors and were not

able to distinguish between hydrocarbon and nonhydrocarbon gases. Mud gas logging did

not begin to develop as a real geochemical tool until it gained the ability to separate and

identify the individual component gases with the advent of gas chromatography in the

1970s. It was still limited by the use of thermal conductivity detectors, and there were

difficulties separating some of the gases adequately to identify hydrocarbon from

nonhydrocarbon. Eventually, flame ionization detectors were used that detected only

hydrocarbon gases and with greater sensitivity. These systems provided reliable analysis for

the C1–C4 hydrocarbons and sometimes extended up to C5.



• While these analytical improvements help provide better data on the gas
sampled, problems still existed in the gas traps used to extract the gas from the
drilling mud. Most of the traps were placed in a fixed position in the possum
belly, as shown in Figure Fluctuating mud levels during drilling would change the
volume of the headspace gas extracted by the gas trap resulting in inconsistency
in the samples. The temperature and pressure also influences the amount of gas
released from the drilling mud into the headspace. With the drilling mud
temperature in the borehole increasing with increasing depth and the variable
influence of the weather on both temperature and pressure, reproducible
sampling of the mud gas was very challenging. As a result, these problems made
it difficult to obtain consistently comparable mud gas data over the entire
borehole.





• Recent improvements in gas trap design take samples of drilling mud from
the return flow line and pump it to a constant volume and constant
temperature mud gas extractor (e.g., Blanc et al., 2003) providing
consistent reproducible sampling. This technology has also been coupled in
some configurations with a mass spectrometer as the detector for the gas
chromatograph to increase the analytical range of the method. With these
new systems, it is possible to detect both hydrocarbon and
nonhydrocarbon gases in the C1–C8 range faster and with more sensitivity.
There has also been an effort by several groups to bring real-time carbon
isotope analysis of mud gas to the well site that may provide important
additional information in the near future.



Mud Gas Data Interpretation

• While there have been significant changes in gas trap design and well

site analytical tools, the interpretation of mud gas data typically relies

on two basic schemes. These two main methods for interpreting mud

gas data utilize mud gas ratios on Pixler plots (Pixler, 1969) and/or

apply the so-called Haworth mud gas parameters (Haworth et al.,

1985).





• Pixler (1969) uses the C1/C2, C1/C3, C1/C4, and C1/C5 ratios

calculated from the gas chromatographic analysis of mud gas for

interpreting reservoir contents. In the C1/ C4 ratios, the C4 includes

both n-butane and isobutane, while in the C1/C5 ratio, the C5

includes the n-pentane, isopentane, and neopentane. When the

pentanes are not present in the mud gas data or the well site

analytical equipment does not provide pentane data, the ratio (10 ×

C2)/C3 can be substituted for C1/C5 ratio (Whittaker, 1991).



• These ratios are plotted on diagrams, as shown in Fig. 5.2, that have come
to be known as Pixler plots. The individual ratios are plotted for each mud
gas sampling point in a reservoir interval and are connected by a line. The
nonproductive area at the bottom of the diagram usually represents
residual oil in the reservoir, while the nonproductive area at the top of the
diagram is noncommercial gas (Whittaker, 1991). Pixler (1969) cautions
that if the C1/C2 ratio is low in the oil and the C1/C4 ratio is high in the gas
section for the zone or if any ratio is lower than a preceding ratio, the zone
is probably nonproductive. Productive dry gas zones may show only C1, but
abnormally high shows of C1 only are usually indicative of salt water. This
approach is also not definitive for low-permeability zones.



• Haworth parameters:

• C3–C5 components to interpret shows associated with gas-caps, oil/gas contacts,

and water wet zones. The interpretation rules for using these three parameters

are summarized in the flow chart in Fig. 5.3. An example of using the Haworth

parameters is shown in Fig. 5.4. In this data set, the upper gas zone can be seen

to transition through the lower gas zone into the oil zone at the base of the

section.

• Very often, the Haworth parameters are used in conjunction with the Pixler plots.

This utilizes the strengths of both methods to provide a cross-check of the

interpretations which should result in a better description of the fluid’s character.







• When using either the Pixler plots or the Haworth parameters, all the data must be corrected for

lag time to place it in a proper depth context. In addition, the gas data need to be corrected for the

effects of oil-based muds, background/recycled gas, and connection/trip gas. The total gas in the

drilling mud is made up of more than just gas release into the drilling mud from reservoirs. It also

contains contributions from the sediments penetrated on the way to the reservoir. This is usually

called the background gas. In theory, the gas circulated to the surface should be purged from the

drilling mud prior to the mud being pumped back into the borehole. In reality, some of this gas is

recycled in the drilling mud and can contribute to the signal. This residual gas is called recycled gas

and is most prevalent after drilling through a reservoir interval. Both background gas and recycled

gas are more problematic when an oil-based drilling mud is used. The oil in the mud increases the

amount of dissolved gas the drilling mud can hold. The oil in the mud can also interfere with the

purging of the gas from the mud system.



• In addition to background and recycled gas, there are periodic sharp

increases in the mud gas signal due to drilling operations. Connection gas is

the extra gas that accumulated in the borehole when mud circulation is

stopped while adding a new section of drill pipe. The extra gas can cause a

sharp increase in gas above the background when mud circulation

resumes. Trip gas is similar to connection gas in that it is the extra gas that

accumulates when mud circulation is stopped during a trip. It will also

cause a sharp increase in gas above background when mud circulation

begins and may also cause a temporary increase in the overall background

gas.



• When interpreting mud gas data, it is imperative that more than one

reading per reservoir intervals be used to make an interpretation.

Multiple samplings of the mud gas over the reservoir interval provide

corroboration of the signal and can show trends in the data which

may indicate changes in the reservoir contents. At the well site for

real-time evaluation, this information should be integrated with the

lithologic descriptions of the cuttings from the interval and the

fluorescence and cut observations before drawing any conclusions

about the contents of the reservoir.



Fluorescence and Cut

• Fluorescence and cut are part of the visual inspection of the cuttings recovered from the
potential reservoir interval. After the cuttings’ lithology and grain size have been
described, a visual inspection of the cuttings is done for any visible indications of oil
staining. At the same time, a check for any odor of hydrocarbons that may be present is
usually made. Staining may not be obvious in the cuttings. To look for the more subtle
forms of staining, the cuttings should be placed under an ultraviolet light (both long and
short wavelengths) to determine if any fluorescence is present. Fluorescence present
may be from traces of hydrocarbons in the sample, or it could be from minerals or some
contaminant.



• To help distinguish between fluorescence from hydrocarbons versus minerals or

contaminants, the color, intensity, and distribution of the fluorescing material is

noted. Oil fluorescence ranges from blue-white to white to yellow to red-brown.

Fluorescing minerals are usually intense and related to only specific grains in the

cuttings sample. To help distinguish fluorescence of oil from minerals, a few drops

of solvent are added to the cuttings while still under UV light to induce a cut or

mobilization of the oil from the cuttings. The appearance of the cut, (uniform or

streaming), color, intensity, and the rate at which it forms can provide information

about the oil’s mobility and reservoir permeability. A more detailed discussion of

fluorescence and cut can be found in Whittaker (1991).



• While fluorescence and cut can provide very useful information about

potential shows, there are a few obstacles to universally applying it.

First, if the drilling mud has been formulated with diesel or crude oil,

the technique cannot be used. In addition, pipe dope and some

drilling mud additives may also fluoresce giving false positive

indications. And finally cavings or recycled oil in the drilling mud can

be observed and be misleading.



Isotubes



• Isotubes provide a means of capturing a sample of the mud gas for later
isotope analysis. This is done by fitting a sampling manifold in the mud gas
flow line between the gas trap and the well site analytical system. This
manifold usually resides in the mud logging trailer for ease of operation.
The laboratory analysis of the gas in the Isotube provides a composition as
well as the carbon and hydrogen/deuterium isotopic signature of the gases,
given the individual gases occur in high enough concentration. Although
the composition of mud gas is not directly comparable to the composition
of reservoir gas due to partitioning between the gas phase and the mud
(dissolved gas), the isotopic signature of the mud gas has been found to be
comparable to the reservoir gas.



• Applying Isotube data to confirm the presence of a hydrocarbon-bearing
reservoir consists of using both the composition and the isotopic data
plotted versus depth. The amount of gas in each Isotube, as well as its
composition, when plotted versus depth provides indications of shows and
pay zones. Rapid increases in the amount of gas with depth, especially over
a short depth interval, suggest a hydrocarbon-bearing reservoir. Depending
on the drilling mud weight and the formation pressure, this increase in gas
content may or may not decrease once the drill bits have moved beyond
the reservoir. This increase in the amount of gas in the Isotubes is often
accompanied by a change in composition in the gas reflecting the
differences in the background gas versus the reservoired gas.



• When the carbon isotope ratio of methane from the Isotube data is plotted
versus depth, there should be a trend of heavier (less negative) methane with
increasing depth. This trend reflects the normal evolution of the interstitial gases
in the sediment as local organic matter matures with increasing depth and
temperature. This trend can be used to estimate maturity using some of the
isotope data trends versus vitrinite reflectance discussed in Chapter 4. Reservoir
rocks containing potential shows or pay typically deviate from this trend, usually
indicating more mature gas has migrated up and into the reservoir.

• The Isotube data are often used in conjunction with wireline logs and mud gas
data to define the limits of potential shows and pay zones. It is not used as a
standalone tool for finding hydrocarbon-bearing reservoir intervals.



Rock-Eval Pyrolysis 

• The S1 peak from Rock-Eval pyrolysis can be used to detect potential pay zones through the analysis of

cuttings collected over the suspected reservoir internal (Dow and Talukdar, 1991; Jarvie et al., 2001). The

ratio of S1/TOC is used to normalize the S1 signal for the amount of organic matter present in the sediment.

In hydrocarbon-bearing reservoir rocks, the volatile material that makes up the S1 peak should be

substantially larger than the amounts present in even rich source rocks, as shown in the example in Fig. 5.5.

• Baskin and Jones (1993) have also shown that Rock-Eval data from cuttings or sidewall cores from the

reservoir interval can be used to predict some physical properties of oils, such as API gravity and viscosity, if

the oils are derived from the same source. These predictions require calibration with measurements of crude

oil physical properties and are best applied when large-scale development of a field is under way.





Solvent Extraction/Gas Chromatography

• This technique utilizes a simple solvent extraction and gas chromatographic analysis of cuttings or sidewall

cores from suspected reservoir intervals (Baskin et al., 1995; Jarvie et al., 2001) to indicate the presence of

reservoired hydrocarbons. A few grams of rock is placed in a vial with a few milliliters of solvent, usually

dichloromethane, to extract any hydrocarbons in the rock. The extract is used in a simple whole extract gas

chromatographic analysis to get a “fingerprint” distribution of the hydrocarbons. As shown in Fig. 5.6, the

chromatograms can be used to compare the composition of multiple zones to look for diagnostic

characteristics that indicate gas, oil, and/or water in the reservoir rock. This type of data can also be used to

recognize compartmentalization, reservoir alteration processes, fluid contacts, bypassed pay, and tar mats. Oil-

based muds will interfere with this method by obscuring the signal from the formation. Synthetic oils used in

drilling muds may not totally conceal the in situ hydrocarbons.





Thermal Extraction–Gas Chromatography

• This technique can be used to obtain data similar to the solvent extraction/gas chromatography

method described earlier. Instead of solvent extraction, the cuttings are thermally extracted in a

specially designed inlet of a gas chromatograph. The subsequent gas chromatographic analysis

provides a “fingerprint” of the hydrocarbon distribution in the rock similar to the solvent extract,

and it can be used in the same fashion. In addition to rock samples, TEGC has been used with

drilling mud samples to detect oil-bearing reservoirs (Dembicki, 1986). C5+ hydrocarbons from

oil-bearing reservoirs are also released into the drilling mud along with C1–C4 gases. TEGC allows

these heavier hydrocarbons to be detected and analyzed. Application of this technique is limited

to wells drilled with water-based drilling mud.



HIGH-MOLECULAR WEIGHT WAXES







• High-molecular weight waxes (>C40) in crude oils can cause problems

during production. These waxes are held in solution in the crude oil in

the subsurface. As the oil is produced and leaves the reservoir, the

temperature of the oil can decrease causing the high-molecular

weight waxes to drop out of solution. This can result in wax

deposition in the near borehole environment, the production lines to

the surface, the flow lines from the wellhead, surface storage, and

pipelines.



• Precipitation of Petroleum Waxes. Solid-wax formation consists of two distinct stages: nucleation and crystal

growth. As the temperature of a liquid solution is lowered to the wax-appearance temperature (WAT), the

wax molecules form clusters. Wax molecules continue to attach and detach from these clusters until they

reach a critical size and become stable. These clusters are called nuclei and the process of cluster formation is

called nucleation. Once the nuclei are formed and the temperature remains below the WAT, the crystal-

growth process occurs as further molecules are laid down in a lamellar or plate-like structure.

• Nucleation is described as either homogeneous or heterogeneous. Homogeneous nucleation occurs in liquids

that are not contaminated with other nucleating materials. In this case, the development of nucleation sites is

time dependent. Heterogeneous nucleation occurs when there is a distribution of nucleating material

throughout the liquid. If there is sufficient nucleating material, heterogeneous nucleation can be nearly

instantaneous. Pure hydrocarbon mixtures in laboratories rarely undergo heterogeneous nucleation,[39]

whereas crude oil in the reservoir and production tubing will most likely nucleate this way because of the

presence of asphaltenes, formation fines, clay, and corrosion products.



• The role of petroleum geochemistry in high-molecular weight wax issues is to provide a

means of early recognition of the potential for these problems. This can be accomplished

using high-temperature gas chromatography, which allows routine analysis of >C40

hydrocarbons present in petroleum (del Rio and Philp, 1992; Carlson et al., 1993). An

example of a high-temperature gas chromatogram showing high-molecular weight waxes is

shown in Fig. 5.7. Typically, the analysis is done on either the saturate fraction from an oil or

the deasphalted whole oil. However, Thanh et al. (1999) demonstrated that the deasphalting

of an oil or rock extract could induce the precipitation of both the asphaltenes and the high-

molecular weight waxes. If only the saturate fraction or the deasphalted whole oil was

analyzed, the presence of these high-molecular weight waxes could be missed. A special

separation scheme described by Thanh et al. (1999) is needed to isolate the waxes and get an

accurate assessment of potential wax deposition problems.





• It may be thought that wax deposition problems are only relevant to waxy oil generated from Type I

kerogen in lacustrine depositional settings. However, Carlson et al. (1993) showed that these high-

molecular weight waxes can occur in both marine Type II sourced oils as well as the lacustrine Type I

sourced oils. And high-molecular weight wax deposition can even be a problem for condensates

(Leontaritis, 1998). It is therefore recommended that all crude oils should be routinely examined for

the presence of high-molecular weight waxes to avoid potential wax deposition problems. The cost of

the analysis is by far less than the cost of lost production and treatment. If the potential for wax

deposition appears to exist, additional laboratory studies can be conducted to predict under what

conditions wax deposition may occur (Leontaritis, 1996).

• When it happens, wax deposition can be mitigated by treatment with solvents, such as xylene (Fan

and Llave, 1996). It can also be prevented if the crude oil is maintained at temperatures above the

pour point of the oil or wax inhibitors are employed (Gloczynski and Kempton, 2006).



• The primary chemical parameter to establish is the critical temperature at which these wax nuclei

form—the wax appearance temperature (WAT). The WAT (or “cloud point”) is highly specific to each

crude. The WAT value is a function of:

• Oil composition

• Cooling rate during measurement

• Pressure

• Paraffin concentration

• Molecular mass of paraffin molecules

• Occurrence of nucleating materials such as asphaltenes, formation fines, and corrosion products

• Water/oil ratio











• As with other solids-depositing problems, prevention can be more cost effective than removal. One key to wax-

deposition prevention is heat. Electric heaters can be employed to raise the crude oil temperature as it enters the

wellbore. The limitations are the maintenance costs of the heating system and the availability of electrical power. As

with hydrates, maintaining a sufficiently high production level may also keep the upper-wellbore temperature above

the WAT. In addition, high flow rates tend to minimize wax adherence to metal surfaces because of the shearing

action of the flowing fluid. Insulated pipelines are also an alternative to minimize, if not eliminate, the problem, but

the cost can be prohibitive for long pipelines.

• Wax deposition can be prevented, delayed, or minimized by the use of dispersants or crystal modifiers. As with

asphaltenes, paraffin-wax characteristics vary from well to well. Chemicals that are effective in one system are not

always successful in others, even for wells within the same reservoir. “For this reason it is of fundamental

importance to establish a good correlation between oil composition and paraffin inhibitors efficiency, leading to an

adequate product selection for each particular case, avoiding extremely expensive and inefficient ‘trial-and-error’

procedures.”



ASPHALTENES

• types of Petroleum Waxes. Petroleum waxes are complex mixtures of n-alkanes, i-alkanes, and cycloalkanes with carbon numbers

ranging approximately from 18 to 65. The minimum energy-chain structure of alkanes is a flat zig-zag of carbon atoms with the

hydrogen atoms located in planes passing through the carbon atoms perpendicular to the chain axes.

• Here are two general classes of petroleum waxes. Waxes composed primarily of normal alkanes crystallize in large flat plates

(macrocrystalline structures) and are referred to as paraffin waxes. Waxes composed primarily of cycloalkanes and i-alkanes crystallize

as small needle structures and are referred to as microcrystalline waxes. Musser and Kilpatrick isolated waxes from sixteen different

crude oils and found that paraffinic waxes had molecular weight ranges of 350 to 600, while microcrystalline waxes had large molecular

weight ranges of 300 to 2,500. Of the 16 oils analyzed, five exhibited microcrystalline wax deposition, six precipitated paraffinic waxes,

and the remaining five showed a mixture of paraffinic and microcrystalline waxes.





• Asphaltenes are a solubility class that is soluble in light aromatics

such as benzene and toluene but is insoluble in lighter paraffins. They

normally are classified by the particular paraffin used to precipitate

them from crude (e.g., n-pentane or n-heptane). Speight, Long and

Trowbridge provides a summary of standard analytical methods for

asphaltene separation with either n-pentane or n-heptane.







• ASPHALTENES:

• In addition to high-molecular weight waxes, organic deposition in the form of asphaltenes can

also occur. Asphaltenes are sometimes referred to as solid hydrocarbon, reservoir bitumen, or tar.

Asphaltene deposits can occur in the subsurface, in production lines to the surface, in flow lines

from the wellhead, in surface storage, and in pipelines. Subsurface asphaltene deposition can

pose significant barriers to flow in petroleum reservoirs. But unlike high-molecular weight waxes,

these deposits may not be completely soluble in organic solvents and as such are more difficult to

deal with. The problems that asphaltenes pose include reduction or loss of effective porosity and

permeability, which in turn reduces production and can interfere with enhanced oil recovery

(Lomando, 1992). Because asphaltene deposition is not readily identifiable on wireline logs, it can

have a negative impact on estimating recovery factors and making reserve calculations (Lomando,

1992). The presence of these asphaltenes may even change the reservoir’s wettability from water

wet to oil wet (Buckley et al., 1997; Amroun and Tiab, 2001).



• Asphaltene deposition may occur as a result of natural processes, and it can be
induced by production. In naturally occurring asphaltene deposition, it is most
frequently encountered in the subsurface as the filling of interstitial spaces,
mainly pores but also fractures and faults. These interstitial asphaltenes occur
mainly in reservoirs impregnating the sediments as either grain coatings or as
partial to complete pore fillings. It may be pervasive in the reservoir or occur in
discrete zones. Occasionally, it is confined to the vicinity of the oil-water contact.

• In core, the interstitial asphaltenes appear as dark brown to black, highly viscous
material coating grains and filling pore space. The asphaltene frequently
comprises up to 10–15% of the rock with the remaining being 80–85% mineral
matter and around 4–6% water. Asphaltenes can be differentiated from oil stain
by the nonfluorescent nature of asphaltenes.



• Naturally occurring interstitial asphaltenes are formed by precipitation from an unstable

oil due to pressure/temperature drop, mixing with a lighter oil, late gas migration,

biodegradation, in situ oil cracking to gas, or a combination of processes. Pressure or

temperature drop in a reservoir could be the result of uplift and erosion or a structural

repositioning of the reservoir. Concentration of asphaltenes due to biodegradation is the

result of removal of saturate and aromatic hydrocarbons. The addition of biogenic gas as

well as loss of light ends during biodegradation can also contribute to the process.

• While naturally deposited interstitial asphalt can be a detriment to production, there is

little that can be done to mitigate its occurrence. Treatments with solvents, such as

xylene, may provide some short-term improvements, but these treatments will likely

need to be repeated to maintain rates (Mansoori, 2010).



• Naturally occurring subsurface asphaltenes (tar) may also occur in massive

apparently void-filling bodies with little or no sediment incorporated (Han

et al., 2010). These asphaltene bodies may occur either parallel to bedding

in sill-like bodies, or cross-cutting bedding, filling along faults/fractures in

dike-like bodies (Romo et al., 2007). These tar bodies are nearly always

associated with salt, usually just below or adjacent to a salt body. This type

of asphaltene deposit appears in cuttings as a shiny black substance, often

with conchoidal fracture, usually brittle, can be easily crushed into a dark

brown powder, and is virtually sediment free. These asphalt bodies are not

detectable in seismic data.



• Their exact mode of formation is unknown. However, it appears oil may have migrated
up faults or along salt to the paleo seafloor filling large fault zones and/or forming
mounds or bedded tar. This can be observed today in many places in the Gulf of Mexico
(e.g., MacDonald et al., 2004; Hewitt et al., 2008; Williamson et al., 2008), the Santa
Barbara Channel (Valentine et al., 2010), and in the deepwater off Angola (Jones et al.,
2014). Subsequently buried by sediments or entrainment by the salt canopy may have
incorporated these sediment-free asphalt bodies into the stratigraphic record. When
encountered during drilling, these asphalt bodies can become ductile and flow into the
borehole if the overburden pressure and subsurface temperature have reached critical
levels (Han et al., 2010). If these asphalt bodies become mobilized, the lower portion of
the wellbore often needs to be abandoned, and the well is side tracked (Weatherl, 2007).
At this time, these mobile asphaltene appear to be confined to the Gulf of Mexico and
may be related to the dynamic salt tectonics experienced in this region.



• During production, asphaltene precipitation may also occur as a result of decreases in pressure or temperature, gas

injection, water injection, or mixing of two oils in the wellbore (multizone production) or in surface facilities (Leontaritis

and Mansoori, 1988). These precipitated asphaltenes may be present as solid bitumen within the reservoir porosity near

the wellbore, deposits in the wellbore, deposits in flow lines, and/or deposits in surface facilities. Mitigation of

asphaltene deposition problems in the reservoir near the wellbore and the wellbore itself is possible, but it is usually

expensive, time consuming, and results in lost production. It is better to be proactive and test the crude oil about to be

produced to determine if asphaltene precipitation will be a problem and under what circumstances precipitation may

occur. Most frequently, the cause of precipitation is related to pressure–temperature changes. PVT studies can be

undertaken that will define the asphaltene precipitation envelope in P–T space (Leontaritis, 1996), such as the generic

one shown in Fig. 5.8. By knowing the reservoir conditions that may trigger precipitation of asphaltenes, steps can be

taken to maintain the temperature and pressure changes during production to remain within the stability limits of the

asphaltenes. This can be applied to the reservoir, borehole, or topside production facilities. This same approach can be

employed to natural gas reinjection or nitrogen or carbon dioxide injection to predict when asphaltene precipitation may

occur (Burke et al., 1990).





• If asphaltene precipitation cannot be avoided or has already occurred,

treatment options are available for the wellbore and near wellbore

reservoir including the use of solvents, such as xylene, to reduce

deposits and improve production (Mansoori, 2010). Inhibitor may

also be used to prevent future deposition from occurring.



RESERVOIR CONTINUITY 

1. Reservoir Continuity Using Mud Gas Data 
2. Reservoir Continuity Using Oil Samples 
3. Reservoir Continuity Using Gas Samples 



• Reservoir continuity is defined as the absence of vertical flow barriers

in a hydrocarbon column within a single well and/or lateral flow

barriers within a hydrocarbon-bearing interval between wells. When a

reservoir has been compartmentalized, flow barriers exist that divide

the reservoir interval into a series of discrete containers. To efficiently

develop a field and maximize the amount of hydrocarbons recovered,

reservoir compartments need to be identified.
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The Objectives of Well Test
(1) Reservoir Evaluation

• Deliverability (conductivity; kh)
• Design of well spacing
• Number of wells
• Wellbore stimulation 

• Properties (initial reservoir pressure )
• Potential energy of the reservoir

• Size (reservoir limits)
• Closed or open (with aquifer support) reservoir boundaries 

• Near well conditions (skin, storage and turbulence)
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To reach a decision as to how best to produce a given reservoir we need to know its
deliverability, properties and size.
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• Reservoir management
• Monitoring performance and well conditions

• Reservoir description
• Fault, Barriers
• Estimation of bulk reservoir properties
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The Objectives of Well Test 
(2) Reservoir Management

The Objectives of Well Test 
(3) Reservoir Description
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The Well Test Concept
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Standard Well Test Set-up
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Formation Evaluation
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Types of Test

Type of tests is governed by the test objective.
• Transient tests which are relatively short term tests are used to define 

reservoir characteristics.
• Drawdown Test
• Buildup Test
• Injection Test
• Falloff Test
• Interference Test
• Drill Stem Test

• Stabilized tests which are relatively long duration tests are used to define 
long term production performance.

• Reservoir limit test
• AOF (single point and multi point)
• IPR (Inflow Performance Relationship)
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Types of Test-Drawdown Test

• Conditions
• An static, stable and shut-in is opened to flow .
• flow rate is supposed to be constant (for using 

traditional analysis).
• Objective

• To obtain average permeability of the reservoir 
rock within the drainage area of the well 

• To assess the degree of damage or stimulation
• To obtain pore volume of the reservoir
• To detect reservoir inhomoginiety within the 

drainage area of the well.
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Types of Test-Buildup Test

• Conditions
• A well which is already flowing (ideally constant rate) 

is shut-in
• Downhole pressure measured as the pressure builds 

up
• Objective

• To obtain average permeability of the reservoir rock 
within the drainage area of the well 

• To assess the degree of damage or stimulation
• To obtain initial reservoir pressure during the 

transient state
• To obtain the average reservoir pressure over the 

drainage area of the well during pseudo-steady state 
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Types of Test-Injection Test

• Conditions
• An injection test is conceptually identical to a 

drawdown test, except flow is into the well rather 
than out of it.

• Objective
• Injection well testing has its application in water 

flooding, pressure maintenance by water or gas 
injection, gas recycling and  EOR operations.

• In most cases the objective of the injection test is 
the same as those of production test (k,S,Pavg). 

• Determination of reservoir heterogeneity and 
front tracing.
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Types of Test-Fall off Test

185

A pressure falloff test is usually proceeded by an injectivity test of a long duration.
Injection then is stopped while recording the pressure. Thus, the pressure falloff test is
similar to the pressure buildup test.

As with injection test, falloff test, interpretation is more difficult if the injected fluid is
different from the original reservoir fluid.
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Types of Test 
• Interference Test:

• In an interference test one well is produced and pressure is observed in a
different wells.

• To test reservoir continuity
• To detect directional permeability and other major reservoir heterogeneity
• Determination of reservoir volume

• Drill Stem Test (DST):
• It is a test commonly used to test a newly drilled well (since it can only be

carried out while a rig is over the hole.
• In a DST, the well is opened to flow by a valve at the base of the test tool, and

reservoir fluid flows up the drill string.
• Analysis of the DST requires the special techniques, since the flow rate is not

constant as the fluid rises in the drill string.
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Primary Reservoir Characteristics
• Types of fluids in the reservoir

• Incompressible fluids
• Slightly compressible fluids
• Compressible fluids

• Flow regimes
• Steady-state flow
• Unsteady-state flow
• Pseudosteady-state flow

• Reservoir geometry
• Radial flow
• Linear flow
• Spherical and hemispherical flow

• Number of flowing fluids in the reservoir. 
• Single-phase flow (oil, water, or gas)
• Two-phase flow (oil–water, oil–gas, or gas–water)
• Three-phase flow (oil, water, and gas)

187



• Reservoir compartments are often identified by repeat formation tester

pressures, pressure decline curves, oil–water contact depths, and/or fault

juxtaposition. They can also be recognized by compositional difference of the

fluids sampled from different locations within the reservoir interval. As a

reservoir fills over time, it is receiving hydrocarbons from the source rock at

progressively increasing maturity levels. The final product is a mixture of all these

contributions over time. In a reservoir with more than one compartment, the

filling history of each compartment is likely to be different, resulting in subtle

differences in the hydrocarbons found in each compartment. These subtle

differences can be observed in the mud gas composition while drilling, as well as

in oil and gas samples recovered from the reservoir during testing.



Reservoir Continuity Using Mud Gas Data



• The first indications of potential vertical compartmentalization in a reservoir may be found in the mud gas

data. Reservoir intervals that are connected will exhibit a consistent mud gas composition, while reservoir

intervals that are not connected will exhibit different compositions (Blanc et al., 2003; McKinney et al., 2007).

Differences in composition can be observed in simple cross-plots of gas composition, such as the methane–

ethane cross-plot. Data from the mud gas samples from four small sands are plotted in the diagram. The two

trends show potential vertical separation between the two upper sands and the two lower sands suggesting

two vertical compartments. Another method using mud gas data is to plot the Pixler ratios on a radar plot,.

This is similar to the approach used in gas-to-gas correlation. Similar patterns on the radar plot suggest

communication between adjacent sands, while different patterns suggest potential vertical separation of the

sands. And finally, mud gas isotopes measured from Isotubes can be used to show similarities and differences

in adjacent sands.

• While these indications of vertical continuity and/or compartmentalization from mud gas data are useful, they

should be considered tentative and require corroboration with other data from actual reservoir samples.



Reservoir Continuity Using Oil Samples 
• When testing the continuity of an oil-bearing reservoir, several methods can be employed. Occasionally, simple whole oil

chromatograms can be used to demonstrate easily recognizable difference between compartments, such as differential

biodegradation (Edman and Burk, 1999). In other instances, the biomarker data used in oil-to-oil correlation studies, as

described in geochemistry cource in term 1, can be applied to these problems (Peters and Fowler, 2002; Pomerantz et al.,

2010). However, the common method of comparing oils in reservoir continuity studies is the use of high-resolution whole

oil gas chromatograms (Kaufman et al., 1990; Dow and Talukdar, 1991). Because reservoir continuity studies look for subtle

differences in the hydrocarbon composition of the oils being compared, the whole oil gas chromatography used must be

done in a distinct way. The temperature program used in this analysis is usually slowed, often doubling the analysis time, to

provide higher resolution. In addition, analytical blanks, standards, and duplicate samples are run more frequently to insure

that the retention times are reproducible, and there is no carry over of hydrocarbons from previous analyses. In the event

that the oils being analyzed are heavy and carry over may be a problem, blank may have to run between samples to make

sure the column has cleaned up.





• Very often, the whole oil chromatograms being compared will look almost identical on a gross scale. However, the details

of the lower concentration compounds can provide a means of demonstrating similarities and differences (Kaufman et al.,

1990). An example of this is shown in the high-resolution gas chromatograms from whole oil analyses used in a reservoir

continuity study in next slide. The three oils come from the same reservoir interval in three different wells, and the wells

are separated from each other by faults. The question is whether the faults are open and there is communication between

the wells or are the faults closed isolating the wells from each other. The chromatogram in the upper left shows the full

whole oil chromatogram from one of the oils, which on a gross scale is identical to the other two oils. On the

chromatogram, a window from 10 to 15 min retention time is indicated as the selected time range for comparison. Also

indicated is the presence of possible synthetic oil-based drilling mud contamination outside the window for comparison.

The three remaining chromatograms show the 10–15 min retention time windows for the oils in the same reservoir

interval in Wells A, B, and C. The peaks selected for comparison are shown in the chromatogram for Well A. The bars

drawn over the selected peaks provide a preview of the ratios to be calculated and give a preliminary assessment of

similarities and difference between the oils. The arrows in the Well C chromatogram indicate significant difference

between it and the oils in Wells A and B.





• Peak ratios are then calculated, usually based on peak heights, and compared graphically

using radar plots. The results of the calculated peak ratios from the three whole oil

chromatograms plotted on a radar plot are shown. While the oils in Wells A and B show a

high degree of similarity, the oil in Well C is significantly different. These similarities and

differences along with the geologic setting were then used to make the interpretation of

connectivity between the wells shown in the cross-section. From the data, there appears

to be communication of reservoir fluids across the fault between Wells A and B, while

the fault between Wells B and C appears to isolate the two compartments. In this simple

example, the graphic display of data on radar plots is an adequate way to discern

between oils in different compartments. However, if large data sets are being examined,

the use of multivariate statistical analysis may be employed in a fashion similar to the

method described for oil correlation.





• In addition to the high-resolution whole oil gas chromatograms,

distributions of alkyl benzene in crude oils have been used in reservoir

continuity studies (Fox and Bowman, 2010). These compounds can be

identified in gas chromatograms of the aromatic hydrocarbon fractions;

however, the typical way to obtain alkyl benzene data is by gas

chromatography– mass spectrometry analysis monitoring the characteristic

m/z 92 fragment. These data are usually normalized to the highest peak in

the distribution and are employed in the same fashion as the selected peak

ratios from the high-resolution whole oil gas chromatograms.



Reservoir Continuity Using Gas Samples 
• Reservoir continuity can also be tested in gas reservoirs applying the same general method using a

combination of both the compositional information and the carbon isotope ratios to establish similarities

and differences between gases from the same producing horizon in different wells (Weissenburger and

Borbas, 2004; Milkov et al., 2007). The method of comparison is essentially identical to the gas-to-gas

correlation described in organic geochemistry cource, with the exception that the geochemical differences

from the differences in filling history for gases may be more subtle than observed for oils.

• Because gases migrate more easily in the subsurface, mixing of gases from different sources or different

maturities is more likely to be encountered. Coupled with the potentially smaller compositional and isotopic

differences between compartments, this may obscure dissimilarities in the gases that might indicate

reservoir compartmentalization.



PRODUCTION ALLOCATION 
• When more than one producing horizon is encountered in a field, the oil or gas from these separate horizons may be

commingled either during production, in the surface facilities, or in a pipeline. It is sometimes useful and necessary to be

able to determine contribution of individual oils or gases to the overall production. This may be for assessing the

performance of individual producing zones for reservoir management or for determining revenue allocation from the

production when different lease holders have rights to the different producing horizons.

• The basic method used for estimating production allocation uses the high-resolution whole oil gas chromatographic data

and peak ratios similar to that used in reservoir continuity studies (Kaufman et al., 1990). The method is based on

exploiting the compositional differences between individual oils that went into to making the mixture. To demonstrate this,

a simple mixing model is employed to allocate production from two separate producing horizons, shown in the example in

Fig. 5.13. The two horizons have been established to be isolated from one another by geochemical comparison. In this

example, three peak ratios that are significantly different in each of the two oils have been selected for estimating the

amount of each oil’s contribution to the overall mixture. Using simple linear mixing models, the changes in





• the ratios can go from 100% Oil A on the right to 100% Oil B on the left

along the designated trends. By plotting the ratios observed in the mixed

oil, as shown by the Xs along the trends, a composition of the mixed oil will

be indicated, in this case, approximately 37% Oil A and 63% Oil B. In

practice, there are often some variations observed in the results from each

ratio. If these variations are small, an average of the three results is used

for the final composition. While this approach is useful for binary mixtures,

when more than two oils are commingled, it is necessary to employ

multivariate statistical analysis to ascertain the contribution of each oil

(Hwang et al., 2000; McCaffrey et al., 2011).



• In gas reservoirs, the approach to deconvolving mixtures is more complex. While mixing
using compositional data may follow simple linear models, the composition of the gases
alone may not provide enough differences to adequately distinguish the contribution of
each gas to the mixture. Using isotopic data in combination with the compositional data,
as discussed in the section on reservoir continuity studies, can provide additional
characteristics to distinguishing each gas going into the mixture. However, because of the
way stable isotope ratios are calculated using the δ notation, they cannot be used in
simple linear mixing models. Instead, a combined compositional and isotopic approach
has been proposed by McCaffrey et al. (2011) which uses a series of mixing equations.
While these equations do not supply a unique solution, the results can be used to
approximate the most likely mixtures of gases.





Compartmentalization and time-lapse geochemical reservoir surveillance of the Horn Mountain oil field, deep-
water Gulf of Mexico

By: Alexei V. Milkov, Evvy Goebel, Leon Dzou, David A. Fisher, Allen Kutch, Neal McCaslin, and David F. Bergman

The American Association of Petroleum Geologists(2007).

204



بهشروعازلقبمخزندرپیوستگیوضعیتکهباشدمیایناستاتیکمدلازمنظور:استاتیکمدل•
زیک،ژئوفیشناسی،زمیناطلاعاتکمکبهمدلاینشود،مشخصمخزنارزیابیمرحلهدرتولید

petroleum(مخزنشدنشارژتاریخچهوژئوشیمی،PVTپتروفیزیک، charging(filling)
history(شودمیمشخصتولیدبهشروعازقبلمخازندرسدهاوموانعوضعیت.

.باشدمخزندرسدوجوددهندهینشانتواندمیزیرمواردازهریکمخزناولیهبررسیدر•
چاهدوبینايرخسارهتغییرات1.

ايلرزهمقاطعدرسطوحپیوستگیخوردنهمبر2.

مجاورهايچاهدریکسانفشاروجودعدم3.

هاچاهدریکسانعمقدرWOCوجودعدم4.

مخزنمختلفهايبخشدرPVTخواصدرتفاوت5.

مخزنمختلفنقاطدرشیمیاییژئوهايویژگیدرتفاوت6.

هابررسیاینلذاشود،ایجاددیگرعواملتوسطداردامکانشدهذکرمواردتمامکهشودتوجه•
راتقطعیعدماینموثرپارامترهايودقتافزایشباتوانمیکهباشدمیقطعیتعدمداراي
.دادکاهش
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ازبخشمهمترینباشد،میتولیدبرنظارتمخازن،ازتولیدزماندرعملیاتمهمترین:دینامیکمدل•
هايمدلتوسطکاراین.باشدمیمخزندرآنجاییبهجانحوهوسیالرفتاربررسینظارت

.شودمیانجامدینامیک

قرارلیدتوتاثیرتحتهنوزمخزنازهاییبخشچهکهنمودمشخصتوانمیدینامیکمدلکمکبه•
فرحازهمچنینآورد،بدستراهابخشآندرمحصورنفتمناطقآندرچاهحفرباواندنگرفته

میهمچنین.نمودجلوگیريشودمیجاروموجودهايچاهتوسطکهمناطقیدرجدیدهايچاه
.گرفتکمکمدلاینازگازوآبتزریقهمانندايثانویهبازیافتهايفرآیندنقشبررسیدرتوان

بسیاراهچحفروتولیدکردنبهینهومخزنمدیریتدرمدلاینازکهداشتبیانتوانمینتیجهدر
.نموداستفاده

لرزهنموداستفادهمخزندردینامیکهايمدلتهیهجهتآنازتوانمیکههاییروشجملهاز•
.باشدمیPVTهايآنالیزو4Dنگاري

TLG(time-lapseاستشدهمطرحبررسیاینجهتکهروشیجدیدترین• geochemical می(
.باشد
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سیبررازاستفادهبارامخزندرسیالحرکتتوانمیتکنولوژياینتوسط:TLGمتد•
.نمودمدلتولید،سیالتغییرات

توسطرا)استاتیکمدل(مخزنازتولیدبدودرموجوداختلافاتتکنولوژيایندر•
موجودزمانمدتمخزن،شدنشارژالگوهايمحتمل،هايسدوجودهمانندپارامترهایی

ازقبلسیالاتوجود،)mixing(شدنمخلوطجهتمخزنبهمتوالیهايمهاجرتازبعد
ازنمونههتهیجهتریزيبرنامهباسپسشود،میتوجیهثانویههايفرایندونفتمهاجرت

هايچاهباچاههرنتایجمقایسهوهانمونهآنالیزومتفاوتزمانیهايدورهدرهاچاه
ودهشگیرينتیجهمخزندرسیالحرکتیالگويمورددرچاه،آنگذشتهاطلاعاتومجاور
.شودمیمشخصاندگرفتهقرارچاههرازتولیدتاثیرتحتکهمناطقی

هانمونهمقایسهجهتهاfingerprintهمانندژئوشیمیاییاطلاعاتازTLGروشدر•
.شودمیاستفاده
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:نموداشارهزیرمواردبهتوانمیTLGروشمزایاياز•
.باشدمیصرفهبهمقرونوارزانروشیآنالیزهانوعبهتوجهبا1.

.استمناسببسیارزیستیمحیطنظرازانجامحیندرآلودگیایجادعدمعلتبه2.

.استایمنبسیارآندردرگیرکمافرادتعدادوعملیاتنوعبهتوجهبا3.

.کندنمیایجاهوقفهتولیدعملیاتدر4.

.باشدمیمخزنبرنظارتجهتمستقیمروشی5.

میهتهیسرچاهازنمونهزیرادارد،انجامامکانشناسیزمیننظرارپیچیدهساختارهايدر6.

.شود

.نداردخاصیابزاربهنیازواستسازگارچاهکردنکاملنحوهنوعهربا7.

.باشدمیکمتريقطعیتعدمداراينظارتیهايروشسایربامقایسهدر8.

208



:نموداشارهزیرمواردبهتوانمیروشاینهامحدودیتاز•
ورودبا(نموداستفادهروشاینازتواننمیباشدناچیزژئوشیمیاییپارامترهايبیناختلافاتکهموارديدر1.

تشخیصامکانهمچنانمواردازبعضیدراماشدهکمبسیارمحدودیتاینبالارزولوشنباهايکروماتوگراف

)باشدمیمشکلاختلاف

میچاهچندازتولیديسیالازنمونهتهیهبهمجبورونداردوجودجداگانهطوربهچاههرازتهیهامکانکهموارددر2.

.باشدمیکنندهگیچوپیچیدهبسیارروشاینباشیم

.باشدنمیدسترسدراطلاعاتینمونهتهیههايزمانبیندر3.



روشایناستفادهازمورداولینکهمورديمطالعهیکبررسیبهادامهدر•

سهپرووشودمیپرداختهباشدمیمکزیکخلیجمیادینازیکیدر

.گیردمیقراربررسیموردروشاینکاري

رخسارهدارايکهباشدمیJوMمخزندودارايمطالعهموردمیدان•

.باشدمیمادستونیوسیلتیسنگی،ماسه

،(CFB)مرکزيبلوكسهبههاگسلتوسطمیداناینمخازن•

.استشدهتقسیم(EFB)شرقیو(NFB)شمالی
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Pressure Data
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دوهردربالادیاگرامدرشودمیمشاهدهفوقشکلدرکههمانطور•

يدهندهنشانموضوعاینشود،میمشاهدهفشارگرادیاندومخزن

ایجادسببهکباشدمینفتستونتحتانیوفوقانیقسمتبیناختلاف

.استشدهگرادیاناختلافاین

بیناختلاف1100psiحدوددرکهشودمیمشاهدهنمودارایندر•

بینارتباطوجودعدميدهندهنشاناینکهداردوجودJوMمخزن

.باشدمیمخزندواین
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PVT Properties of Fluids
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درواشباعهانفتفوقانیهايبخشدرمخزندوهردرکهشودمیمشاهدهa.3شکلدر•
.باشندمیزیراشباعتحتانیهايبخش

میافزایشمخزندوهرفوقانیهايقسمتدرGORکهشودمیمشاهدهb.3شکلدر•
.یابد

.شودنمیمشاهدهخاصیروندبررسیموردمخازندرنیزAPIزمینهدر•

میمشاهدهکههمانطورنمود،مشاهدهراAPIباGORارتباطتوانمیبعداسلایدشکلدر•
کهايونهگبهباشدمیمعکوسصورتبهعاديحالتخلافبرپارامتردواینارتباطشود

مکزیکخلیجمخازندررونداینیابد،میکاهشنفتدرمحلولگازمیزانAPIافزایشبا
ازقبلناحیهاینمخازندربیوژنیکگازهايوجودپدیدهاینعلتوشودمیدیدهعمدتا

بهزودترکهکمبلوغباهاينفتدرگازهااینکهگونهبدینباشد،میآنهابهنفتمهاجرت
گازدارايکمترAPIدرجهباهاينفتشودمیسببوشدهحلاندرسیدهمخازناین

.باشندبیشتربلوغدارايهانفتبامقایسهدربیشتريمحلول
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Variations in Geochemical  composition and 
Fingerprints of Petroleum Fluids
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ودارنمدرهاترپانوهاهوپانمیزانبودنمشابهوشدیدتغییراتعدم•

نمخزدوهرمختلفهايبخشدرنفتمنشاکهدهدمینشانبالاهاي

انتومیلذاباشدمیشیلیدوهرمادرسنگرخسارهوبودهیکسان

دارايحداقلیاویکسانمخزندومخزنسنگکهگرفتنتیجه
organofaciesباشدمییکسان.
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نمخزدوهردرمختلفهايبخشدربلوغکهدهدمینشانبالانمودار•

.باشدمیمتفاوت

.باشدمیبلوغکمتریندارايCFBبخشJمخزندر•

دوهردرNFBبخشبلوغکهشودمیمشاهدهبالانموداردرهمچنین•

.باشدمییکدیگرمشابهمخزن
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هايقسمتدرC1میزانشود،میمشاهده10شکلدرکههمانطور•

C2ویابدمیافزایشفوقانی – C5شکلدرهمچنینیابد،میکاهش

انمتایزوتوپینسبتفوقانیهايقسمتدرکهشودمیمشاهده11

.ماندمیثابتاجزاباقیایزوتوپینسبتکهحالیدریافتهکاهش

گازهايافزایشبرمبنیشدبیانقبلدرکهايایدهنموداردواین•

.کندمیتصدیقرافوقانیقسمتدربیوژنیک
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میداندوایننفتدرمحلولگازمنشاکهدهدمینشان13و12شکل•
.باشدمیبیوژنیکوترموژنیکگازهايازمخلوطی

حاصلC1میزانGORافزایشباکهنمودمشاهدهتوانمی14شکلدر•
.یابدمیافزایشبیولوژیکیهايفعالیتاز

مخزنهبابتداکههایینفتکهباشدمیاینيدهندهنشانموضوعاین•
بااماکردهحلخوددررامخزندرموجودبیوژنیکگازهاياندرسیده

یوژنیکبگازمیزانمخازن،بههیدروکربنبیشترمهاجرتوزمانگذشت
گازدارايمخازنپایینیبخشهاينفتشدهسببویافتهکاهشآزاد

.باشندکمترمحلول
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Petroleum Charge (Filling) History
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.استشدهپیشنهادمخزنکردنشارژجهتفوقمدلکنونتاشدهانجاممطالعاتاساسبر•

30دمادرکهزمانیدرکهدانندمیمخزناطرافهاییشیلرامخازندرموجودبیوژنیکگازمنشامدلایندر•
)a.15(.استشدهجمعمخزندرگازهااینواندنمودهراگازهااینتولیداندبودهدرجه60الی

اکندگیپربهتوجهبانفت،تولیدازپسکهباشد،میکرتاسهتاژوراسیکسندارايمخازناینمادرسنگ•
شدهجمعCFBبخشدرونمودهمهاجرتMمخزنسمتبهجنوبیبخشازنفتاینمنطقه،ایندرلیتولوژي

.)d.15(است

اشGORوکردهحلخوددرراموجودبیوژنیکگازهايباشدمیکمAPIدارايکهکردهمهاجرتنفت•
)b.15(.یابدمیافزایش

ربتوانستآنازناشیبویانسینیرويکهرسیدحديبهMمخزنCFBدرشدهجمعنفتمیزانکهاینازپس•
)d.15(کندمیمهاجرتJمخزنسمتبهنفتکندغلبهJوMمخزنبین)mud(گلیهايلایه

بهMمخزندرنفتوشودمیپرکاملاCFBبخشمخزن،سمتبهمادرسنگازنفتبیشترمهاجرتباسپس•
دارايb.d.e)(CFB.15(.شودمیهابخشایندرنفتتجمعسببوکندمیحرکتEFBوNFBسمت

.باشدمیمتوسطبلوغدارايEFBوبلوغبیشتریندارايNFBبلوغ،کمترین
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دربخشدواینسمتازنفتNFBوEFBهابخششدنپرومهاجرتادامهبا•
)c.g.15(.کندمیمهاجرتJمخزندرEFNوNFBهايبخشسمتبهMمیدان

.باشدنمیاقتصاديتجمعاتدارايJمخزندرEFBبخشکهشودتوجه•

میجوانمیدانایندرنفتمهاجرتکهشودذکربخشایندراستلازم•
هايبخشبیندرشیلیوسیلتیهايلایهوجودبهتوجهبالذا،)6Ma(باشد

تیاختلافاایجادسببواستنشدهانجاممیداناینمخازنایندراختلاطمخزنی
.نمایدایجادراGORقائمتغییراتهمانندشد،ذکرقبلدرکه

دانمیایندرهاگسلتوسطمهاجرتکهباشدمیاینبررسیایندردیگرنکته•
.شدگرفتهنظردرصفر
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Compartmentalization Model

کهبودیحالتبهمربوطگرفتقراربررسیموردکهموارديتماماینجاتا•

وشرازاستفادهبامرحلهایندرواستنگرفتهانجامتولیدمخزناز
دوهربینکهنماییممشخصونمودهبنديجمعرانتایجCRMآماري

.داردجودوسدوجوداحتمالمیزانچهبهچاه

مشاهدهمطالعهموردمخزندوبرايرامحاسباتاینتوانمیزیردر•
.نمود
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دوهربینمانعوسدوجوداحتمالشود،میمشاهدههادیاگرامایندرکههمانطور•
میهاییقطعیتعدمداراياحتمالاتاینحالهربهامااستشدهمشخصچاه

کهباشدمیمخزنایندرتولیديچاهتنهاJمخزندرA10چاهمثالعنوانبهباشد
چاهاینازتولیدآیاکهشودبررسیکهاستنیازحالدارد،قرارCFBبخشدر

نفتتولیدبرايکهاستنیازآیاو!خیریاشودمیهمNFBبخشازتولیدباعث
A10چاهازتولیداثردراینکهیاونمودحفرتولیديچاهمحلآندرشمالیبخش

.نمایدمیعبورآنازسیالWEگسلطرفدودرفشاراختلافایجادو

تولیدنحیدرسیالحرکترفتاربررسیبهکهاستلازمهابررسیاینانجامجهت•
مخزندودربررسیاینبهTLGروشتوسطادامهدرکهشودپرداختهمیدانایندر

.شودمیپرداختهمیداناین
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PRODUCTION SURVEILLANCE OF RESERVOIR M

.اندکردهتولیدبهشروع2002نوامبرازکهباشدمیتولیديچاه7دارايMمخزن•

.شدانجامآبتزریق2003آگوستازA7وA6چاهدوتوسطمخزنایندر•

240



چندA4وA1چاهدودرفشارشود،میمشاهدهبالاگرافدرکههمانطور•
يدهدهننشانموضوعاین.یابدمیافزایشتزریق،بهشروعازپسساعت
.استتزریقیهايچاهوهاچاهاینبینمناسبارتباط

مینشانرافشارافزایشهفتهچندتاروزچندازپسA3وA2هايچاه•
.ستاتزریقیهايچاهباضعیفارتباطيدهندهنشانموضوعاینکهدهند،

.شودنمیمشاهدهفشاريافزایشA9وA8وA5هايچاهدر•

نشانتزریقیآبدرTracerازاستفادههمچنینوبالافشارنموداربررسی•
ازبخشایندراصلیمانعوبودهارتباطدارايمیدانغربیبخشدرکهداد

،دهدنمیبدستاطلاعاتیمیدانشرقیبخشمورددراما.نداردوجودمخزن
.شودمیاستفادهTLGمتدازبخشایندروضعیتنمودنمشخصجهتلذا
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الی2003سالازمتفاوتهايزماندرنمونهسريTLG،4مطالعهجهت•
ترتیببهنمونهسري4(گرفتقرارژئوشیمیاییآنالیزهايموردوتهیه2006

تولیددورانایندرکهشدتهیهتولیدازپسماه40و12،28،33ازبعد
.)استشدهانجامبشکهمیلیون53و19،42،47برابرانباشتی

ییرتغشیمیاییترکیباتهانمونهایندرکهدادنشانشدهانجاممطالعات•
nC8.5يپنچرهبهمربوطWOGCاماکند،نمیچندانی – nC11.5نشانه

.داردتغییرازهایی

starتوانمیزیرشکلدر• diagramمیمشاهدهرازماندوبهمربوط
.نمایید

.شودمیمشاهدهزیاديتغییراتA8چاهدرشودمیمشاهدهکههمانطور•
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راسري4هاينفتنمونهدرWOGCيهاپیکنسبترويبرايخوشهمطالعهبالاشکلدر•
.نماییدمیمشاهده

شودمیمشاهدهکههمانطور•
,A1(غربیبخشهاينفتنمونه1. A2, A3, A4(غربیبخشهاينفتوگروهیکدر)A5, A8, A9(قراردیگرگروهدر

.استگرفته

.اصلیخوشهدردیگرنمونه3ولیداردقراردیگرخوشهدرA8چاهنمونهاولینکهشودمیمشاهدهدیاگرامایندر2.

.اصلیخوشهدردیگرنمونه3ولیداردقراردیگرخوشهدرA5چاهنمونهاولینکهشودمیمشاهدهدیاگرامایندر3.

نفتازتولیداثردرA5چاهشدهسببMمخزنازپیوستهتولیدکهدهدمینشانموضوعاین•
درکهdowndipبخشازمداومتولیداثردرنیزA8چاهوکندتولیدA9چاهناحیههاي

.نمایدتولیدباشدمیA9وA5چاهمحدوده

هاينفتکهباشدمیعلتاینبهA5وA8هايچاهدراولنمونهدراختلافهمچنین•
اینشدنمخلوطبرايلازمزمانوبودهپایینمهاجرتسندارايمخزناینبهنمودهمهاجرت

افتادهقاتفااختلاطاینفشارافتومیداناینازتولیداثردرولیاستنشدهسپريهانفت
.است

245



.شودیممیدانشرقیوغربیبخشدونفتشدنمخلوطازمانعسدیککهدهدمینشاننتایجاین•

خزنممدیریتونمودنبهینهومخزندرسیالحرکتمدلتهیهدرگیرينتیجهاینازتوانمیو

.نموداستفاده
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دوبخشبهTGLروشتوسطمخزنایندرشدمشاهدهکههمانطور•

،1981،1988،1992(گذشتهدرشدهانجاممطالعاتاماشدتقسیم

ودنبعلتبهخواصزمانیکدربایومارکريمطالعاتاساسبر)1999

هبمخزناینکهشدگیرينتیجهزمانطولدرمقایسهجهتاينمونه
.استپیوستهصورت
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PRODUCTION SURVEILLANCE OF RESERVOIR J

نیازوشدهحفرCFBبخشدرکهباشدمیتولیديچاهیکدارايتنهاJمخزنشدذکرکههمانطور•

.خیریاکندمیجارونیزراNFBبخشهاينفتچاهاینآیاکهشودبررسیاست

.شدتهیهروز989مدتطیدرنمونه5کاراینجهت•
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ارزیابیهايچاهازیکیازکهاولیهنمونهشودمیمشاهدهکههمانطور•
میمتفاوتبسیارA10چاهنفتنمونهبااستشدهتهیهNFBبخش

CFBبخشازA10چاههاينفتنمونهزمانگذشتباهمچنین.باشد

ازتنهاA10چاهکهگرفتنتیجهتوانمیلذاکند،نمیچندانیتغییر

ازWEگسلوجوداثردرشمالیبخشوکندمیتولیدمرکزيبخش

کهتاسنیازبخشایننفتتولیدجهتواستشدهجدامرکزيبخش
.شودحفرتولیديچاهنیزبخشایندر
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RESERVOIR SOURING
• Reservoir souring is an observed increasing in the hydrogen sulfide (H2S) content of reservoir fluids over time. It most

often occurs in reservoirs undergoing water flooding usually within a few months to a few years after injection begins.

Increased H2S can lead to a reduction in the quality of the produced hydrocarbons, reduced well productivity, and added

safety and health risks and liabilities. It can also increase the potential for sulfide stress cracking and corrosive failure of

downhole equipment, flow lines, and surface facilities (Iverson, 1987).

• The increase in H2S during water flooding is the result of sulfate-reducing bacteria that are introduced with the injected

water biodegrading the oil in the reservoir (Cord-Ruwisch et al., 1987). It occurs more commonly in offshore fields where

sulfate-rich seawater is being injected, replenishing the supply of sulfate for the microbes. The induced biodegradation

can be recognized by changes in the composition of the produced oil that is consistent with natural biodegradation. It

also has a temperature sensitivity similar to natural biodegradation, with an upper limit of 80°C for this bacterial activity.

Reservoir souring from sulfate-reducing bacteria can be mitigated by either adding biocide to the injection water and/or

removing sulfate from the injection water (Vance and Thrasher, 2005).



• While occurring more frequently in water-flooded reservoir, reservoir souring may also occur

due to thermochemical sulfate reduction (TSR) induced by steam flooding the reservoir

(Hoffmann and Steinfatt, 1993; Kowalewski et al., 2008). During steam floods, reservoir rock

may reach temperatures greater than 150°C. If sulfate is present, the TSR reactions can take

place consuming part of the hydrocarbons and producing hydrogen sulfide.

• The role of petroleum geochemistry in reservoir souring is that of monitoring the production.

Periodic sampling of produced fluids should be done to help recognize geochemical changes in

the hydrocarbons, both liquids and gases, that can signaling souring is occurring in order that

remedial actions can be taken. Production monitoring is cost effective, considering the lost

production, diminished value of the petroleum, and expense of repairing corrosion in the

production facilities that can result from reservoir souring.



Mechanisms of souring

مکانیسم بیولوژیکی•
احیاي احیاي ترموشیمیایی سولفات•
شکست حرارتی ترکیبات آلی سولفور دار•
هیدرولیز سولفیدهاي فلزي•
سولفورزددایی از رسوبات سازند•
تبدیل مواد سولفیدي موجود در آب تزریقی•
مهاجرت سولفید هیدروژن ازمناطق دیگر•
متصاعد شدن سولفید هیدروژن از فاز آبی•



مکانیسم بیولوژیک

• Mesophilics
• Thermophilic



• Sulfate reducing bacteria (SRB) can be traced back to 3.5 billion years ago and are considered to be among the

oldest forms of microorganisms, having contributed to the sulfur cycle soon after life emerged on Earth. These

organisms "breathe" sulfate rather than oxygen, in a form of anaerobic respiration.

• SRBs are widely distributed in oil production facilities and in seawater, which makes their introduction into water-

flooded reservoirs. It has a wide range of metabolic mechanisms which allows sulphate reduction to proceed under

many different environmental conditions at the expense of a range of electron donors and carbon sources. Under

optimal conditions, it has been estimated that a sphere of porous rock approximately 7 metres in radius could

support an SRB population capable of producing the 400 kg of H2S per day observed for badly soured wells.

• that under favourable conditions SRB's will convert SO4- sources to H2S. In general, SRB, obtain energy for growth

and reproduction from the oxidation of a range of organic materials which also serve as sources of carbon. Since

SRB grow in the absence of oxygen, the oxidation of organics, such as acetic acid, is linked to the reduction of

sulphate:

CH3COO- + SO42- → 2HCO3 + HS-



• SRB's utilise suitable carbon and energy sources in oxidising an organic 

substrate. It donates an electron, along an electron transport chain. 

Sulphate acts as the electron acceptor, being reduced to sulphide. Some 

SRB’s are able to use hydrogen (via hydrogenese enzymes) rather than 

organic compounds as electron donors.

4H2 + SO42- + H+ → 4H2O + HS-

• In this case, the requirement for carbon is satisfied by organic compounds 

or from the fixation of carbon dioxide. This consumption of hydrogen is one 

way in which SRB are implicated in corrosion events in the oil industry.



Thermal Sulphate Reduction

• Thermal Sulphate Reduction chemical is the direct reduction of sulphate by hydrocarbons in order 

to produce hydrogen sulphide. Whether the kinetics of these types of reactions are such that they 

may contribute to reservoir 'souring' is open to debate, although evidence for this has been 

growing in recent years.

• At temperatures in the range 250 325°C, and modest pressures, many organic compounds are 

rapidly oxidised with high product yields. A requirement for this reaction is the presence of 

sulphur species in a lower valance state to initiate the reaction. Any S species of valance less than 

+6 will initiate, though H2S appears most successful.

• The mechanisms proposed by Toland initially involves the protonation of the sulphate ion:



• Without initiation the reaction cannot proceed. However, in the presence of H2S:

• The thiosulphate formed is unstable and decomposes, in acidic conditions, to 
elemental sulphur and sulphate.

• Reactive elemental sulphur is then available for the oxidation of various organic 
species. The sulphite formed can undergo further disproportionation reactions, 
oxidising more organic substrate and re generating H2S to initiate further 
reaction.

http://www.oilfieldwiki.com/wi/index.php?title=Sulphur&action=edit&redlink=1
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.نماییممیمطرحزمینهدودررابحثاین•

بایومارکرهاکمکبهمیکروبیتخریببررسی1.

بایومارکرهاکمکبهویسکوزیتهبینیپیش2.

سنگیننفتدارايمخازنمدیریتدربایومارکرهاازاستفاده3.
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ویسکوزیته-بایومارکرها -تخریب میکروبی 

مادر،گسنهايویژگیازناشیهانفتویسکوزیتهوگراویتهبیناختلافHunt,1995مطالعاتاساسبر•

تخریبهمانندايثانویهفرآیندهايتوسطتواندمیاختلافاینوباشدمیمادرسنگنوعحرارتی،بلوغ

.شودیتغیراتدستخوشتواندمیمهاجرتحیندراجزاازبرخیتبخیرواختلاطآبشویی،میکروبی،

.اشدبمیمیکروبیتخریبشودنفتویسکوزیتهتغییرسببتواندمیکهفرآینديمهمترین•

.یابدمیافزایشویسکوزیتهمیکروبیفعالیتعلتبهنفتوآبتماسسطحنزدیکیدر•

افزایشروبیمیکتخریبدهد،انتقالراآبجریانتواندمیشکستگیکهعلتبههاشکستکینزدیکیدر•

.یابدمیافزایشویسکوزیتهنتیجهدرویافته
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میاهشکنفتویسکوزیتهسنگینپارافینیترکیباتحذفبامیکروبیتخریباولیهمراحلدر•

colling(یابد & Robinson,1991(اهشکوویسکوزیتهافزایشسببشدیدومتوسطتخریبولی

.شودمینفتAPIدرجه

,Hughsمطالعاتاساسبر• 1988; moldowan, درمقاومبایومارکرهايبررسیباتوانمی1992

.نمودمحاسبهراتخریبفرایندازقبلنفتویسکوزیتهمیکروبی،تخریببرابر

بایومارکريرهايپارامتبررسیباتوانمیویسکوزیتهوبایومارکريپارامترهايبینارتباطیافتنازپس•

حسطدرویسکوزیتهتغییرات،)عمقیلحاظازچهوسطحیلحاظازچه(مخزنازمختلفینقاطدر

ايهچاهحفرمحلنمودنبهینهجهتدرآنازوآوردبدست)سنگیننفتمیادینخصوصبه(میدان

.نموداستفادهچاه،نمودنکاملجهتمناسبعمقوجدید
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Peterمطالعاتبنابر• & moldowan, فعالیتمقابلدربایومارکرهر،1992
اینررسیبتوسطتوانمیودهدمینشانواکنشخاصیيگونهبهباکتریایی
کمکهبتوانمینتیجهدر.نمودتعیینرامیکروبیتخریبمیزانتغییرات
بامیکروبیتخریبيکنندهمشخصبایومارکريپارامترهايبینارتباطبررسی
راکوزیتهویستغییراتبایومارکريمطالعاتکمکبهنفتویسکوزیتهمیزان

.نمودمشخص

سببمیکروبیتخریبکهدهدمینشانCymricمیداندراولیهمطالعات•
وهااستراناکثروکاملطوربهحلقويایزوپرنوئیدهايها،پارافینحذف
.استشدههاهوپانازبخشی

بهباشدمیاندكبسیارتخریبدارايLiaohoمیدانازتولیدنفتهمچنین•
.اندشدهتغییردستخوشمیدانایندرنرمالآلکانهايتنهاکهايگونه
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باتخریبمیزان1815Sو1805sهايچاهدرشودمیمشاهدهکههمانطور•
-25غلظتکهشودمیمشاهدهنمودارایندر(یابدمیافزایشعمقافرایش

هوپانمیزانعمقافزایشاثردرمقابلدروشودمیزیادعمقبانورهوپان
)اشدبمینورهوپانبههاهوپانشدنتبدیلاتفاقاینعلت-یابدمیکاهش

سههردردریاسطحزیردر-594عمقدرکهشودمیمشاهدهنمودارایندر•
افزایشعمقایندرعبارتیبهویابدمیافزایشنورهوپان-25میزانچاه

)شدبامینفتیستونپایینیبخشبابرابرعمقاین(داریمراتخریب

ربطیشناسیچینهستونبهمیکروبیتخریبشودمیمشاهدهچاهسهایندر•
نظردرراxxايچینهنشانگراگردیگرعبارتبهدارد،ربطعمقبهوندارد

آنبهیمیکروبتخریبولیگیردمیقرارمتفاوتیعمقدرچاههردربگیرید
.باشدنمیوابسته
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پرداختهیمیکروبتخریببهحساسبایومارکرهايومخازندرموجودنفتگراویتهارتباطبررسیبهادامهدر•

.شودمیقراربرارتباطویسکوزیتهوبایومارکريپارامترهايبیندیگرعبارتبهشود،می

.نمودمشاهدهرااستفادهموردبایومارکرهايتوانمیزیرشکلدر•
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میقراردیدشمیکروبیتخریبتاثیرتحتکهبایومارکريپارامترهايبینارتباطبرقراريجهت•

اینتوانمیزیرجدولدرشود،میاستفادهشدهتهیهنفتنمونه15ازویسکوزیتهوگیرند
.نمودمشاهدهرارابطههردرهمبستگیضریبوویسکوزیتهباآنارتباطوپارامترها
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ازیشبهمبستگیضریبدارايپارامترهااینتمامشودمیمشاهدهکههمانطور•

.باشندمیویسکوزیتهبا0.74

-22R,25وهموهوپاناندیسپارامتردو• nortrishomohopane/22R-

trishomohopaneمیهویسکوزیتباهمبستگیضریببیشترینداراي

درc35بالايمقاومتعلتبهتخریبافزایشباهوپانهمواندیس(باشند

-22Rتخریبافزایشباهمچنینیابد،میافزایشC31-C34بامقایسه

trishomohopane22بهR,25- nortrishomohopaneشودمیتبدیل

-22R,25افزایشسببو nortrishomohopane/22R-

trishomohopaneشودمیمیکروبیتخریبافزایشبامقابلهدر.

.تاسشدهدادهنشانویسکوزیتهبااندیسدواینارتباطزیرهاينموداردر•
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قراربیمیکروشدیدتخریبدچارنفتکهباشدمیحالتیبهمربوطشداشارهمقالهایندرآنچه•

تخریبمراحلدراماباشد،میهاهوپاننموداستفادهآنهاازتوانمیکهترکیباتیتنهاوباشدگرفته

ترکیباتصددرهمانندنفتاجزايازحتییاوفیتانوپریستانهمانندترکیباتیازتوانمیکمتر

یسکوزیتهوباارتباطنمودنقراربرجهتهمهیدروکربنیغیرترکیباتمیزانیاونمونهدراشباع
.نماییدمیمشاهدهچینمیادینازیکیدررااینازاينمونهزیردرنمود،استفاده
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:نمودمشاهدهرازیرمواردتوانمیبالاهاينموداردر•

آلکانغلظتوتهیافافزایشفیتانوپریستانمیزانویسکوزیتهافزایشبا1.
.یابدمیکاهش18و17نرمالهاي

باشدیمبالابسیارهمبستگیضرایبکهشودمیمشاهدهدومشکلدر2.
دقتابویسکوزیتهمطلقمیزانتعیینجهتروابطاینازتوانمیلذا
.نموداستفادهبالا

وهاهوپانغلظتمیکروبیتخریببودنکمعلتبهمیدانایندر3.
تفادهاستنهاییبهآنهاازتواننمیوکندنمیتغییرچندانهااستران

.نمود
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یسکوزیتهوتغییراتروابطاینتوسطتوانمیشدذکرنیزقبلمثالدرکههمانطور•
راکردنمدلایناز2Dنمونهیکتوانمیزیردرنمود،مدلمیدانطولدررا

.نماییدمیمشاهده
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کناردرواستشدهمشخصچاه5درعمقیراستايدرزون6پروفیلایندر•
عمقیتايراسدرژئوشیمیاییپارامترهايتوسطشدهمحاسبهویسکوزیتهچاههر

.استشدهدادهنشان

کمچاه5هردرویسکوزیتهIIوIزوندودرکهشودمیمشاهدهشکلایندر•
مودنبیانتوانمیلذا.یابدمیافزایشویسکوزیتهVIوVزوندروشودمی
نیزیشناسچینههايویژگیبهمیدانایندرتخریبوویسکوزیتهمیزانکه

ویسکوزیتهافزایشIIIلایهدرهاچاهتمامدرمثالعنوانبهباشد،میوابسته
یمبیانطوراینشدهانجامهايبررسیباموضوعاینعلتشود؛میمشاهده

وودهبآبدوستباشد،میسنگیماسهکهلایهاینيرخسارهعلتبهکهشود
ودهبوبالالایهایندرمیکروبیتخریبنتیجهدرداردبالاییآباشباع

.یابدمیافزایشویسکوزیته
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شد،قراربرخوبیبسیارارتباطبایومارکريپارامترهايوویسکوزیتهبینشدمشاهدهکههمانطور•
.آورددستبراویسکوزیتهتغییراتمیزانپارامترهااینتغییراتتعیینباتوانمینتیجهدر
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تغییراتشودمیمشاهدهنمودارایندرکههمانطور•
.باشدیممخزنیستونطولدرپویزسانتیهزارانویسکوزیته

بودنمنفیشودمیمشاهدهشکلایندرکهاينکته•
غیروعموضاینکهباشد،میهابخشازبعضیدرویسکوزیته

پارامترهااینکهگرفتنتیجهتوانمیلذاباشد،میقبولقابل
تونسطولدرویسسکوزیتهتغییراتکردنمدلجهتدرتنها

مطلقتهویسکوزیمیزانتعیینجهتتواننمیونموداستفاده
.شوداستفاده
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استفاده از بایومارکر در مدیریت مخازن نفت سنگین
سنگیننفتمخازنهثالثیوثانویهبازیافتفرآیندبهبوددرکمکآورد،بدستبایومارکرمطالعهازتوانمیکهدیگريکاربرد•

.باشدمیبخارتزریقهمانند

روشازولیدتجهتاستنیازونداردوجودطبیعیحالتبهتولیدامکانسنگیننفتمیادینازبسیاردرمثالعنوانبه•
Huffهمانندههایی & Puffبهسپسشود،میانجامبخارتزریقمخزنازضخامتیکدرروشایندر(نموداستفاده
روسهپاینمجددوشودمیانجامچاهازتولیدهفتهچندمدتبهآنازبعدوشودمیداشتهنگهبستهچاهروزچندمدت
)شودمیتکرار

.شودتوجهنکتهدوبهاستنیازروشاینازاستفادهدر•

.گذاردمیاثربخارتزریقآندرکهضخامتی-1•

•2-spacingتزریقدوبین.
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اییتروباهالایهوجودنمایدمشکلایجادتواندمیکهعاملیبخارتزریقدر•
intervalیکازتولیدجايبهشودمیسببکهباشدمیهاشکستگیوبالا

.شودانجامپایینیوبالاییهايلایهازتولیداست،نظرموردکهخاص

يبایومارکراطلاعاتازاستفادهموجودراهبهترینمشکلاینازاطلاعجهت•
بهاشد،بمیبخارتزریقاثردرشدهتولیدنفتدرعمقهرنقشتعیینجهت

زنیمخستونطولدربایومارکريتغییراتداشتندستدربادیگرعبارت
sidewallتوسط coreنمودمشخصونمودهآنالیزراتولیدينفتتوانمی

.استداشتهشدهتولیدنفتدرنقشیچهنفتیستونازبخشهرکه

.نموداستفادهماتریسیمحاسباتازتوانمیکاراینانجامجهت•
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محاسبات ماتریسی جهت بررسی میزان اختلاط در نفت
.نمودمشخصتولیددررازونهرنقشمیزانماتریسی،محاسباتازاستفادهباتوانمیشودانجامتولیدزونچندازکهحالتیدر•

رازیرماتریساساساینبر.باشدانبهمختصومشخصزونهردرکهباشدمیخاصترکیبnبهنیازباشیمداشتهتولیديnمااگرکاراینجهت•
.دهیممیتشکیل

• G = [ زونهردرخاصترکیبنوعیکسطرهروتولیدهايزونهاستون ]n×n

.دهیممیتشکیلرازیرماتریسونماییممیتعیینراخاصترکیبnهرمیزاننیزتولیدينفتدر•

• d = [n تولیدينفتدرترکیب ]n×1

.آوردبدسترازونهرنفشمیزانزیرمعادلهتوسطتوانمیحال•

• G× M =d

• M = [GT G ]-1 GT d

• M = [ زونهراثر ]n×1
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.دنمومشاهدهراروشاینکاربردازمثالیکتوانمیزیردر•
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وانتمیبالاروشتوسطبخشهرنقشتعیینباتوانمیحال•
.نمودمشخصرابخارتزریقاثردررابخشهرنقش

میپرداخته1815Sچاهدرروشاینبرسیبهمثالعنوانبه•
.شود

جهتدررابایومارکر6تغییراتتوانمیبعداسلایدشکلدر•
دررابایومارکر6اینازکدامهرمیزانوبخارتزریقمحلقائم،
تولیدينفتعمق(بخارتزریقدومینواولینازبعدتولیدينفت

.نمودمشاهده)شودمیدادهنسبتتزریقیintervalوسطبهرا
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وولاتزریقازبعدتولیدينفتشودمیمشاهدهکههمانطور•
نتیجهنایبهتوانمیلذاباشد،نمیبخارتزریقمیانگیندوم،
تزریقintervalمختلفهايعمقازتولیدينفتکهرسید

.باشدمیمتفاوت

درهکآنچههمانندماتریسیمطالعاتتفاوتاینبررسیجهت•
اطلاعاتتوانمیزیرجدولدرشود،میارائهشدذکرقبل

واولینازبعدتولیدينفتنمونه2وعمق6دربایومارکري
.نمودمشاهدهتوانمیرابخارتزریقدومین
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رایماتریسيمحاسبهدرعمقیمختلفترکیباتنتایجتوانمیزیرجدولدر•

دباشمیزونآنازتولیدعدمنشانهمنفیاعدادجدولایندر(نماییدمیمشاهده

)باشدمیفوتی1538تا1420ازبخارتزریقزونضخامتو
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نمیفوتی1538ازترعمیقهايبخششاملتولیدينفتکهدهدمینشانجدولاین•
.باشد

قراراربختزریقتحتکهاستزونیمیانیبخشازتولیدينفتدرصد85-90حدوددر•
)فوتی1455-1500(استگرفته

مترکاعماق(شودمیتولیدفوقانیهايبخشازتولیدينفتازدرصد10-15حدوددر•
)فوت1450از

الاتريبدرصدداراياولمرحلهبامقایسهدربخارتزریقدوممرحلهازبعدتولیدينفت•
.باشدمیفوقانیهايقسمتنفتار

یتمحدودایندارايهانمونهبیندرتولیدنفتازاطلاعاتنبودعلتبهمطالعهایندر•
.نمودمشخصرانفتتولیدمحلدقیقطوربهتواننمیکهباشدمی
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PRODUCTION PROBLEMS AND PERIODIC 
SAMPLING 

• After production begins, there are a number of problems that might arise that can reduce or stop

the flow of hydrocarbons and thereby impact the profitability of a field. These problems can be

related to cement or packer failures, tubing or casing leaks, or organic deposits to name just a few

possible causes. Many times, these production problems can be recognized in changes in the

composition of the hydrocarbons being produced. Ideally, the composition of the produced

hydrocarbons should be monitored on a periodic basis, perhaps every 6 months, to look for changes

that may signal potential difficulties. This type of information can also help insure production in the

field is being done efficiently, and the recovery of hydrocarbons is maximized. However, a

surveillance program for producing wells is difficult to sell to production engineers unless specific

production problems have been encountered or are anticipated.



• An alternative to periodic analysis of the produced fluids is periodic sampling for archival

purposes. For oils, a 25–50 ml sample collected every six months, sealed and stored in a cool dark

place, is an insurance policy against potential production problems. These samples are

inexpensive to collect and store but are on hand and invaluable for geochemical analysis if

complications do occur. Not only do these samples provide data to help diagnose what the

production problem might be, they can also provide a temporal framework that may be

important to understanding the underlying cause for the problem.

• A classic published example of this concept is the case study presented by Kaufman et al. (1990)

documenting a tubing string failure in a well from in the Gulf of Mexico. A schematic of the

development of this problem is shown in Fig. 5.14. Initially, two zones with distinct fluid

compositions were brought on production about 5 years apart. Archival samples were collected

from each producing zone on a periodic basis. When it was suspected that there



• was communication between the two tubing strings in the well, the

geochemists involved were able to go to the archived samples. By applying

the high-resolution whole oil fingerprinting technique used in reservoir

continuity studies and the method for production allocation, both

described earlier, they were able to establish there was indeed

communication between the tubing strings and built the scenario defining

the progressive steps in its development shown in Fig. 5.14. After

completing this study, production from the lower zone was reestablished

increasing the overall production of the well, and steps were taken to

prevent future tubing failures.





• Contrary to oil samples, the collecting and archiving of gas samples from

producing wells is not as practical. The need for expensive pressure

cylinders for gas samples and the amount of space needed to store them

make archiving impractical. There is also the potential for the gas cylinders

to leak, altering the composition and isotopic signature of the gas. Analysis

of composition and stable isotopes for natural gas is relatively inexpensive,

compared to crude oil analysis. Because of these considerations, it is more

practical and cost effective to analyze produced gas samples on a periodic

basic and store the data. In this way, the data will be readily available for

investigation if problems arise.



MONITORING ENHANCED OIL RECOVERY 
• With only 10–20% of the original oil in place being produced by primary recovery techniques, enhanced oil recovery has become a common

practice to yield more oil from already discovered fields to maximize the investment in exploration. Although there has been very little published

on the application of petroleum geochemistry to the monitoring of enhanced oil recovery, there is great potential for this application. Petroleum

geochemistry can be applied to both the monitoring and assessing of the efficiency of enhanced oil recovery. These techniques are applicable to

water, steam, CO2, and surfactant floods, as well as natural gas reinjection. The basic concept entails developing a set of baseline data for the

reservoir prior to beginning any enhanced oil recovery. This could be accomplished by developing a vertical geochemical profile through the

reservoir at a given location, typically between an injection well and a production well. The vertical geochemical profile would be built using rotary

sidewall cores to obtain samples of the fluids in the reservoir at fixed positions in the borehole that can be resampled after the flood front has

passed. The data collected would consist of the quantities and distributions of hydrocarbons present at each sampled depth point. The

distributions could be obtained by either TEGC or conventional solvent extraction followed by whole oil gas chromatography. The best results have

been obtained when using sidewall cores that are frozen at the well site to help preserve the loss of light hydrocarbon material. After the flood

front has passed, the same coring points are used to collect a second set of sidewall cores. The second set of samples should be collected and

treated in exactly the same fashion as those collected to establish the baseline profile. Changes in the quantity and composition of the

hydrocarbons can be used to confirm the flood front’s passage as well as to estimate the efficiency of the process to extract additional oil.



• The example in Fig. 5.15 shows the results from two sidewall cores collected from the same

depth in a monitoring well for a steam flood pilot project. The data shown are from TEGC of

frozen sidewall cores collected before and after the flood front passed the monitor well

location. The original oil in the before chromatogram shows the oil to be extensively

biodegraded. The after chromatogram clearly shows the shift in the hydrocarbon distribution

even in the unresolved complex mixture represented by the “hump” below the peaks.

Additional quantitative data were obtained from the sidewall cores to indicate the amount of

the oil that was stripped out of the sediments by the steam.

• These analyses are fast and relatively inexpensive, in addition to providing information about

the effectiveness of enhanced oil recovery. It is expected that more use of this technique will

be seen in the future as enhanced oil recovery becomes an even more important aspect of

production operations.





STRATEGIES IN RESERVOIR GEOCHEMISTRY 

• Although petroleum geochemistry has been applied to reservoir and production problems since the late 1970s,

the advancement of this aspect of the science has not progressed as much as source rock evaluation or oil and gas

correlation. There are still opportunities to discover new ways to apply petroleum geochemistry to reservoir

problems in ways not previously recognized using the tools already available. We need to be looking for

innovative applications for reservoir geochemistry to increase its value in field development and production

practices.

• There are a few particular recommendations that can be made for applying petroleum geochemistry to reservoir

and production problems. To begin, it is essential to be specific about what the problem is, when it occurred, and

what you want to know from the study. These specifications set down in the definition of the problem will

determine what samples will be required and what analytical program needs to be followed. They will also define

the expectations of the study and how it will help resolve the issues.



• Next, it cannot be emphasized enough that for reservoir geochemistry reservoir fluid
samples must be collected routinely and archived. Begin collecting early in the life of the
reservoir, and periodically resample at least every 6 months. If a problem develops, you will
need these samples to establish a baseline and help determine the timeline for when the
problem started.

• It is always best to try to resolve production problems with geochemistry early. It is often
quicker and less expensive than the more conventional engineering procedures. The sooner
the problem is solved, the faster the production can be restored. If needed, the engineering
option is still available.

• And finally, as with all petroleum geochemistry applications, place the geochemical results in
a geologic context. The interpretations cannot stand alone. They need to make geologic
sense, or they have little value.
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