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ARTICLE INFO ABSTRACT

Identifying the hydro geochemical implications in shallow groundwater systems may provide
some insight into potential impacts from underlying geologic formations targeted fornatural oil
and gas production. This paper describes water geochemical approach for distinguishing
relatively microseepage sourced from depth by the thermalcatalytic breakdown of organic matter
(thermogenic). Recent results from the northern Appalachian Basin, detailed in Osborn and
McIntosh (2010), presented and highlight this approach using gas composition combined with
elemental (major) and isotopic analyses (δ13C) of waters. The spatial distributional pattern of the
geochemical characteristics of the Shallow Ground Water (SGW) shows evidence for
microseepage activity. High EC, TH, sodium and chlorine values are much helpful in determining
the influence of the microseepage, and EC is high in gas and oil bearing areas and it ranges from
2,500µs/cm to 5159µs/cm; in oil bearing areas the spatial distributional pattern shows with little
gas cap and in barren areas it is below 2500µs/cm. The spatial distribution pattern of Cl exhibits
that the concentration is high in gas microseepage areas (>220 mg/1) than in oil bearing and
barren areas. The concentration of sodium ranges from 209 to 1965mg/1 and in the areas having
no seepage effect, it is below 209mg/1.Results from this study demonstrate the importance of a
water chemistry approach for constraining the origin of natural gas and oil in sedimentary basins.
This approach provide useful in understanding on the origin of natural gas accumulations in
shallow groundwater.

INTRODUCTION
Oil and gas play a pre-eminent role in meeting the energy
requirement of any country, and around 45 % of the energy
requirement is met with oil and gas utilization. The hydrocarbon
vision-2025 strongly emphasizes on exploration and production of
hydrocarbons by undertaking a total appraisal of Indian
sedimentary basin for tapping oil and gas. Near-surface
geochemical prospecting methods are playing an increasingly
important role in the search for new oil and natural gas
accumulations, especially in onshore frontier areas.  Near-surface
exploration techniques commonly assume that fugitive
hydrocarbon gas leaks from a deep gas reservoir and migrates
vertically upward by buoyancy to the surface, so that the surface
expression is located essentially vertically above the hydrocarbon
accumulation. Seepage of hydrocarbon gas from a deep
hydrocarbon accumulation into shallow groundwater or soil has
been documented in several studies, and is well known from
reports of visible seeps encountered during early hydrocarbon
exploration (Price, 1985).Petroleum microseepage causes several
chemical reactions in the near surface water and soil. These
include change in Eh, pH, electrical conductivity and
concentration of certain salts. The physical and chemical
characteristics of shallow groundwater (SGW) near oil and gas
fields are investigated because of their potential for concentration

of certain chemical promises. Published data on the use of hydro
geochemical methods are limited in the literature. Heemstra et al.,
(1979) suggests that the conductivity of an aqueous extract of soil
may be useful for detecting the micro seepage. Olmsted (1975)
recorded anomalous concentration of certain elements in a
number of groundwater samples from the Cement district,
Oklahoma, USA. Early et al.,(1986) developed a hydro chemical
database for the Hanford site, Washington. Storage of Natural gas
in the basaltic aquifer was documented by Reidal et al.,(2002). In
the present study an attempt is made to find out the significant
change caused by microseepagein the physical and chemical
parameters of SGW in and around NagapattinamSubbasin.

Methodology

Groundwater samples were collected at shallow depth in and
around Nagapattinam sub-basin area. A square grid of 5 km was
chosen and 138 samples were collected. The sampling program
has covered oil and gas producers, dry wells and unexplored
areas. The average groundwater depth was around 8 to 10m, but
in some areas, it was more than 75m. Water sample were
collected in the well cleaned one liter polythene sample bottle
rinsed by 1:5 HCl and then by double distilled water, and its
locations were shown in Fig 1. Analysis was carried out for pH,
electrical conductivity (EC), total hardness (TH), calcium (Ca),
magnesium (Mg), sodium (Na), potassium (K), carbonate (CO3),
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bicarbonate (HCO3) and chloride (Cl) as per standard methods
(APHA, 1985). The pH and conductivity (EC) were measured on
the spot using a Portable water analysis kit (Consort C321). EC
values are expressed in microsiemens/cm at 25° C and the
concentrations of other parameters are expressed in mg/1. The
sample collected were analysed for major cation like Ca and Mg
by titrimetry, Na and K by flame photometer (CL 378- electronic
Corporation of India); and anions Cl and HCO3 by titrimetry
method.

Parameter Selection

The quality of surface water is determined by interactions with
soil, transported solids (organic, sediments), rocks, groundwater
and atmosphere. It may also be significantly affected by
agricultural, industrial, mineral and energy extraction, urban and
other human actions, as well as by atmospheric inputs. The bulk
of the solutes, in surface waters, however, are derived from soils
and groundwater base flow where the influence of water- rock
interactions is important.

Fig 1 Shallow Groundwater (SGW) sampling Location

N

Table 1 Basic Statistical Parameters ofShallowGroundwater (SGW) around
Nagapattinam Sub-Basin

pH EC TH Ca Mg Na K Cl HCO3

Minimum 6.2 523.23 41.64 3.90 1.20 35.60 0.90 15.90 1.40
Maximum 9.1 5159.92 326.39 79.00 50.40 1965.00 92.30 850.70 9.20

Mean 7.6 1336.30 144.50 21.39 22.20 209.17 16.10 220.48 4.12
STDV 0.5 578.46 54.88 12.02 11.15 231.08 19.35 122.68 1.90

Threshold 8.1 1914.76 199.38 33.41 33.35 440.25 35.45 343.16 6.02
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The primary parameters for measuring the water chemistry focus
on a combination of physical and chemical components.

Correctness of Analysis

The Cation to Anion balance method has been used for checking
the reliability of the analysis. The principle of this method is based
on the electro neutrality of all water when the concentration of
anion and cation are express asmilli- equivalents per litre, the
summation of each must balance because all waters are
electrically neutral. The test is based on the percentage difference
defined as follows: % difference = 100 x {(Σ cation – Σ anion) /
(Σ cation + Σ anion)}

Accept / reject criterion usually is taken around ± 10% difference
in ionic balance and depends on water types. High bicarbonate
water tempt to be unstable (CO2 exchange) due to interactions
with colloidal and suspended mater (alkalinity changes). The
differences over the acceptance criteria are related to several
factors. The total cations (Tz+) and total anions (Tz-) balance
(Freeze and cherry, 1979) show the charge balance error
percentage. The error percentage is between ± 1% to ±10% with
few exceptions for certain ions which show abnormally higher
concentration occurring indifferent regions.

RESULT AND DISCUSSION
Water is effective in dissolving salts due to higher dielectric
constant and its molecules tend to combine with ions to forms
hydrated ions. The thermal agitations of ions in many minerals are
greater to overcome the weaker charge of attraction that exists
when surrounded by water, thus allowing large number of ions to
dissociate into aqueous solution. Ground water can be viewed as
electrolytic solution due to the presence of major and minor
dissolved constituent present in ionic form. A charged species in
water forces a local rearrangement in the structure and those
nearby reorient themselves because of the charge. The zone of
influence immediately adjacent to the ion is known as hydration
sheath (Dominico and Schwartz, 1990).

A random region separate the hydration sheath from the bulk
solution, within the random region the water molecule are less
oriented and they are in bulk solution or the hydration sheath.
Mass can exist in the subsurface as separate gas, solid, or liquid
phase, or as mass dissolved in water itself and mass occurring in
water as ionic molecule or solid phase.

These phase undergo transport and reaction which distribute mass
among the various ionic species or between liquid and solid
phase. The rate of the reaction and mass transport processes varies
according to the reaction and equilibrium states. The strength of
the equilibrium and other constants as a function of temperature
(Nordstrom et al., 1979) considering the thermodynamic point of
view equilibrium state is the state of maximum stability towards
which a closed physiochemical system proceeds and it may
proceed to irreversible process (Stumman and Morgan, 1996).

Shallow Groundwater (SGW) chemical Parameters

The Shallow subsurface water from the study area is colorless and
odorless in most of the samples. The analytical results in the form
of statistical factors of the variables viz. minimum, maximum,
mean (background), standard deviation and threshold (mean plus
one standard deviation) of different chemical parameters of
groundwater of the groundwater samples from the study area are
summarized in Table 1. The ranges of chemical analysis of
shallow aquifer water in mg/l (except pH and EC in µs/cm) are as
follows; pH 6 to 9, EC 523 to 5159, TDS 334 to 3302, Ca 4 to 79,
Mg 1 to 50, Na 35 to 1965, K 0.9 to 92, Cl 15 to 850, HCO3 1 to
9, SO4 16 to 599, PO4 3 to 81, H4SiO4 83 to 108, TH 41to 326.

The mean value for the SG Win and around  the Nagapattinam
sub basin are as following; pH 7.64, EC 1336µs/cm, TDS 855
mg/l, chloride 21mg/l, Bicarbonate 4mg/l, Sulphate161mg/l,
Phosphate 7mg/l, Silicate 75.34mg/l, Calcium 21mg/l,
Magnesium 22mg/l, Sodium 209mg/l and Potassium 16mg/l.
According to the result of analysis, SGW contains predominance
of Sodium and Calcium. The pH levels in the study area are more
slightly basic condition but still in the range of surface water
standards, which ranges of pH is 6 to 9. The increase of pH can be
influenced by temperature, which affects the H+ activity and also
the rapidly removing CO2 by algal photosynthesis during day
time.  In the study area pH is influenced by the rain water and
surface running water which lower pH. Electrical Conductivity
(EC) is an indirect measurement of ionic strength and
mineralization of natural water.

EC ranges from 523 to 5159µs/cm with an average of 1336µs/cm.
According to the U.S.G.S scale (soft 0-60 mg/l, moderately hard
61-120 mg/l are very hard 300 up mg/l), hardness of SGW in the
study area can be classified as very hard water.

Fig 2 A) Spatial Distribution of pH in SGW                                    B) Reclassified Spatial Distribution of pH in SGW
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Spatial Analysis

The chemical quantity have been analyzed for different quality
parameters over the entire surface area around the Nagapattinam
sub-basin, Cauvery Basin (on land). In order to know the
distribution pattern of the concentration of different elements and
to demarcate the higher concentration zones, reclassification of
favorable and unfavorable zones for various elements (Belanger,
1988) spatial patterns are generated. The profiles of spatial
variation for each resources are discussed below in terms of their
relation with each other and their change in concentration over
space. The distance between observation points were calculated
by exported sampling points mapped in shape file format into Arc
view and interpolated by the Inverse Distance Weighted (IDW)
analysis option.

Potential Hydrogen (pH) of Waters

Natural waters generally contain dissolved carbon-dioxide gas and
bicarbonate ions that form a buffered system with carbonic acid. It
is generally believed that very high values, i.e., above 8.5 is
usually associated with the carbonate of sodium in waters.
Moderately low and very low pH value (4.0) is associated with
free acids derived oxidizing sulfide minerals (usually pyrite) in
waters.

In general the hydrogen ion concentration indicates the strength of
the water to react the acidic or alkaline material present in the
water. The pH of groundwater in the study area giving a picture of
neutral to slightly alkaline nature. The spatial distribution of pH in
the study area is given in fig. 2.A. It is not giving any strong
evidences to locate the underlying hydrocarbon reservoirs but, it is
observed that the pH is 7 to 8 around gas producers, around oil
producers it is 8 to 8.5 and around barren areas it is greater than
8.5. Based on this observed clues the spatial data has been
reclassified as favorable and unfavorable zones with respects to
hydrocarbon microseepage and the same has been shown in the
fig. 2.B.

Electrical conductivity (EC)

The electrical conductivity of freshwater is the conductance of a
cubic centimeter of water at a temperature of 25°C, generally
measured in simen per centimeter (S/cm). The electrical
conductivity (EC) of the pure water is usually quite low, so it is
measured in millisimen per centimeter (mS/cm). The EC gives a
general impression of the chemical behaviour and chemical
quality of water.

Fig 3 A) Spatial Distribution of EC in SGW B) Reclassified Spatial Distribution of EC in SGW

Fig 4 A) Spatial Distribution of TH in SGW B) Reclassified Spatial Distribution of TH in SGW
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Electrical conductivity is directly proportional to the salt
concentration and vice versa. Hence, the conductivity
measurement provides an indication of ionic concentration. The
electrical conductivity of shallow groundwater of the study area
varies between 523 and 2159 µs/cm at 25°C, with an average of
1336µs/cm, standard deviation of 578µs/cm, with the threshold of
1914µs/cm (Table1). The spatial distributional pattern of the EC is
found to be increase towards gas microseepage areas and also
noticed a positive effect in oil field areas. It is observed to increase
2 times more from the normal background value in the areas
above gas field (Fig.3.A).

Hence electrical conductivity is found to be useful parameter to
locate gas and gas associated oil reservoirs. This anomalous
conductance may be attributed to high chloride concentration in
groundwater (Davies and Dewiest, 1966). The electrical
conductivity is high in gas seepage areas and oil bearing areas and
it ranges from 2,500µs/cm to 5159 µs/cm; in oil bearing areas the
spatial distributional pattern shows with little gas cap and in
barren areas it is below 2500µs/cm. This established observation
helps in reclassifying the spatial distribution of EC with the
demarcation of favorable and unfavorable areas for hydrocarbon
potency zone(Fig.3.B). It is also observed from the correlating the
spatial distributional pattern of total hardness (TH), chloride and
sodium shows the similarity and suggests EC is having good
positive correlation with TH, Cl and Na.

Total hardness (TH)

Total hardness of SGW in the study area varies from 41 to
326mg/1 with an average of 144, standard deviation of 54 and
threshold value of 199 (Table 1). The hardness of water is due to
the presence of alkaline earths such as calcium and magnesium.
However iron, strontium, barium, manganese and aluminum also
contribute to hardness (Brown et al., 1970).The total hardness
measurement of SGW gives an excellent clue in recognizing gas
reservoirs. The spatial distribution of total hardness is given in
figure 4.A. It has effect on the near surface groundwater due to
gas microseepage.

Gas from the reservoir diffuses near vertically to the surface along
with dissolved salts in their pathway and creates a local reducing
effect, which mobilizes calcium and magnesium, to dissolve in the
near surface ground waters and gets enriched. Dissolved bitumen
through the microbial filter also gives hardness increase. In the
study area the total hardness ranges greater than mean (44mg/1)
above gas accumulations and in oil and barren areas it is below
background value. The spatial distributional pattern of the TH has
shown good positive correlation with EC, K and Mg. Based on
the said observation with respect to the TH and its association to
microseepage the study area has been classified into two
categories as favorable and unfavorable zones (Fig. 4.3B).

Fig 5 A) Spatial Distribution of Cl in SGW B) Reclassified Spatial Distribution of Cl in SGW

Fig 6 A) Spatial Distribution of HCo3 B) Reclassified Spatial Distribution of HCo3
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Chloride (Cl)

The spatial analysis of chloride in SGW is found to be one of the
appreciable parameter as like that of TH in recognizing the effect
of microseepage. The chloride concentration in the SGW from the
study area ranges between 15.90mg/1 and 850mg/1 with the mean
of 220, standard deviation of 122 and threshold value of 343
(Table 1). From the spatial distribution map (Fig. 5A) it is
observed that the concentration of chloride is high in gas
microseepage areas (>220 mg/1) than in oil bearing and barren
areas. The micro-bubble movement of gas from the reservoir
through water filled network of micro fractures, bedding planes
and faults (Saunders et al., 1999) carry the chloride ion from the
subsurface groundwater or oil fieldbrine to the near surface due to
desalting affect during tertiary migration (Milner et al., 1977) and
concentrate as anomalous chloride rich areas.

This increases the salt concentration in near surface groundwater.
This desalting and migration effect is not observed in oil prone
areas or it may be presumed that the oil micro bubbles are poor
carriers of salts from the reservoirs. Hence the chloride
concentration above oil producers and barren areas is almost same
with little variation. The spatial distributional pattern of the Cl
shows good positive correlation with EC, Na and TH and also it
exhibits moderate positive correlation with K and Mg.

Based on the spatial distributional pattern of the Cl in the study
area, the region has been reclassified into two categories as
favorable and unfavorable zone founded on the micro seepage
accumulation (Fig. 5.B).

Bicarbonate (HCO3)

The bicarbonate ion in the SGW of the study area ranges from
1.40 to 9.20mg/1 with an average of 4.12mg/l, standard deviation
of 1.90 and threshold value of 6.02 (Table 1).The spatial
distribution of bicarbonate is shown in figure 6.A. The
microseeping hydrocarbons have a pronounced effect on
bicarbonate ion activity with in the neutral pH range. The process
involved is, vertically seeping hydrocarbons creates a local
reducing chimney effect in the near surface where the bicarbonate
ion actively participate in the formation of authigenic carbonate
minerals above the oil and gas accumulations.

Hence it was depleted in the ground water above oil and gas
accumulations and its normal concentration was maintained above
non-seeping/barren areas. Around the periphery, it ranges between
mean and maximum (4.12 and 9.20mg/1), but above oil and gas
accumulations, it is below mean. From this observation the study
are has been classified as favorable and unfavorable for
hydrocarbon prospect (Fig. 6.B) based on the seepage effect over
the bicarbonate.

Fig 7 A) Spatial Distribution of Na in SGW B) Reclassified Spatial Distribution of Na in SGW

Fig 8 A) Spatial Distribution of K in SGW B) Reclassified Spatial Distribution of K in SGW
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Sodium (Na)

In the study area, sodium ranges between 35 and 1965mg/1 with
an average of 209, standard deviation of 231 and threshold value
of 440 (table 1). The spatial distributions of Na concentration in
the SGW of study area are shown in fig. 7.A. From the pattern of
distributional variation in Na and its concentration, it is observed
that in the oil producing areas and above the gas cap oil reservoirs,
the concentration of sodium ranges between 209 and 1965mg/1
and in the areas having no seepage effect, it is below 209mg/1.
Based on the distributional pattern and its relation to the
microseepage the study area has been classified into favorable and
unfavorable zones for hydrocarbon prospect and is shown in Fig.
7. B.

Potassium (K)

The SGW exhibits that the potassium ranges are falls in between
0.90 and 92 mg/1, with an average of 16, standard deviation of 19
and threshold value of 35(table 1). From the spatial distribution
diagram (Fig.8.A) it is observed that the potassium is enriched in
the areas above gas seepage (>mean) but has been depleted above
oil bearing areas and totally absent or very negligible in the
barren/non seeping areas. The spatial distributional pattern of the
potassium is positively correlated with Cl, TH, Na and negatively
correlated with pH.

The depletion of potassium in the near surface ground water
above oil field areas may be due to slight increase in ground water
pH from neutral to slightly alkalinity and its concentration is
getting negligible in the SGW with pH greater than 9. The
distributional pattern of the concentration in potassium are helps
in demarcating the study area into favorable and unfavorable
zones for the hydrocarbon exploration (Fig. 8. B).

Calcium (Ca)

Calcium in the SGW of the study area ranges between 3.90 and
79mg/l with an average of 21.39, standard deviation of 12.02and
threshold value of 33.41(table 1). From the spatial distributional
pattern (Fig.9.A), it is found that depletion of calcium is observed
above the field and is enriched along the periphery.

The spatial distributional pattern is not showing any correlation
with other elements. From the observation of its concentration
variation with respect to the space, the study are has been
classified in to favorable and unfavorable for hydrocarbon based
on microseepage (Fig. 9.B) and its implications.

Magnesium (Mg)

Magnesium concentrations in the SGW of the study area are
varying from 1.20 to 50.40mg/l with an average of 22.20,
standard deviation of 11.15 and a threshold of 33.35 (Table 1).

Fig 9 A) Spatial Distribution of Ca in SGW B) Reclassified Spatial Distribution of Ca in SGW

Fig 10 A) Spatial Distribution of Mg in SGW B) Reclassified Spatial Distribution of Mg in SGW
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From the spatial distributional pattern (Fig.10.A), it is observed
that the enrichment of magnesium above gas accumulations and
no change from the background value above oil producers and
barren areas. The spatial distributional configuration has shown
good positive correlation with TH and Cland it shows negative
correlation with pH. Based on the variation in its concentration
with respect to spatial, it has been catgorised into favorable and
unfavorable for hydrocarbon prospect in the study area (Fig.
10.B).

CONCLUSION
The spatial distributional pattern and its reclassified diagrams
indicates that the most of the parameters have higher
concentration above the gas producing and oil producing regions.
It is obviously gives clues in understanding the role of possibility
of microseepage in the study area and also helps in distinguish the
area into two categories as favorable and unfavorable for
hydrocarbon prospect. The spatial analysis reveals that EC, TH,
Na and Cl are much helpful in determining the influence of the
microseepage. Also the spatial distributional pattern corroborates
with positive correlation with the gas and oil producing wells in
the study area and indicating the possible source for chlorine and
sodium is from the underground hydrocarbon reservoir, and their
enrichment may be due to seepage process. Based on the results,
the area has been classified as favorable and unfavorable for the
detailed hydrocarbon investigation has been deduced with the
help of GIS by means of adopting the strategy of weighted
overlay technique. The microseepage prospective classes based on
the Hydro geochmical parameters are shown in the Fig 11. The
total area of the Nagapatinamsubbasin (choosen for the present
study) is around 6017 sq.km. The areal extent for the further
exploration has been reduced by means of adopting the GIS
technique with the elimination of 3825 sq.km under the category
of unfavorable zone. The encouraging region for further detailed
exploration has been reduced to 2145 sq.km.

The study on geochemical characteristics of SGW emphasized the
usefulness of using the surface appearance phenomenon to predict
micro see page and hydrocarbon potency zone.
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microseepage. Also the spatial distributional pattern corroborates
with positive correlation with the gas and oil producing wells in
the study area and indicating the possible source for chlorine and
sodium is from the underground hydrocarbon reservoir, and their
enrichment may be due to seepage process. Based on the results,
the area has been classified as favorable and unfavorable for the
detailed hydrocarbon investigation has been deduced with the
help of GIS by means of adopting the strategy of weighted
overlay technique. The microseepage prospective classes based on
the Hydro geochmical parameters are shown in the Fig 11. The
total area of the Nagapatinamsubbasin (choosen for the present
study) is around 6017 sq.km. The areal extent for the further
exploration has been reduced by means of adopting the GIS
technique with the elimination of 3825 sq.km under the category
of unfavorable zone. The encouraging region for further detailed
exploration has been reduced to 2145 sq.km.

The study on geochemical characteristics of SGW emphasized the
usefulness of using the surface appearance phenomenon to predict
micro see page and hydrocarbon potency zone.
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