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Figure 5 is a classified image of 2005 showing the distri-
bution of the existing forest. The vegetation removed
from the study area due to industrial expansion can be
observed from Figure 6. Removal of the forest area was
observed by comparing the classified image and the
zones of expansion of industrial units extracted by the
change detection from 2005 to 2011. Table 1 compares
the loss of the existing forests in different categories. The
total loss of forest in the area was found to be around
1265.36 ha from 2005 to 2011, with maximum expansion
during 2005-2009 and within 5 km radius.

The zones of industrial expansion were verified on the
ground (Figure 7) and the locations were found to match
with the results extracted by change detection. It was
found that large areas are being converted to non-forests
due to industrial expansion. Figure 8 shows the ground
photographs of some industrial units. The names of all
the units are not been mentioned but the location of each
unit as shown in Figure 7 constitutes the manufacturing
unit, the mining area, etc. of several cement industries.

The present study has been carried out in a small area
of radius 5 and 10 km to understand the ongoing changes
in the immediate vicinity of the cement manufacturing
units. It is observed that the changes are occurring in the
immediate surroundings, particularly within the radius of
5 km, which is perhaps due to the expansion of the manu-
facturing units. Major changes are noticed from 2005 to
2009, while the expansion continued during 2009-2011.
The expansion has been occurring in the forested region.
The total loss of forest within a short span is found to be
1265.36 ha, which is supported and validated with the
ground information. This study attempts to observe and
extract the forest—non-forest conversion using automated
software like DeltaCue and also indicates the ongoing de-
forestation taking place due to the establishment of such
industrial units in the region. At the same time there is
increase in mining activity where good forest areas
existed in the past. On the ground, it is found that a con-
glomeration of the manufacturing unit exists in this
region. Therefore, it is important to take the immediate
necessary steps to control further expansion leading to
change from forest to non-forest land-use categories.
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Hydrogeochemical assessment of precipitation, streams
and springs of Bringi watershed, SE Kashmir has
revealed that Ca and HCO; are the dominant ions,
making up more than 50% of the total ions, which
indicates carbonate lithology as the dominant source
of ionic species. However, increased Na in some sam-
ples, particularly Kongamnag, indicates the impact of
silicate weathering on water chemistry. The dominant
order of cations and anions in the water samples is
Ca > Mg > Na>K and HCO; > SO, > CI respectively.
In both streams and springs, electrical conductivity,
total dissolved solids (TDS), Ca, HCO; are high dur-
ing winter when the discharge is low and low during
summer when the discharge is high. However, Koker-
nag and Achabalnag springs also show higher concen-
trations during July, resulting from piston effect. The
springs show a significant variability of TDS, with
highest value of 180 mg/l observed at Achabalnag
followed by Kokernag (130 mg/l) and Kongamnag
(90 mg/l). The high variability of TDS indicates rapid
and strong reaction of Achabalnag to hydrological
events followed by Kokernag and Kongamnag.

Keywords: Bringi watershed, hydrogeochemistry, Karst
springs, Kashmir Himalayas.

NATURE has bestowed the Kashmir Valley with ample
freshwater resources in the form of snow and glaciers,
surface water and groundwater. Towards SE Kashmir,
numerous freshwater springs are concentrated in Anant-
nag district' (‘Anant’ in Sanskrit language means count-
less and ‘Nag’ in the local language means springs),
occurring along the foothills of Pir-Panjal range, con-
trolled by limestone lithology®. Besides being of histori-
cal importance for decades, the spring water has been
majorly used for domestic and agriculture purposes since
prehistoric times.

As a result of chemical reaction between groundwater
and carbonate minerals, the chemistry of groundwater
changes from low mineralized to highly mineralized®,
particularly HCO;, Ca and Mg (ref. 4) until a quasi-
chemical equilibrium is reached’. The highly mineralized
groundwater emerges at the surface in the form of a karst
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spring, provides information about the geology of the
recharge areas®, flow paths’ and recharge environments”.
Numerous studies have been carried out to examine the
effect of source rocks over chemical composition of natu-
ral waters’. The studies have shown that chemical weath-
ering of rocks in the drainage basin is largely controlled
by carbonate dissolution™®. The major ion chemistry thus
acts as a powerful tool for determining source of solutes
in groundwater’, response of karst aquifers to hydrologi-
cal events'® and for describing evolution of water as a
result of water—rock interaction, leading to the dissolution
of carbonate minerals'"'? silicate weathering'® and ion-
exchange processes'*.

In this communication, major ion chemistry of precipi-
tation, surface and groundwater has been interpreted for
better understanding of the mechanism of interactions and
of the processes controlling the composition of surface
water and groundwater, for making more informed envi-
ronmental decision for protection of the valuable water
resource of the region.

Bringi catchment, one of the main upland catchments
of River Jhelum, lies towards the SE of Kashmir Valley
in Western Himalayas between lat. 33°20'N and 33°45'N
and long. 75°10'E and 75°30’E (Figure 1), covering an
area of 595 sq. km. The elevation of this mountainous
catchment ranges from 1650 m amsl at Achabal town to
more than 4000 mamsl near Sinthan top. The Bringi
watershed is drained by the Bringi stream which is fed by
a number of tributaries, of which the important ones are
east Bringi and west Bringi'’. The streams are mostly fed
by seasonal snow melt which generally lasts up to August
and September. Bringi stream joins River Jhelum at
Anantnag.

Three major springs occur in the Bringi watershed,
namely Achabalnag, Kokernag and Kongamnag (Figure
1). At Achabalnag, water issues out from the base of
Sosanwar hills'® from two sites that are 150 m apart, with
one major outlet carrying 75% of the total discharge. At
Kokernag, water issues out from several places along a
50 m front at the base of a limestone hill and is chan-
nelled through a garden. At Kongamnag, water issues out
from Karewas in the form of a pool, at the base of a lime-
stone hill and is channelled through the surrounding
villages.

The Bringi watershed has diverse rock types ranging in
age from Palacozoic sedimentary rocks to Recent allu-
vium'"™", with Panjal Traps and Triassic Limestone as
the dominant formations of hydrogeological importance
(Figure 2). Upper Paleozoic rocks, lava, pyroclasts and
arenites are only marginal to the study area, although they
support most of the head-water drainage. Overlying these
is a sequence of Triassic Limestone'®, though nowhere
fully exposed, almost certainly more than 1000 m thick.
The limestone is by no means pure and contains 15-90%
dolomite with higher value being more spread”. In the
vicinity of springs, the limestone is thinly bedded with

CURRENT SCIENCE, VOL. 106, NO. 7, 10 APRIL 2014

shale partings present in most bedding planes, rarely
more than 2 m apart. Horizons of shale and sandstone up
to 5 m thick are also common throughout the succession.
Karewas are the fluvio-lacustrine deposits that contain
unconsolidated material like light grey sands, dark grey
clays, coarse to fine-grained sand, gravel, marl, silt,
varved clays and lignite®'. The alluvial deposits comprise
Recent sediments containing fine silt and mud, though
active flood plains are mainly of coarse gravel and boul-
ders®*. Due to low hydraulic conductivity, alluvium and
the Karewas block the water flowing through the Triassic
Limestone and water appears in the form of a spring at
the contact between soft rocks and Triassic Limestone.
Water samples from precipitation, snow melt, streams
and springs were collected for the study of major ion
chemistry on bimonthly basis from March 2008 to Janu-
ary 2009 across the Bringi watershed. The samples were
collected following standard procedures®> . For major
ion analysis, 3 precipitation (rainwater) samples, 6 stream
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75°15" 75°30"

33°4p" 33°45"

INDEX

7 Alluvium

ambro Silurian
Karewa

Muth Quartzite
Panjal Traps

B2 Triassic Limestone
/\/ Bringi Stream

33°3' 33°30"

10 o 10 Kilometers

75°15" 75°30"
Figure 2. Geological map of the study area.

1001



RESEARCH COMMUNICATIONS

samples and 18 spring samples were collected in high-
density polyethylene bottles (HDPE). To avoid the effect
of floating debris, the stream and spring water samples
were collected at depths greater than 30 cm below the
water surface®*. Prior to sample collection, the containers
were washed with concentrated HNO; and completely
rinsed with distilled water and then using the water that
was to be sampled®.

The master parameters such as water temperature, pH
and electrical conductivity (EC) were determined in situ.
Water temperature was measured by the standardized
digital temperature meter (EI-421E), pH by the standard-
ized digital pH meter (EI-432) and conductivity by stan-
dardized digital EC meter (EI-621). For major ion
analysis, the samples were filtered through <0.45 pm
nucleopore filter paper to separate the suspended sedi-
ments?®. Major ion analysis was carried out in the
Department of Earth Science and Department of Envi-
ronment Science, University of Kashmir, Srinagar. Major
ion analysis was carried out according to the standard
methods®. Total dissolved solids (TDS) were determined
by EC*0.64 (ref. 27). Ca’>" and Mg®" were determined by
EDTA titration using murexide as indicator, whereas Cl™
estimation was done by titrating the samples against
AgNO; (0.02 N) using potassium chromate (5%) as an
indicator. HCO3 was determined by titration of the water
sample against HCI (0.01 N) in which methyl orange was
used as an indicator. Na" and K" concentration in the
samples was determined using flame emission photo-
meter (Systronics-130). SO%, F, SiO; and NO3 were
determined by UV-VIS spectrophotometer (EI-1371).

The results of physico-chemical parameters of water
samples are presented in Table 1. The precipitation sam-
ples are alkaline in nature with pH ranging from 8.6 to
8.9 at an average of 8.75. EC ranges from 64 to 78 uS/cm
with a mean of 70 nS/cm. Chemical analysis of the pre-
cipitation water demonstrated a narrow range of salinity
(TDS; 41-50 mg/]) at an average of 46 mg/l. Precipitation
samples showed cation order as Ca (66%)> Mg
(21%) > Na (12%) > K (1%) and anion order as HCO;
(83%) > SO4 (10%) > CI (7%). The concentration of dif-
ferent cations and anions in precipitation can be attri-
buted to the dissolution of different gases and dust
content by atmospheric precipitation®®. However, the high
content of calcium and bicarbonates may also be due to
stone crushers and cement industries located in the study
area. The industries use limestone for cement production,
which results in high emission of limestone dust into the
atmosphere.

The temperature of the streams corresponds to the
ambient temperature, ranging from 9.6°C to 17.4°C, with
an average of 12.48°C. Stream water samples are moder-
ately alkaline to alkaline in nature with pH ranging from
7.8 to 9.8 with an average of 8.2. EC ranges from 140 to
235 pS/cm, with an average of 175 uS/cm. TDS in the
stream water samples vary from 89 to 193 mg/l with a
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mean of 122 mg/l. About 50% of the samples show cation
order as Ca (61%) > Mg (26%) > Na (12%) > K (1%) and
anion order as HCO; (89%) > Cl1 (7%) > SOy (4%). The
other 50% of samples show cation order as Ca (62%) >
Na (21%) > Mg (13%) > K (4%) and anion order as
HCO; (88%) > S04 (8%) > CI (4%).

The springs of the study area are fresh, colourless and
odourless. Temperature of the springs ranges from 8.2°C
to 14.4°C with an average of 12.2°C. Achabalnag and
Kokernag show greater annual variability of temperature
(~5.4°C and ~3.8°C) compared to Kongamnag with a
variability of 1.7°C. The difference in variability in water
temperatures may be attributed to shorter route of water
at Achabalnag and Kokernag and longer route at Kon-
gamnag. All the springs of the study area are neutral to
moderately alkaline with pH ranging from 7.0 to 8.2, with
an average of 7.6. EC of the springs ranges from 142 to
520 pS/cm, with an average value of 314 puS/cm. Highest
EC is observed in Kongamnag during March and lowest
in Achabalnag during May. TDS in the spring water sam-
ples of Bringi catchment ranges from 90 to 339.2 mg/l,
with a mean 0of 206 mg/l. Highest concentration of TDS is
observed in Kongamnag during March and lowest con-
centration is observed in Achabalnag during May. How-
ever, like EC, Achabalnag and Kokernag also show
increased TDS during July. About 89% of water samples
show order of cations as Ca (54%) > Mg (30%) > Na
(15%) > K (1%) and 11% of samples show an order of Ca
(53%) > Na (26%) > Mg (20%) > K (1%). Ca*" is domi-
nant among the cations. About 78% of samples show
anion order as HCO; (86%) > SO, (10%) > Cl (4%) and
22% of samples show an order of HCO; (92%) > Cl (5%)
> S04 (3%).

The major ion chemistry of groundwater is a powerful
tool for determining solute sources and for describing
water evolution as a result of water—rock interaction lead-
ing to the dissolution of carbonate minerals, silicate
weathering and ion-exchange processes'**"’. In order to
understand the source of the solutes in a broader perspec-
tive, the hydrochemical data are plotted in the Gibbs
diagram’®® (Figure 3). All the stream and spring water
samples fall in the rock dominance area of the plot, which
suggests that chemical weathering of the rock-forming
minerals is the main process contributing ions to surface
and groundwater. According to Piper trilinear diagram®’
(Figure 4), the order of four hydrochemical water types
identified is Ca—Mg-HCO;> Ca—HCO; > Ca—Mg—Na—
HCOj; > Ca—Na—-HCO;. The water types have result from
the congruent dissolution of carbonate-hosted lithology.
The evolution of surface water is observed to be simple
with all streams changed into Ca—Mg-HCO; water type
due to easy dissolution of carbonate minerals and less
time for water—rock interaction. However, as the water
infiltrates downwards, more and more chemical constitu-
ents are added and groundwater evolves and modifies to
different water types depending upon the flow path and
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host lithology’. The water samples are also plotted in
Langelier—Ludwig diagram’> (Figure 5). Surface water
and spring water are characterized by one main trend, i.e.
carbonate dissolution. The plot shows that the spring and
stream water samples are dominated by the carbonate dis-
solution with Ca—Mg-HCOj; as the principal water type
observed in most of the karst springs and streams of the
study area.

To understand the major lithological source for the sol-
utes in water samples, various scatter plots were drawn.
In (Ca + Mg) versus HCO; (Figure 6 a), the data points of
the stream water samples fall close to the equiline, indi-
cating the dissolution of carbonate lithology as the domi-
nant process of solute acquisition. However, the deviation
of some spring water samples from the equiline indicates
some other source for HCO;. In the scatter plot
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(Ca + Mg) versus (Na + K) (Figure 6 b), the data points
fall well below the equiline suggesting carbonate litho-
logy as dominant source of major ions. The excess con-
centration of (Na+ K) over (Ca+ Mg) in some spring
water samples (Kongamnag) indicates the impact of sili-
cate lithology. The contribution from silicate rocks can-
not also be ruled out because of their widespread
distribution in the study area. In the plot (Na + K) versus
CI" (Figure 6 c), most of samples fall above the equiline
indicating some extra source of Na (K being very less and
almost having homogeneous values). Figure 65 and ¢
favours the role of silicate weathering in the contribution
of some major ions, particularly Na.

Ca/Mg molar ratios in the surface and spring waters of
the study area averaged at 4.6 (range =2.7-10) and at
1.99 (range = 1.1-2.2) respectively. In the surface water
samples, the molar ratios are high in November (5.2) and
low in March (2.7), whereas in groundwater samples the
molar ratios are high in July (2.9) and low in May (1.7).
The high variability of the Ca/Mg molar ratio in surface
waters indicates various sources of Ca and Mg, including
carbonates and silicates during different seasons. As all
the water samples are undersaturated with calcite and
dolomite’, the variation in Ca/Mg molar ratio seems to be
dependent on the lithogenic source. Low molar ratio is
attributed to the weathering of silicates and/or dolomite,
and high molar ratios can result from calcite weathering.

The plot Ca/Mg versus Mg (Figure 7 a) shows decrease
in molar ratio with increase in Mg concentration, indicat-
ing dolomite weathering as the source of Ca and Mg. In
the Ca/(Ca + Mg) versus SO4/(SO4 + HCO3) plot (Figure
7b), all the surface water and most of the spring water
samples are characterized by high Ca/(Ca + Mg) molar
ratio indicating that the waters react mainly with calcite.
However, the spring waters with intermediate values
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indicate the interaction with dolomite as well, particularly Results of the physico-chemical analysis suggest that
in May when recharge due to the melting of snow is atits  the karst springs and the Bringi stream have similar
peak. The Ca/(Ca + Mg) molar ratios of 0.5 and 1 corre- chemical composition. However, there are subtle differ-
spond to the dissolution of stoichiometric dolomite and ences in major ion chemistry between the springs. Acha-
pure calcite respectively”. The relative increase in Mg  balnag and Kokernag located at lower altitudes have less
with the increase in SOy in stream water samples, sug-  ionic concentration compared to the high-altitude spring
gests the simultaneous process of dedolomitization and  (Kongamnag). At Kongamnag time of contact of water
the gypsum and/or anhydrite dissolution. with the bedrock is more compared to Achabalnag and
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Kokernag, which has resulted in high concentration of
ions at Kongamnag. Water temperature both in streams
and springs shows a distinguishable summer maximum
and winter minimum. Similarly, the discharge of streams
and springs begins to rise in spring attaining a maximum
in summer, indicating enhanced recharge associated
mainly with the melting of snow and a low during winter
and spring reflects the low percolation rate during cold
period (Figure 8). Frost action and to a large extent
accumulation of precipitation on the surface in the form
of snow mainly results in lower recharge rates during
winters.
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In both streams and springs, Ca** and HCOj5 are the
dominant ions making up more than 50% of the ionic
concentration. The chemographs of TDS, Ca** and HCO3
plotted between streams and springs show that the con-
centration of ions is high during March and January and
low during the rest of the months (Figure 9). During
March and January, because of frost action and less
groundwater recharge, there is more residence time of
groundwater which has resulted in prolonged rock—water
interaction and thus more ions are acquired. On the other
hand, during summer there is significant groundwater re-
charge and less residence time of groundwater which has
resulted in low rock—water interaction, which lowers the
dissolved ions in springs. However, in Achabalnag and
Kokernag, the ions also show high concentration during
July which may have resulted from the piston effect.

The plot of TDS versus spring discharge (Figure 10)
shows that in July both discharge and TDS increase
simultaneously. This observation indicates the arrival of
highly mineralized water from deeper zone of the aquifer
due to increased hydraulic pressure in the aquifer. Such a
behaviour is not observed in Kongamnag, which indicates
the slow movement and longer residence time of water
compared to other springs. The chemographs plotted dur-
ing different months for streams and springs show a posi-
tive correlation, which indicates that springs are fed by
Bringi stream at different elevations. Further, the springs
also show variability in their TDS with a significant vari-
ability at Achabalnag (~180 mg/l), followed by Kokernag
(~130 mg/l) and Kongamnag (~90 mg/1), which indicates
that Achabalnag reacts more rapidly and strongly to hy-
drological events followed by Kokernag and Kongamnag.

Chemical analysis of the precipitation water as well as
stream and spring water samples revealed that Ca®" was
the dominant cation followed by Mg®*, Na" and K.
Among the anions, HCO3 was the most dominant fol-
lowed by SO%, CI” and NO3. The order of four hydro-
chemical water types identified was Ca—Mg—HCOj; > Ca—
HCOj; > Ca—Mg—-Na-HCO; > Ca—Na-HCO; it suggests
congruent dissolution of carbonate-hosted lithology. The
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Figure 10. Relationship of TDS at Kokernag and Achabalnag with

spring discharge depicting piston effect.
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evolution of surface water is observed to be simple with
all streams changed into Ca—Mg—HCO; water type due to
easy dissolution of carbonate minerals, less time for
water—rock interaction and short route of flow.

However, as the water infiltrates downwards, more and
more chemical constituents are added and groundwater
evolves and modifies to different water types depending
upon flow path and host lithology.

Various scatter plots revealed the carbonate lithology
as the main contributor of ions in the groundwater. How-
ever, Kongamnag showed the impact of silicate weather-
ing also. Results of the physico-chemical analysis suggest
that the karst springs and the Bringi stream have similar
chemical composition. However, there are subtle differ-
ences in the major ion chemistry between the springs.
Achabalnag and Kokernag located at lower altitudes have
less ionic concentration as compared to the high-altitude
spring (Kongamnag). The hydrographs and chemographs
were plotted during different months in order to deter-
mine the type of discharged waters. In both streams and
springs EC, TDS, Ca and HCO; were high during winter
and low during summer. However, Kokernag and Acha-
balnag showed piston effect during July. The chemo-
graphs plotted during different months for streams and
springs showed a positive correlation which indicated
that springs are fed by the Bringi stream at different ele-
vations.
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