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Abstract. Isotopes and chemistry of unsaturated zone soil profiles in Saraf ki Dani, Sihania and
Lakrasar site in Barmer district of western Rajasthan, and precipitation samples collected at Chohtan,
the nearest meteorological station, have been used to study groundwater recharge and to characterise
the behaviour of contaminants in the subsurface. Soil water was extracted by vacuum distillation and
analysed for 2H and 18O, whereas elutriation methods were used for chemistry. Based on the observed
chloride profiles, groundwater recharge rates are estimated to be -10 to 18 mm per annum for the
above sites. 618O profiles at Sihania and Lakrasar (1999), reveal depleted 818O values observed at a
depth of ~2 m, possibly due to an episode of heavy rains during 1998. Depthwise distribution of of F",
SO4"

2 & NO3" at Sihania site II (1999) and 818O signatures confirm that evaporative concentration
occurs during dry periods. Enrichment of NO3" in the profiles may be related to fixation of nitrogen by
leguminous plants.

1. Introduction

For proper management of groundwater resources, information on direct recharge of
precipitation to the groundwater is important particularly in arid areas. The isotopic
composition and chemistry of water infiltrating through the unsaturated zone to the
groundwater body could be used to determine the groundwater recharge [1] [2] [3].

The aim of the project was to obtain profiles of isotopes (2H, 18O) and chemical species (Cl",
NO3", F" etc.) in the unsaturated zone to study groundwater recharge and information on
contaminant movement in parts of Western Rajasthan.

This report presents the studies carried out under the CRP from 1996 to 1999. In the following
sections a) description of the study areas, b) sampling for precipitation, unsaturated zone
sediment and groundwater, c) analytical procedure for isotopes and chemistry and d)
interpretation and recharge estimation are presented.

2. Description of the study area

The study areas are located in Barmer district of western Rajasthan (Fig.l).

A geological section covering the study areas is shown in Fig.2. It is evident from the section
that basement crystallines are encountered at shallow depths in Chohtan and further
southwards the basement is encountered at depths > 200 m. The thickness of the quarternery
sediments is therefore more in the southern part. The quarternary sediments generally consists
of wind blown fine grained sand forming top layer and older alluvium below. The sediments
belonging to the old alluvium form 2 layers, the upper layer consisting of fine to coarse sand
with calcretes, gravel and clay and the lower layer predominantly consists of clay with some
lenses of coarse sand, gravel and calcretes.
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The formation in the southern parts provides good yield as observed from high discharges
from tube wells located in these areas [4].

The climate in the study areas is arid. The rainfall is generally low and erratic. The maximum
amount of rainfall in the region is received during southwest monsoon period i.e. from June to
September.

The sites selected were

(a) Alamsar (Saraf ki Dani)

(b) Sihania

(c) Lakrasar
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Fig. 1. Location of the study areas.
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Fig. 2. Geological section from Chohtan to Sihania in Barmer district.

The sites were selected from the study of the lithologs of the boreholes in these locations.

The lithology of the tube well site in Alamsar near site (a) and in Sihania near site (b) are as
follows:

Alamsar Tube Well

S.No.
1.
2.

3.
4.
5.

Lithology
Fine grained wind blown sand brown in colour
Very fine grained sand with mixed with big pieces of
Calcrete
Fine grained sand brown in colour
Sand with Calcrete brown in colour
Sandy clay with calcrete brown in colour

Depth (m)
0-6.0
6-30.0

30 - 42.0
42 - 54.0
54-91.0

The water table is at 63 m. The discharge of the tube well is ~ 30 m3/day.

Sihania Tube Well (near Public Health Engineering Department Campus)
S.No.

1

2.
3.

Lithology
Fine wind blown sand earthy appearance having some mica
metier
Very loose sand having fine pieces of quartz
Sand, dark brown in colour having small pieces of calcrete

Depth (m)
0-2.0

2-17.0
17-32.0

The water table is at 23 m and the discharge of the public well in Sihania is 10 m3/day.
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The vegetation in the study areas is generally sparse. Crops such as mustard, Isabgol, cummin
seed etc. are grown during the rainy season. The human activity in the area is generally
farming, cattle breeding, growing sheep, goat, camel etc.

The nearest IAEA Global Network of Isotopes in Precipitation (GNIP) station is New Delhi.
Local rainfall data was collected from Chohtan which is ~ 25 km from Alamsar (Fig.l). The
rainfall data since 1957 to 1996 is presented in Fig.3. Long term mean rainfall in Chohtan was
240 mm.

rainfall [mm)
0 SO 100 160 200 250 300 350 400 450 500 550 600 650 700 750 800

Fig. 3. Rainfall data in Chohtan station, Barmer district.

3. Sampling for precipitation, unsaturated zone sediments and groundwater

(I) Precipitation samples were collected using a raingauge at Met. station at Chohtan.
Precipitation samples were also collected at Met. station in Barmer town. The samples were
analysed for 2H, 18O and chemistry.

(ii) Unsaturated zone sediments

(a) Soil cores were collected using a Dormer International Hand Drilling unit. The first set of
cores were collected at Saraf Ki Dani during 1997. Samples were collected upto a depth of
about 12 m, at an interval of 25 cm. The second set of cores were collected at Sihania site
during 1998. Coring was attempted upto the water table i.e. 22.6 m. However, due to the
presence of rubbles and calcretes at depths > 15 m, coring had to be stopped after 15 m. Cores
were collected at an interval of 50 cm. Third set of cores were collected at another location at
Sihania site during 1999. At this site again, coring could be carried out only upto 15 m depth.
Finally the fourth set of cores were collected at Lakrasar upto ~ 7 m depth. The core samples
were processed and soil water extracted were analysed for isotopes and chemistry.
Groundwater samples were collected from open wells and tubewells at Saraf Ki Dani, Sihania
and Lakrasar for isotopes and chemical analyses.
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4. Analytical procedure for isotopes and chemistry

Environmental isotopes 2H and 18O:
Soil water from soil cores was distilled under vacuum at 100°C. ~ 100 % of soil water was
collected. The soil water was analysed for 62H and 818O using a 602E VG ISOGAS mass
spectrometer in BARC

0 1 it

ô H and 8 O of precipitation and groundwater samples were also analysed in a similar
fashion as soil water.

Determination of moisture content and chemistry of soil water moisture:
Unsaturated zone soil samples were taken and moisture content determined by gravimetric
method.

Chloride, fluoride, nitrate and sulphate content of soil water:
50 g of the soil sample was taken in a 250 mm flask and ~ 25 ml of distilled water was added
to it. The flask was shaken well and kept as such of 2 -3 hours. The leachate was decanted into
polythene tubes and centrifuged for ~ 10 minutes. The supernatant was collected and assayed
for chloride, fluoride, nitrate and sulphate.

The chloride was measured using the spectrophotometric method [5] as well as using Dionex
500 ion chromatograph. The remaining species (flouride, nitrate and sulphate) were measured
only on ion chromatograph. For ion chromatograph measurement Ion Pac As 11 in
combination with guard column AG 11 were used for the separation of the ions. ED 40
electrochemical detector in conductivity measuring mode was used for the detection of the
ions. The precision of measurement by spectrophotometric method was 0.5 ppm for Cl~
whereas with ion chromatograph it was 0.4, 0.25, 1 and 1.5 ppm respectively for Cl", F", NO3"
and SO4"

2

5. Results

5.2. Precipitation samples at Chohtan and Banner

ô2H, ô18O and Chemistry of precipitation samples at Chohtan and Banner were analysed. The
results obtained are as follows:

weighted average of 8I8O -3.4%o (Chohtan)

Average chloride content 2 ppm (Chohtan)

5.2. Soil water samples

(A) Saraf Ki Dani Site (1997)
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Fig. 4. Moisture content and Chloride profile at SarafKi Dani Site (1997).

(a) The moisture content profile (Fig. 4) shows low moisture contents at depth 2-4 m (
(w)) and below 4 m the moisture content varies from 1.5 to 3 %.

1 %

(b) The chloride content profile (Fig 4) shows steady state value of- 50 ppm at depths of 4 to
6 m. Direct recharge using the chloride balance method [1] works out to be 9.6 mm per year.
(The chloride content increases to a maximum of 750 ppm at a depth of 9 m )

(B) Sihania Site -1 (1998)
The moisture content profile (fig.5) show low moisture content (~ 1 %) in the top 1 m and
then increases to 3.5 % at a depth of ~ 3 m. After this there is a decrease upto 2% at a depth of
~ 4 m. Subsequently the moisture content steadily increases upto 4% at depths between 10 m
to 14 m.

- The 818O profile (fig.5) shows enriched values of 0%o at a depth of about 4 m and then a
steady depletion to -7%o at a depth of ~ 6 m and subsequently shows enrichment and below 10
m gives steady value of about -4%o.
- Ô2H - Ô18O plot show an equation of Ô2H = 7.0 Ô18O - 5.7 (r2 = 0.96, n = 17). This line
deviates from the meteoric water line (Fig. 6).
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Fig. 5. Moisture content and Oprofile at Sihania I (1998)
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Fig. 6. êH - $8O- plot of soil water samples at Sihania II (1998).
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Fig. 7. Moisture content and Chloride profile at Sihania I (1998).

Chloride profile (fig. 7) show steady state value of 33 ppm. Direct recharge works out to be
14.5 mm.

(A) Sihania site II (1999)

-7 -6 -5 - 4 - 3 - 2 - 1 0 1 2 3-10 -9

Fig. 8. Moisture content and 18O profile at Sihania site II (1999).

(i) The moisture content of soil cores during April 1999 (fig. 8) show low moisture content (~
2%) in the top 1 m where as it increases to around 3.5% at 5 m. Subsequently the moisture
content increases upto 4% below 12 m.
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(ii) The 518O profile (Fig. 8) show enriched values in the top 1 m as expected and then at
depths of 1.5 to 2.5 m show depletion upto -9.9%o. Depleted 818O at shallow depths could be
due to heavy rains during 1998 rainy season. Subsequently the profile shows another depleted
ô O signature at ~ 5 m and enrichment to 1.7%o at depth of 8 m. After which the 6 0 profile
shows steady value of- 4%o.

(iii) The 82H - 818O plot (Fig 9) show 2 groups of samples, one group with equation 82H =
4.7818O - 21.6 (r2 = 0.96, n =15) showing evaporation effect and the other group having an
equation 82H = 6.1 818O - 6.3 (r2 = 0.88, n = 11) showing less evaporation effect. Stable
isotope could be used to distmgush between high and low evaporation within the profile.
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Fig. 9. $H- 38Oplot of soil water samples from Sihania site II (1999).

(iv) Chloride profile (fig. 10) shows a steady state value of 26.5 ppm. Direct recharge works
out to b e - 18 mm.

(v) Environmental NO3", SO4 and F" were plotted with respect to depth and presented in
Fig.l 1. The NCV profile shows peak value of- 100 ppm at 7.5 m and 12 m depth. The source
of NO3" is to be identified using 815N. The enrichment of Nitrate is possibly due to fixation of

-2Nitrogen by leguminous plants [6]. The SO4" profile shows peak concentration of- 100 ppm
at the top 25 cm and subsequently show an average value of •
peak values of- 12 ppm at a depth of- 8 m.

25 ppm. The F" profile show
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(D) Lakrasar site (1999)
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Fig. 12. $8O, moisture content and chloride vs depth, Lakrasar site (1999).

The ô18O, moisture content and chloride profile (fig.14) at Lakrasar show similar trends as
observed in Sihania site.

The average chloride content in the profile is 39.3 ppm. The recharge valve works out to be 12
mm/year.

The 818O profile show depleted values at depth of- 1.5 rri to 2 m from the surface as seen in
Sihania site.

6. Discussion of the results

(I) Groundwater recharge from Chloride

The groundwater recharge computed profile for Saraf Ki Dani, Sihania and Lakrasar sites are
given in table below:

S.No.
1.
2.
3.
4.

Site
Saraf Ki Dani (1997)
(a) Sihania (1998)
(b) Sihania (1999)
Lakrasar (1999)

Recharge (mm) ( ± 0.5 mm)
10

14.5
18
12

The recharge value at Saraf Ki Dani is lower compared to other sites as the soil is composed
of fine grain sand. In Sihania and Lakrasar with recharge ranges from 1 2 - 1 8 mm. The
variation of recharge at 2 sites in Sihania separated by ~ 50 m could be due to matrix
conditions in the unsaturated zone.
(ii) Ô18O profile.
The S18O profile at Sihania and Lakrasar show depleted values at depths of ~ 2m. The
depleted values could be due to heavy rains during 1998.
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(iii) Nitrate, Sulphate and Fluoride profiles

The depthwise distribution of anions (NO3", SO4"2, F") shown in figure 11, show peak values ~
8 m below surface. Nitrate profile show an additional peak at ~ 12 m. Comparison of these
profiles with 618O profile show that enrichment in 618O at ~ 8 m depth. This indicates that the
higher concentration of anions observed at ~ 8 m could possibly be due to concentration due
to evaporation.

7. Conclusions

(a) The groundwater recharge at Saraf Ki Dani, Sihania and Lakrasar in Banner district range
from- 10 to 18 mm.

(b) From Ô18O profiles at Sihania and Lakrasar depleted values observed at shallow depths of
~ 2 m could be due to heavy rain during 1998. Stable isotopes could be used to distingush
zones of high and low evaporation within the profiles.

(c) Peak value a t - 8 m observed in depthwise distribution of NCV, SO4"2, F" at Sihania
indicate evaporative concentration during dry period as confirmed by comparing it with 618O
profiles. Enrichment of NO3" in the profile could possibly be due to fixation of Nitrogen by
leguminous plants.
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