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ABSIT n £t CT

The report deals with the hydrochemical investie-
gations carried out between 1976 - 1582 in Jalore district,
as a part of detailed ground water surveys under Drought
Prone irea Programme {:PLP). During these surveys 9,692
water samples wére collected periodically and repeatedly,
from various water bearing formations and were subjected
to chemical analysis, They represent formations ranging
from crystalline to the quatemary,

Ground water in the district is fresh to saline
and the electrical conductivity in phreatic aquifer and
even in deep acuifer varies widely., It is betweon
430 ALS/C to 27,000 M3/ and 360 MS/G1 to 50,000 MS/CM
in phreatic and decper aguifer rospectively. Jaswantpura
and ileniwara Panchayat 3amities have mostly fresh water,
while saline ground wster mostly occurs in 3anchore,
north of Bhinmal, west of Saila, ncrth of fhore and Jalore,

Ground water occuring in younger alluvium cxcept
in west of Sanchorec, is freosh to moderately salinc having
HCO, — CL type to C1l - HCO5 type of chemical character,
vhile in older alluvium and teitiary it is mincraliscd
with, predominantly, seodium salts. Waters representing
granitic foruation are mogtly potablc and soft with high
fluoride content, Nitrate in water is obscrved in &ll
the formgtions but it is comparatively less in deeper
aquifer,

Bicarbonate type of water occurs along hilly
terrain and foot hill zones of Jaswantpura, laniware
and extramc northcern part of Saila closc to Siwana hills,
which from the recharge zone., The ground woter changes
to mixed type around Bhimnmal, Saila ond Jalore to finally
chloride type in west of Sanchore, north of Bhinmai,
north-west of Saila =mnd north of fhore,
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Ground watcer from phreatic and decper aguifers
of Joswentpura and laniwora is suiteble for general
~domestic usc.  Thoy cre mostly free Zrom harme-ful level
of nitrete and fluoride, In perts of fhore, Jalore,
Saila and Bhinmel blocks wrbers are tolersble tut found
to contoin high fluoride as cvident from dentsl fluorosis
cmongst the local populstion, However, drinking woter
1s a problem in Sanchore, north of Bhinmal ond west of
Salla where it ig saline ond in some crea high nitrote
elso probilits its use for drinking,

Weter quality ovnluation for rgriculturc
based on weter rating Criteria (1972), hes indicoted
that ground water upto 8,000MS/01 is suited for usc in
irrigotion, ©0ils conditions are favoursble for growing
selt tolerent crops, Fow botter curlity area show high
RSC and sodium percentoge in ground woter, where
application of gypsum to the soils boforo irrigeti-n
is suggested,
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CHAPTER - 1

INTRODUGCTIQON

Ground water investigations in part of
Jalore district were carried out from time to time
by State and Central Ground Water Tepartments in
the last two decades. Based on the findings of
these investigations, various minor irrigation
schemes and other programmes for exploitation of
ground water were subgequently formulated and
implemented.

Because of these ground water development
programmes certain fresh water areas appeared to be
over exploited while vest area of saline track
remained untsvped, due to nonavailability of
detailed informations on hydfogeological and hydro-
chemical characters of the aquifers.

Therefore, detailed hydrogeological
investigation under Drought Prone Area Programme
(D.F.4.P.) were initiated from the year 1976 - 77 to
evaluate the ground water potential and to delineate
precisely the fresh Water aquiferénin séline area of
the district.

The hydrochemical investigations formed
a part of these studies with the objective to study the
distribution of various dissolved selts. in ground
water, their relationship to aquifer characteristics
and their suitability for drinking, domestic
agricultural and livestobcks purposes.

IOCATION: )
Jalore district is situated in the south
wegtern pasrt of Rajasthan and has an zreal extent
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of 10,64C Sg.Kms. It lies between latitude
249311 to 25°45' and longtitude 71°7' to 73%6!.

TOPOGRATHY

In Jalore district elevation of the area
ranges from 76.20 mts. zbove M.S.L. in the ewest, at
the confluence of the Luni and Jawai - Sukari rivers,
to 609.60 metres above M.S.L. in the east.

Generally, the terrain slopes towards west, the

valley floor has sn average elevstion ranging from
60.96 metres to 213,36 metres sbove M.S.L. The hill
tops are normally shaped by weathering which has riven
rise to tors and boulders of various shapes =znd

sizes in the esstern part while sand dunes are

common topogrephic features in mid-eastern angd

vestern part.

Geomorphologically, the alluvial valley
floor belongs to @ natural landslope system. Much of
the drainage patterns was esteblished during plei-

-stocene and sub-recent times. The arid cycle thus
conditioned the initial fluvial land forms through
the formation of sand dunes and sandy plains,
Super imposed on earlier aggregated 2lluvial
plains and slopes.

DRAINAGE - CLIMATE - RAINFALL

The region is drained by the ITuni river =nd
its tributaries originating from the 4Aravalli hill
ranges, The mzin tributaries of Tuni river are
Jawai, Sukari, Kheri, Bendi ond Sagi. 411 rivers
are ephemerzl with braided meandering courses =nd
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wlde flood plains., Besides these, there are
innumerable 0l1d channels turied under winé blown
sand.

The area lies in the arid to semi arid
zone of Rejasthan with extremes of climate and
high diurnel variations in temperature, May - June
is the hottest part of the year when day temperszture
rises even upto 43°C while December - January
experienced extreme winters with temperature falling
2g low as 2,5°C.

The rainfall in the fegion is very low
and erratic, the normel snnual precipitation record-
-€d 1s 384.0 mm (1901 ~ 1981), which shows the
probable error of 188,2 mm., South-west monsoon
contributes 92.2% of annual rzin fall during monsoon
period. Most of the rainfsll is lost by evaporatiocon
and partly by run off. 4n average annual rainfall
recorded ot Jalore Station is 379.86 mm.

HYDROGEOQIOGY

Geological formations encountered in the
area range in age from post Delhi intrusives to the
Quaternary comprising of loosely consolidated to
unconsolidsted &lluvial deposits and blown sand.

The younger alluvium forms the major promi-
—-8ing aquifer in the area having generally fresh water.
It is generally loosely consolideted to unconsolidated
stream laid deposits of gravels and sands. Older
alluvium generally conteins saline water or water of
mixed character, and is composed of unconsolidated
to semi-consolidated sand snd gravel with eclay, kenkar
and silts.
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Tertiary formations comprising thick
consolidated clays, silts and gravel, medium to
coerse sand with shale fragment and little clays
are found in deeper horigona, It generally yields

wolere¥ely HWalinie vBter .

Melani yoleanics consist of rbyplitees end
felsites, inteycalated with acid tuff in P¥Troal=
egtie materisl . These are having well developea
Joints system which are gapable of giving moderate
dischearge, generally yYielding fresh water,

Jalore granites also have well developed
Joints and the weathered mantle which yield mainly
fresh and mixed type water depending upon topography
of the area.

Erinpuré grenites are weathered fractured
and we11 301nted, confined to” south of’ Bhinmal. It
cohtains mg_mly‘fresh to tolérable qualltw of water.

ﬂETHODOIDGY

The following methodclbéy Was‘aGOpted to
study thé hydrbchem;stry of ground water-- o

L,, L. On the onset of pxogramme a11 the earller
water analyses data,were compiled, and base maps were
prepared,

2. In all 9692 water samples were collected
between 1976 to 1982. Data of 165 anaiyses have"
been selécted as representing the different
bydrochemlcal characteristics in the area. These
were selected from snalysis results. of samples )
collected during the year 197¢. The analyses - S
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include the determination of major cations and anions
namely sodium, potassium, talcium, magnesinm, cerbone
-ate, bicarbonate,chloride, sulphate, nityete and
fluoride. Speciric conductance (expresged in .
microsiemens per zerniimeter at 25°C) and pH were

also determincdéd instrumentelly. The important
parameters like total hardness, sodium a2dsorption
ratio, rezidual scdium carbonazte =nd sodium »-.ccentage
were czlculated for evaluating the suitability Tor
irrigation purpose. These are reported in appenlix~l
and II. The analyses results sre expressed in =ii1i=-
gram per 1litre sré equivalent per litre.

3. Sessone ] samplings of water semples ‘recm 106%
key wells were corricd out during Mey - Juice [ire
Monsoon) Oct. - Nov. (Fost monsoon) and Merca {Fost
irrigetion) from 1578 to 81. B s

T Naviiss

.

4. The date were further projecte@ for tniny
geochemical types.

5. Chemical data so collected were use. “nv
vreparaticr of verious chemicel meps and stulies for
their seescral variations, suitebility for arinking,
domestic znd irrigation purposes.

6. Forty nine water samples from deeper zquifers
representing different water bearing formations, were
also studied, in detail, as enumerated in column 4

and 5.
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CHAFTER -~ 2

EUALITY OF PHREATIC WATER

EIECTRICAT. CONDUCTIVITY ¢

In 2rid and semi 2rid region ground water
is often mineralized, Salinity, & natural phenonmenon,
oceuring in both soils & waters, is dependent upon
o6limstic conditions of the region. Jalore, being a
pert of arid rcgion, has ground water with varing
degreces of sslinity.

The lowest value of electrical conductivity
i.e. 430 microsicmens-cm &t 25° is observed in two well
waters viz. FANSERI ARD RAMFURA of P.S. Jaswantpura
and Reniware respectiively. Both the wells ere situsted
neer the hilly terrain. The highest value of 27,000
microsicmens/em 2t 25°C is recorded in well vater of
village BAORL of P.S. #hore. The percentage of water
samples, in verioué electricel conductivity ranges of
phreatic aquifer, are shown in Fig.l, which indicetes
the szline character of ground water. Only 26.7% of -
szmples have E.C. velue less than 2000 microsiemens.

A map, Plate No.1, showing the electrical
conductivity in ground water of district, is prepered
on the basis of 165 znalysis data. It depicts that
fresh ground water (E.C. less than 2000 MS) is found
'in parts of Jaswantpura, Raniwers and nesr the river
banks sround Bhinmal and Ssila., Ground weter of
tolerable quality with ‘2000 - 4000 E.CG. velue occurs
in western part of Jzlore, Ahore and Bhinmal, while
Sanchore, north of'AHbre; south - west and north east
of Jalore and parft-of Bhinmal have saline waters.
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Since electrical cormlucitiviiy of the water
is a messure of its tetal soluble salts, Plate - 2
showing the distribution of T.D.C. is similar to
Plate~l. The T.D.S. mep Plate - 2 on perusal shows
that ground water is gradually getting mineralized
from south znd south-ecast to north, north-west and
west.

Presh water mostly contains predominantly
bicarbonates of caleium 2nd megnesium but in few
well waters sodium- bicerbonate dominates. inglyses
showing the tolerable guality of water, have mimed
type of solutes while seline water principally
conteins sodium chloride besides sodium sulphate.

CHIORIIE CONTENT :

Chloride is the principal znion in ground
water of arid zones. Chloride, which initially
comes from rain, gets graduslly enriched due to
digsolution of the salts from the esrths crust
through which the ground water circulates.

Chloride content in grounéd water veries
from 17 mg/1 (Penseri, P.S. Jaswantpurz) to 9112 mg/l
(Beori, P.S. dhore) Fig.2? shows the percentage of
woter samples in verious ranges of chloride content
in ground water. In 21.8 percent of analyses the
chloride ranges between 17 to 200 mg/l while 33.3
percent of gnelyses shows its velue between 200 to
1000 mg/1 indicating the mineralised nature of ground
water. Many snalyses (44.9%) show chloride content
gbove 1000 mg/l impeiring their potzbility. Fig. 3
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a graph of chloride versus E.C. indicates that the
selinity of ground water increasses with the
increase 1in concentratioen of chloride.

Plate III shows the distribution of chloride
of phreatic ground water. It depicts that the chloride
in weter increases with increasing total dissolved solids
from south and south-west to west, north-west and north,
Centrel pert covering north of Bhinmal 2iso heave high
chloride content, exceeding above 1,000 mg/l at some
places. High contents of chloride in the ares indicate
that ground water movement is sluggish and slow.

NITRATE:

Nitrate in weoter is meinly coxtributed
either through sewage pollution or by return flow of
irrigetion water, leaching nitrogenous fertilizer.
However significent smount of nitrazte is observead
to be contributed by legaume crops to the soils.

Figure-4 shows the dJifferent ranges of
nitrate in phreatic aquifer end further indicetes
that 32.7 percent of analyses have nitrate above 100
mg/l. It renges between zero (many znalyses) to
600/1 (water of village Murters silli, P.S.
Jaswantpura). 4inzlyses showing high nitrate content
are generally observed to have high contents of
potassium which shows the direct effects of fertilizer
and return flow of irrigestion weter polluting the
ground water and making it unfit for humen consumption.

It is observed from the map showing distri-
bution (plate =-2) of nitrzte that in northern part of
the district covering villages Sobrawas,Nendiea,
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Jesawas around Saila and in esstern part covering
Mera - Upsrlz, Mayla was around Jalore phreatic
aguifer has nitrzste content more than 250 mg/l.
It is further seen thzt saline waters of west

and north also have nitrate content of more than
100 mg/l. It is difficult to find nitrate free
water in the above referred area.

However in the southern and central part
of the district ground water is free from harmful
level of nitrate.

FLUORITE :

Fluoride is a2 minor constitutent of
igneous and sedimentary rocks. In Jalore district
granites end gneissess are the main sources of
fluoride for ground water which is evident from
the fzct that high content of fluoride are found in
those wells tepping either granite or gneissess.

Fluoride content in ground water veries
from nil to 14.20 mg/l (Morsim, p.s. Bhirmal). The
ranges of fluoride end their percentage are shown in
figure 5 which depicts that fluoride content
exceeded 2 mg/l in 36.36 percent of analyses, while 26,0
percent of anslyses falls in the rage of 2 - 4 mg/l
of fluoride concentretion. The high content of
fluoride above 4 mg/l is observed in 17.6 percent
of analyses. This shows that fluorice is a proble-
-matic ingredient in ground water of the district.

It is seen from the plate III that the
fluoride contents above 4 mg/l sre found in ground water
of &hore, Jalore where wells are tapping granite.
Some localised patches around Bhinmal, north-west of
Saila, south of Sanchore etc., have fluoride content
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more than 4 mg/l in phrestic aquifer.

There is no relationship between fluoride
and sslinity. However, close relatiénship could be
seen beiween R.S.C. and fluoride content of the water.

CHEMICAT, QUALITY IN RELATION TO AQUIFER:

— ——aa

It is common knowledge that the
l1ithologicel or minerological character of water bear-
-ing materials determines to a large extent the
chemical quality of ground water. %The principal water
bearing formation of Jalore district are (2) Younger
alluvium (b) Older alluvium (c) Granite (d) Rhyolite.
It is observed from the analyses that minimum variation
in chemical character is noticed in the granite and
rhyolite formastions and meximum in alluvial formation.
The chemical guality of ground water of the different
aguifers is summarised in the table-I.

It is seen from the table - 1IIT thet the
quality of water of these formations is saline except
in rhyolite where average range of electrical conduc-
tivity of ground water has been found to be 2,450
microsiemens/cm at 25°C.

GROUND WATER IN YOUNGER ALIUVIUM:
Fresh to saline water are fownd in this

formstion. TFresh water, mostly containing bicarbohnate
salts, is found along the banks of Jawai - Sukri river.
This formation is mostly consisting of coarse to
medium sand, gravels, and pebbles which facilitate

the dquick movement of water due to high permeability
thus reducing the contact time of water with the
formzation materials.
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This aquifer is spread around the conflu-
ance of Tuni and Jawai - Sukri river, east to west
covering southern portion of Raniwara and west of
Sanchore i.e. upto Runn. It is represented by
28.48% of totsl water semples analysed. The range
of electrical conductivity in water varies from
less than 1,000 to more than 15,000 microsiemens/cm.
About 29 % of wster samples within this formation range
between 5,000 to more than 15,000 microsiemens/cm
with an average value of 3,960 microsiemens/cm. The
well waters anzlysed around Sanchore have shown higher
value of electricsl conduectivity i.e. containing more
solutes. The reasons being thzt it is a discharge
zone and is situated at lower level where ground weter
movement is very sluggish. There is enough time for
solutes to dissolve more and more salts in water.

For this reason the averesge value of ©.C. is higher.
The chloride, nitrate and fluoride ranges sre varying
between 20 - 6717 me/1, 0-350 mg/l and O - 14.20 mg/1
with zverage values of 783 mg/1l, 88 mg/l and 2.47 me/l
respectively. Nearly 30% of water samples have chlo-
-ride content above 1,000 mg/l, nitrzte content above
100 mg/1l, fluoride content above 2 mg/l and hardness
above €00 mgCa-CO3 /I, thus the potable ground water

in this aquifer is of tolerable quality.

In majority of ceses, the character of ground
water is bicarbonate, bicarbonate- chloride and chloride-
bicarbonate type. Ihis type of chemicel behaviour has
been observed in ground weter sround Jawai - Sukri river
and around Raniwara. But in discharge zone (west of
Sanchore), sodium chloride type of water occurs.
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GROUND_WATER IN OLDER AILUVIUM:

Thig formetion is mostly consisting of clay
and kankar hesving low transmisivity. Therefore, the
vater remains in contact with this formation for
longer period as compared to younger alluvium. This
phenomenon increases the sslinity in ground water.
Besides this, the base exchange, a characteristic of clayey
formatlion, elsoc adds to salinity of water as well
change the chemical composition of ground water.

This aquifer is widely distributed in the
Jalore éistrict; mainly in north eastern, southern,
western &nd central parts, It is represented by
57.58% of total water samples analysed. The salinity
in water veries from 430 te 27,000 microsiemens/cm
with sn average value of 4,967 microsiemens/cm.
Table~III. The chloride, nitrate and fluoride of
ground water in this aquifer average to 1,328 mg/1,
109 mg/l. and 1.85 mg/l respectively. It is also
observed from the chemicel a2nalyses that 37, 474, end
32% of water sazmples have chloride content above
1,000 mg/1, nitrate content above 100 mg/1l and Fluoride
content above 2 mg/l respectively. If indicates that
the availability of potable ground water is limited in
this formaticn,

Fractically socdium chloride type of character
is exhibited by the growmd water of this aquifer except
around south-west and north west of Saila where bicer-
bonate- chloride type or chloride = bicarbonate type
waters occur.
GROUND WATER IN GRANITE:

Jalore granites are prophyritic in texture,
highly fractured and weatherecd. These rocks have no
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primary pérosity. The ground water movement takes
place through weathered and fractured portions.

Grainite occurs as hydrogeologicél formation
in north-east, central and south-eastern porition of the
district near village Rama, Jalore, Jaswantpura and
Bhinmal section respectively. It is represented by
12.12 % of total enalyses.

It is observed from the analyses that 45 %
well waters representing the formetion are saline., The
reason being the water movement is restricted due to
limited exten*ion of fracture with in the aquif=r,
Analyses of remaining 55 % well waters repre-znt the
foot-hill zones snd show fresh to mix type of chemiczal
character. It is mainly due to the extention of joints,
fractures and weathered mantle in foot hili zones
where water movement is quick. The chloride, nitrate
and fluoride contents of the water in this aquifer
average to 755 mg/1, 124 mg/1 snd 2.67 mg/1 respect~-
-ively. Thie aquifer, thus, yields moderately potable
waters, some needing defluoridetion.

High wvalue cof fluoride in well waters
suggested that the possible source of fluoride may
be the mineral fluorite znd apatite found in granite.
Waters occuring in granitic formation are invariably
soft due to leaching of alkalis.
BHYOLITE 3

Rhyolite occurs as hydrogeological formation
around village Vandar, ILskhawas and Chatwara in south,
south-west areas.
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Ground water is usually fresh i.e. bicarbonate
to mix type and occurs under water table condition
in weathered and fractured portion of these rocks.

TYFPk OF WATER:

Cn the basis of concentration of three most
mobile anions, such as chloride, bicsrbonate and
Sulphate, the ground water of phreatic aquifer is
classified into different types by projecting their
percentage values on Piper's diagram (Fig.6).

The following types of phreatic waters eémerge.

No. of samples

1. Bicarbonate type HCO3 50% 26
2. Mix type type None 50% 28
3. Chlorigde type C1 - 50% 111
4. Sulphate type SO4 50% 0

Total 165

The plate IV shows the areal distributions
of types of phreatic water. It bezrs resembiiznce
to isocone wap plate-II. Their general chemical
characteristics are given in table No.II and their
associztions with cations are shown in table No.III.

BICARBONATE TYPE:

It is fresh water, occupying arca 1,2 & 5B
of Piper's diagram and generally occuring where rein-
-fall and infiltration are relatively high. The major
characteristics are low dissolved solids and low
content of chloride. Only 15.7% water samples have
shown bicarbonate type of character with either
sodium or Ca + Mg as dominate cation,

Ground Water Resources of Jalore District Part-11 Hydrochemistry Page 27



- 17 -

It occcurs along hilly terrain of Jaswantpura,
some area south of Reniwara, a small portionm along
river Sagi in Bhinmal, northern part of Saila where some
recharge is contributed by Siwaena hills, and in J=lore
where river Jawail is contributing fresh water alovg “he
river course to a limited extent around Ieta and Y:zshvwana
section., Timited extention of bicerbonate type of
water is also observed slong the course of river T-nédi,

Water occuring near the foot hill zones and
along river banks has mostly Ca - HCO5 or Ca + Mz - HCO3

type of chemical character with an averzge T.D.S.
value around 500 mg/1 while that ef Nz - HCO3 type

occuring adjoining to Ca+Mz-HCO, type hes an average

3
T.D.5. value around 800 mg/1. It is clear fro~ 2
above that Ca+Mg-—HCO3 type water is comparativ.. fresh

{1

!

and close to the recharge area while that of New 75205
type is relatively more mineralised and away froun
recharge zone.

MIX TYPE_ OF WATER:

17.C % well waters (Table-III) show the mix
type of chemical character i.e. none of the anions has
shown the concentration more than 50%. They mostly
occupy the area 5 & and part of the area 3 close to
5 B of Piper's diagram showing intermediate chemical
characters. It is further observed from plate IV that
mix type of waters being transitional in character,
occupy the area between bicarbonate type and chloride
type particularly in Jaswantpursz, Raniwara and Ssila.
In the eastern part, the well waters are in contineous
contact with fresh water from catchment area. Whereas
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in the west these waters are gredusily getting contami-
-nated by saline waters with the inereesse in sodium and
chloride., In the Charau - Dadhal section the saline
waters receive an influence of fresh water from Siwana
area resulting in the formation of mix type of water
along the northern bank of Jawai - Sukri river. In the
central portion around villages Dhanses, Modran

and Nun mix type of weater is found, due to the

recharge from river Bandi, however, in limited arvrea.

It is also observed from the table-IY that
half of mix type of waters have bicarbonate more than
either chloride or sulphate with T.D.S. value below
1,000 mg/1 and they are found meostly a2djoining to
Na - HCO3 type of water. In the remaining, it is the

chloride which takes the place of bicarbonate and their
total dissolved concentrstion is more than 1,000 mg/1
indicating their saline nature occuring irn close
vicinity of chloride type of water. -

This clearly shows that mix type of water is
gradually changing its chemicsl charascter from HCOB- Cl

type to C1 - HGCO_ type with the increase in toteal

3
dissolved solids. Further the total dissolved solids
of the mix type of wster (Table-II) is ranging between
those of HCO3 ~ type and Cl- type of waters.

Ground Water Resources of Jalore District Part-11 Hydrochemistry Page 29



*BI2ausmeg
TI38u2d
*012 emaIng
uysIol  1laBped nI2yg 2I3n2g Teenualey 2 dmey
Gh*2 S/ A TN b 90 TN L0e 00°'8 79°'0 I
*019
glunjey
Teuutyd
‘ehrong 1118 *2313 BruUBMSIY
eramTy dandiefeq axelany  TTeATPog J2puap Samayye]
611 009 TN ot 009 TT8 12 08 TN “on
Tusyp 1
2anduzyg BTIYES aTuocay nuigyg 11023 andreyeg
768 03¢Y 641 144 9061 6l Léd 6LE 2¢l g3
Taasusd
TI038¢ BINog gTucsy Jandysjeg azoyy gandmay
81¥ L¥ag 16 €81 9¢8 42 6l 06 Tru  33eqding
TI02q  2y3axeg e1ao3y 124 Inpuay) TIasua]
08Lt €216 y9¢ 02¢ 866 £9 P01 L8t LT 3pTIOTY)
TI02¢ u2Ipoy 2Tuoey andysrey azoyy Tx3asued
91y 082L1 2411 1941 ov8¢ 14 4¢9 0601 QL2 S
- s
* 332I9A7 &L ‘ULt 98eI3Ay X2y "UTH *338I3AY *Xe| CIT T Cpo-
926l Tauz T([-2d8} aptaoiy) <Sas8klaue ge- odAy XTI BagATeue 97 adA} 933U0CICITT  ~MaTHEne)
YUINDY DIITIHL 40 ¥ALYM A0 STIXY INTIILITT NI SINTTNOD TTOLHARY e Au b iei4

I - TIavg
- %l -

Page 30

Ground Water Resources of Jalore District Part-1l Hydrochemistry



Sulea sdejusorsd sjeotpur yoaag

(0'001) 491 Trw (£°9) Tt (0'L1) 82 (4*31)92
(8'1)¢ T (2 1)2 (9°0)1 - "SUOT}30 XTH *¥
(&*91)92 Tre 9°¢)9 1'9) o ‘ : '
(9°¢) (1'9) ot (9'9) 1T AR I
(@*d)e Tru 1ru T (ert) 2 +430 WNTOT2D 7
+M + +..cu.z
{6°28) 9¢1 ATR (6729)¢0T  (£'01) LT o (BL) ¢t UNTES230d + WNTPOS °T
_ Eont €
o -
sos s w1 | $05_Z00"-*00k
- % 0§ gl euoqren
93eydng SPTI0TYY _ suotue XIN  + 3j2uoqIedig
T210] qoTUS JU3UTHOJ

'UOT320 juSuTWOT T o0* g
SRAINDY DILYHHHI 30 UALTA (NAOWD WI GNOINY QNF GRATIT) G0 o 7 77 o3

- e - A9

L

Page 31

Ground Water Resources of Jalore District Part-1l Hydrochemistry



CHIORILE TYPE OF WATER:

The chleride type of waters, (67.3 % of
the total anzlyses) are these in which chloride is dominant
heving more then 50 % of the total anionic value. They
are characterised by high total dissolvead solids,
mostly above 2,000 mg/1 with sodium ss dominant
cation, This is the ultimzte stage of cationic and
anionic exchsnge reszctions, generally existing in
discharge zone.

They fall in central and extreme end of the
area 3 of piper's diagrem where mostly analyses of
saline waters end ses vwater plot. Chloride waters
are vwidely distributed, =25 seen from plate *',
covering central part, western pert including Runn,
and major area of dhore block where T.D.S5 exceeds
5,000 mg/1. Highest salinity (EC 10,000 microsiemens/
cm )} in ground water is recorded around Runn ares in
north and nerth _ west of Sanchere where ground water
exhibits almost sea weter - type of chemical charszcter
i.e. Na Mg Qe Do, _ nCo3 type. This area
forms the discharge zone and practically there exists

“high water level conditions. This chloride type of
water, particularly in south and north ..east of sanchore
has high contents of potassium and nitrate indicating
agriculturasl activitisg in these aress. Salinity in
ground water occuring around Rama — Bijli _CGhana _
Raithal section can be attributed to the slow :ground
water movement restricted by the Siwane hills { on
eastern side ) . However around vilisge Rama few
fresh water pockets, within this saline zone, zre
located, which aprears to be due to some local

o e =ta yiegir -t

LY .. .- -

-

- .. oo i ] BRI ] Lo 4
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recharge condition in the vicinity of hills.

Saline condition is also observed in south and
south _ eastern portion of . Jzlore town, The area
1ies under shadow zone of Jalore hills where ground
water movement is sluggish.

CATTONIC RATTOC

The cationic ratios viz Na/Ca ,Nz/Ca+lMg
and Ca/Mg in respect of types of water have been
worked out and shown in tabular form below: -

Type __ __Na/ca Na/Ca+iig Ca/lg
of Min., Mgx. £v. Min. UYax, év, Min. Max. &v.
water.

Bicar- 0.22 9.05 2.79 0.15 5.02 2,12 0.41 2.63 1.60
bonate. "
Mix 0.47 55.14 5.49 0.30 14.31 2,17 0.20 3.00 1.13
Chlo- 0.97 13%1.73 10.92 0.58 16.83 3.61 0.02 3.15 0.95
ride,

On thorough serutiny of the above data

the following observations asre made:

1. The minimum, meximum and average velue of
Na/Cz and Na/Ca+ing ratios show the increasing trend
from bicarbonate type to chloride type of water. It
clearly indirates that the incresse in salinity of
ground water is mostly contributed by sodium chlcride
being highly soluble and the product of arid
environment.

2. The Ca/Mg ratio shows the decreasing
trend in minimum and average value from bicér:onate
to chloride type while its meximum value sho. o tue
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rise. This further indicate that megnesium shows
increasing trend with the increasse in salinity
while the cslcium fluctuates within a limited range
because of the low solubilities of its salts
( celcium carbonate and celcium sulphate ).

In fact the trend in meximum velue should <eem
have been similar i.e. in decreasing order but two
anelyses in mix type and sne =nalysis in chloride
type have shown the retio above 2, This exception
is due to the association of calcium with either
chloride or nitrate. Both these sa2lts esre highly
soluble.

14 has been cleerly brought out from the
above discussion that the trend { inereasing or
decreasing ) in the cationic ratio has significently
reflected on the chemical type of weter.
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..CHAFTER - 3

_QUALITY OF GROUND WATER IN IEEPER AQUIFER

Ground water in rhreatic squifer in
Senchore, Bhinmel,west of Ssila,nsarth of Jalore
and 4hore is saline. Naturally the deeper sourse
has to be explored.

The chemical characteristics and guality ef

ground water of deeper zquifers hzve been studied
from 49 enalyses representing exploratory and obser-
-vation wells. 2Znelyticsl results are given in
appendix _ II.

The plate IV is the modificetion of the
compsrative E.C. values of water samples from both
deeper and phreatic aquifer. 1% depicts the over all
salinity of ground water in the district.

4s seen from the plates IV and 1, the quality
of ground water from the deeper aguifer is less
mineralised than that of phreatic aguifer in north_
west of Bhinmal around Jodhawas ang punasa, west of
Saile around Alwere ang Dehiwa,south of Ssnchore and
near pladar, while it is comparatively more saline in
west, ndrth_yest and north of 8anchore, north of Ahore
and Jalore and north-west of Raniwera near Chatwara
and Digaon. However, very little difference is
noticed in chemical quality. of ground weter of both
the aguifers in centrzl, Southern and ecastern parts
of Raniwara, “aswantpurs =nd southern part of Jalore.
Based en chemical analyses, the additional potential
zone found around Jodhawas snd punesz, and near
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Dahiwa and Alwara csn be suitably exploited for
agricultural and domestic utilisetion.

The table IV indicates the ranges of -
salinity in ground water ef deep aquifers encountered
in various P.S., ef Yalore district.

TABIE-IV
TABIL SHOWING THE RINGES OF E.C. (in_US/Cm_) FOR IHEFER
. AQUIFEFS .
P.S. No.of O~ 2001 - 4001- €001i- Lbvove.
analyses. 2000 4000 6000 8000
thore 10 1 4 - 2 3
Bhinmal 10 3 1 2 1 3
Jaswantpura 6 5 - - 1 -
Jalore. 4 o 2 - - -
Ranivars 5 3 - - - 2
Seile 7 4 2 - - 1
Senchore 7 - - 2 2 3
Total 49 18 9 4 6 12
% $100 36.7 18.4 8.2 12.2 24.5

On perusal of above table it is seen thet 55% o

the exploretory =nd observetion wells heve yicii=3
fresh to tnlerzble quelity of weter while 267 weils
heve highly saline waters which can not be used for
any purposes end mostly found occuring in Ahore,
Bhinmel 2nd Senchore, where phreztic aquifer is zlso
saline,

The s2linity is mostly contributed by the
sodium salts but in highly saline weoters (E.C. 1C¢,000
US/em) substential amount of calcium =nd magnesium
salts are observegd.
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Nitrate content except in few &nalyses
is less than 20 mg/1 and unlike phreetic aquifer
it does not show any relationship with éither
Salinity or hardness or potassium.

Fluoride is compare-tively lower in
ground water of deeper squifer. Twenty two (22)
enalyses have fluoride content more than 2mg/1. Low
Salinity ground water of Jaswantpure, Bhinmal and
Jalore has fluoride content more than 2 mg/1 . The
deep ground water a2t Rejanwadi, Jalore has 7 me /1
of fluoride. Where in phrestic aquifer the fluoride
content is 8 mg/1. Deeper szline water of sthore
hes zlso high contents of fluoride ( Raithai -7 .10.0
mg/1, Tarwera F-7.7 mg/1 end Ssnkarana F-4.22 uwg/1) .

Ground water is hard except in Seila and
Raniwara where hardness of ground weter is below
200 mg /1 as cCaCog .

4s seen from the graph, figure 7, of E.C
verses chloride, chloride content is found increasing
with the increase in salinity upto &€,000 us/cm
but with higher salinity value i.e. above 8,000 us.om
the proportional increase in chloride is lecs. Durchate
is gradually found incressing in high selinity varais,
Further it is observed from the graph, Fig.i,
scdium verses chloride, which looks like a c.:titer for

_ higher values, that the source of salinity . =
simply the sddition of sodium chloride but fur-her

modification by base exchenge between formaticn
materials and circulating weter., This is evident
from the high contents of cezlcium 2nd msgnesium ' in
these high salinity waters.
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The ratio of tetal dissolved solids to

electrical conductivity veries between 0.55 to
0.93 with an averzsge value of 0.625. However, for
galine waters (EC 10,000 us/cw ), the averzge v. ..
value is 0.69. But in high salinity weters (EC

30,000 Ms/cm ) of Dugnri, Raithal and Terwara the
retios ere 0.8, 0.8% and 0.93 respectively. However
the formuls Ts (mg/1) = 0.61 x BE.C a2t 2500- cen be
ugsed for rapid calculation of deeper ground water
hzving EC value less than 10,000 us/cm,

CHEMICAI CHARACTHRISTICS IN RELATION TC GEOLOGICLL
FORMATION:

oo

The influence of geplogiczl formetion on
chemical characteristics of ground water is profound.
The chemicsl changes brought sbout by different water
bearing formations in the ground water of phreatic
aguifer have already been discussed in the earlier
chaper.

Three water bea-ring formeations namely
younger alluvium, older alluvium and granite were
further explored for deeper aguifer so that some
confined and concealed fresh water source may be
located. The search brought to light the presence
of tertisry (?) 2s 2 promising water besring
formation around Jodhawas, north-west of Bhinmal,
which has yielded free flowing deep ground water of
tolerable quelity. However it has yielded geline
water further down stream which can be used for
livestocks.

Ground Water Resources of Jalore District Part-11 Hydrochemistry Page 39



. w ] m.ﬂm‘&w
Lt M.mn < 2L m.mns ‘el2 ‘untanlie
-84 apaj 2x9yeqg 21LCaup -am1y  -Cleup  2aemiy s
mﬁﬁﬂwmw - Mmmm QT - 61T obt'e - QL o' ¥T - 009T P02 01 Ax213.337 *9
iy g2 .08
48°2 9% 118 535
*and *Tew 2X3M *TI- 2I3M WM_
I0 -ueyy T102d -utyd -3eud ~-2sug -32yy -dsu . .
s.m.m.w - wof oty - & @91'eT - 2l 000'L& - 04 £791 8 syTuBIY ¢
: &2 83¢‘2 381°4
2 w.ﬁms 3and zand I ”M“w ——
8ylTQ -juey Jaqany -pamp Teyyey  -3vel 12Ud - ) .
b Mwmom - k 0 . 40t - 0 829‘9l - 81 000°¢h - Me 6% 2é 18pT0 "¢
G1°¢ £y G2e'e G2L's .
Ton -emeug Zun@ uedpoy  paung g~NWmm ‘untAn{le
ueXpo -sureug sulejyusg e[yeg rTJIFUN i ! 2 . )
Nm.m - owm 8 - 0 o08lgz - ¥4 000°0% - 080T ¥°81 6 Isduno}f *T
*0eG2 3B
.m\ws Tajamyyudd xad
1/3u T/3w  SU3WSTSOIOTE UY
g ON 1% £37AT300pU0d 3 *Tajrnbe
apyIo gofJayaasly ‘9de (I8 JO
PRl 32 ELEEEIN e L 2 -3033 8984T3uUR *UOT3BUIOF  ON
ToomyXew - wnupui -13d Jo*oN duyaaaq IejuM °S

WIUMBT IV VRIR W AT TR AGE TR AN AT IO AT

Page 40

Ground Water Resources of Jalore District Part-11 Hydrochemistry



- 29 -

Unlike phreatic saquifer there is 2 wide
variation in chemical cheracteristics of deeper
ground vater of all water beering formations. The
minimum, maximum end average velues of E.C.,
chloride, nitrate 2nd fluoride #re summerised in
the teble -V which on persuwzl indicetes the overall
s&line nature of the deeper weters.

The average E.C. and chloride content of
ground waters exceed sbove 7,000 us/cm snd 2,200
rg/1 respectively for all the formations. Their
nitrate and fluoride contents are cemparatively
less than those of phreatic weter. The maximun
fluoride content of ground vweter from Tertizry
is 2 mg/1 while it is above Smg/1 in waters of U IR
the other formztions,., It is very significant.

The teble VI gives the ranges of salinity
in deep ground weter of different water bhesring
formaztions.

TLBIE -VI

RANGES OF £.C. (MS/CM_) IN DEEF GROUND WATER FORMATIONWISE —
Water No. of ____ ___R&NGE_OF E.C. —
bearing ansly- C0-2000 2001-4000-4001-6000-6000~ £000 &
formation.ses., 8000 cbove -
Younger 9 4 1 1 by i 1
alluvium,

Older'elluvigg 9 7 _ 4 5

Grenite. 8 4 - 1 4 2

Tertiaery (+01-

der 2lluviuml0 1 1 2 ' 2 4 R
TOTAL:s 49 18 g 4 6 12

% 100 36.7 18.4 8.2 12.2 24.5
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The formation wise breekup ef salinity in
deep ground water indicates that the greund water
from older 2lluvium and tertiary ere more s2line than
those of younger alluvium and granitic formations,
where water circulstes quicker in coarser formation
materizl and in joints-znd frectures respectively,
thereby reducing the contact time.

The study of ionic ratios gives.useful
informetions on chemical cherzcteristics. The avercge
Ka/Ca ratio (10.5 to 12.0) Goes not show any signi-
-ficant varirstion for younger 2lluvium, grznite and
tertiary but it is comparstively less for older
aliuvium (8.7), Similarly Nz/Ca+mg ratio is less for
older alluvium, but its average 304/01 retio is higher
(0.27 ) than those of other formetions (granite
0.19, younger alluvium C.16 =nd tertiary 0.18) .

It clearly suggests the calcereous nature of the
formation materials in older alluvium.

The average €a/Mg ratio is wore or less same
fer wzters tepping granite (1.14) older alluvium (1.18)
and tertiary (1.15) while it is higher for younger
alluvium (1.37) .

TYPE OF WATER:

The analyses of deeper ground water like those
of phreatic, are classified into different types by
projecting their percentage values on piper's diagram
(Fig.9’) end their formationwise associations with
catisdns are shown in table No. VII. Their chemicel
characterics are shown in table No. VvIII,

No. of ssmples _

Bicarbonate type. 8
Mix type. 8
Chloride type. 33
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On perusal ef piper's diagram (Pig.9) it is

ebserved that bicerbonate type of ground water from
Jetpura (no.20.2%; Reniwara) and Panseri (no. 33,34;
Jaswantpura) are of Ca+Mg type with T.D.S less

than 300mg/1 and 2re occupying the srea 1 of the
diamznd sheped diagram. Such low salinity fresh

water occurs where rainfall is heaviesgt, and water
circulation within the zohe of saturation is

guicker. Both these tubewells are within in the
catchment zone where geological formation has no
control on chemical characteristics of weter.

The water moves out before any significant chemical
change is brought abeut by the formation materizis.
The waters of Modren (no.31, Bhinmal ) a2nd Renivwers
(No. 43) are occupying the area 5 B. They are compa-
ratively galine as the’chemlcal cheracterlstics change
from C?-t-“r:-HCO3 type teo N:-HCO3 type with the increase
in TDS value around 700 mg/1 They are away from the
catchment zone. However the 1‘Ja-H(‘,03 type of weter from
Rajenwedi { no.38-39-Jelore) is typicel of Jalore
granite having TDS value of 1,200 me/1 and fluoride
content of 7 mg/1 The higher mineralisstion can be
attributed to seml erid to arid condition mhereeven
recharglno water 1tse1f is sallne . The source of
fluoride is granite. '

The mix typeldeEp'watefs,'from Alyeré_(h0.1).
Bautra (No.6), Dahiwa \No.15, tst zome),Kolar (No.25),
funasa (No.37/, Saila (No.44) etc, mostly occupy the
loweér part of the area. 3 close to 5B of piper's
-diagram heving tran51tlona1 chemicel characterlstics
with TDS renging betweén 550 mg/1 to sbout 1,200 mg/1.
They graduzlly change their chemical charrcter from
HCO3- Ci to C1 - hGO3 type with the increlse in
mlnerallsation.

Ground Water Resources of Jalore District Part-11 Hydrochemistry Page 43



Y4 14 6 8 TTI0h

oL = - - - - *XTH
- - - - 3 + 28D

0t 8 4 - X+ ey * £I2T3a8T ‘Y
8=1 - i - ‘XTI
¢ - - 2 3+ 2p

g 4 T - X+ ey jTURID ¢
=1 T - - XTi
e - - 2 3+en

61 ¢1 Z 1 I+ ey untAnTIe I3pT0 2

h 6 = - - - - XTH
- - - - F+8)
B 9 2 T ¥+ 8y  *unyAnTT2 Ia3unof °I

%05 %06 3uou %06
aprTaIeiud XTH  93BuoqI20tg {4 ¥: 1)
13307 SO ERFYERT I jugutmoq *yoT}3mIod ‘oN'S

AT T AT 40 87L7A QNOOND NI SNOLNT AN7 SNOILTD 40 NOLLTNIAWOD

o §f -

Page 44

Ground Water Resources of Jalore District Part-1l Hydrochemistry



: i 8
T1edTasH Jepeld examiuzy 1eesuzley Je
: : ¥ 0 BIE!
0941 €64 06T ot 122 QL 681 W¢w smw HT
s m.opm euey TIasuag
343118y eJjnag Tpemuelsy eandyTep Tlozd ®BIyne
22'2 00701 1T 092 00 At 6772 .oo.w e i
*033 |
eaxndpaun’ 2yl
-eRues’ Tey3-
.mpo.-wmm“mmgmoz , 840
epa‘ edseq’ exdeg TI9suad tpemusley Tlozd efrte
~ ' " g = : m
b ¥t T G2 Iy 001 oty 1t o
BaBmde] 3Ijneg R
. _ 2I2MTuUsy  Ta3suad eMTgad  BIRna
688 0269 22 28 3 2 96 G 2z Tog
TI3UN{g dineq . Mpo i
113 glyne Tpemuzlay  tassugg emtyed TloO%
¥29¢  08T¢z ¢yl 06 322 21 662 €L9 .Hﬁom 19
*5qQ 21109
TI3ung exynag Tpamuefey zandygpap ;
_ Toamus T2mutyg sXpne
o1&l  0050¥ ¥LG GLS 0611 022 9911 0202 HPOmm *S'a'y
JEREN T YXER . CTOIR “o3 .. - -
e 3I8AT X3 *UTH EEEPELY *X2p *UTH
TIZL TIL 101D YAAL Lhiwiquroia TIKL QAXIR

BAATMY T WATTAT 10 WAnam A0 Gilg NI SHALio) 1¥ 57D THOS 40 SiiNvE

- % - UNN Y AU

Page 45

Ground Water Resources of Jalore District Part-1l Hydrochemistry



- 34 -

Chloride type of waters representing mostly
older alluvium and tertiary occupy the extreme end
of the ares 3 of piper's diasgram. They are saline
waters and generally away from the recharge zone.
The water of chatwera, Chajjale, Dungeri, Raithal,
Bhgrajun and Tarwera almost fall near the plot of
sea water, exhibiting Na-M€-Ca~GlSo4 - HCo3 type of
chemical charzcter.

The sole association of sodium as dominating
ion in respect ofmix and chleride type of deeper
water indiceates the slow circulation resultinz in base
exchange, and concentration due to very poor permea-«
bility of formation (older eiluvium, & tertiary/.

While superimposing these three types of
deep ground water on the mep (plate-lv) showing
areal distribution of chemicsl type of phreatic
waler it is observed that they ere occcupying the seme
zones which have been demarceted for phrestic water.
HBowever in szilz the extention of mix type of
character in deeper zouifer is observed upto Alware and
Dahiwa where /phreadicwster és chloride dominating.

Like phreatic aquifer the cetionic retios
viz Na/Cz2, l“z=./C£a*+1'Ig and Ce/Mg have provided valuable
informaetion on different types of weter. Their values
ere shown below in tebular form
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Type of RATIO
water. __Naj/Ce Na/Cez+Mg —. . Ca/¥g -
Min, Max. gdve. Min, “‘lex. fve., Min, “-v, -

Bicerbo- 0.34 20.17 6.18  0.22 T1.96 3.63 0A1 oo 1.0
nate
Mix type 1.10 16.61 10.43 ©0.71 $.98 5.75 0.50%.7> 7. 7v
Chleride 1.50 32.16 11.12 0,76 13.68 3,90 0.8 4.53 {.-1
type

The following observations are made from
the above table:

1. The minimum and the averzge values of Na/Cs
and Ne/Ca +Mg ratio show increasing trend from
bicarbonate to chloride type of wster. However the

maximum value for mix type shows s decline instezd of
proportional rise, which can be zttributed to calcare-
-our nezture of the formation material where mix type
of water circulztes.

2. Iike phreatic aquifer, the Ca/Mg reztioc shows
the similar trend, the minimum and the zverage value
show the declipe but the maximum shows rise.

The decreasing trend in minimum snd average
value from bicerbonate type of chloride type with rise
in se2linity indicates that calcium fluctuztes within
limited range due to low solubilities of its sslts
while like sodium, megnesjium salts are soluble, so
its concentration is likely to ncrease in chloride
type of szline water.

Only one snalyse of chloride type =nd two
of mix type have Ca/Mg ratio above 2 otherwise the
trend in maximum value should have been in expected
decreosing order.

The +trend (increasing or decreasing) in
cationic retio hezs provideé useful informstions on
chemical type of water.
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CHLPTER - 4

SUIT/BILITY FOR DRINKING

Weater used for domestic end drinking

purposes should be free from any bacterial contents,
Turbidity, colour znd odour. In Jalore district,
ground water is assuming a great importance for
domestic utilisation because rsinfell is below .
normal and surface storages are insufficient te meet
the perennial requirements. Ground water (protected)
generally do not contain suspended matter and
bacteria, its use for domestic purpose has been
solely considered on the basis of the chemical
compos ition of its solutes or dissolved solids.

The concentration of emeny chemicsl substances
in potable water veries widely from place to plece
so the rigidity of stendards of quelity can not bve
enforced. However the potsbility of ground water of
the district has been adjudged meinly on the basis of
drinking water stendards recommended by the Indien
Council of Medical Research (1975). & comparison of
standards from World Hezlth Orgenisation (Internstional)
along with I.C.M.R. has been given in table - IX showing
meximum concentrations generslly acceptable to consumers
end elso meximum alloweble concentration beyond which
potability is seriously impzired. The important cons-
-tituents 1like - total dissolved solids, chlorides,
sulphates, nitrates, fluorides and hardness in ground
water zre discussed here.
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POTLAT DISSOLVED SOLIDS :

The I.C.M.R. recommended en acceptable limit
ef 500 mg/l and meximum permissible limit of 1500 mg/1
of T.D.3 It has further relexed the limit upto
3000 mg/1 where better quality of water =sre not
availeble, provided they do not contasin harmful
constitutents. It has been observed that people in
arid #nd semi-erid regiong drink waters with T.D.S.
between 2,500 to 4,000 mg/l 2nd no harmful physiolo-
~gical effects of permenent nesture are noliced.

Plate I1 showing the distribution of totzal
dissolved so0lids in ground weter depicts complete
picture of selinity in phreatic and deeper aquifers.
It revesls that fresh weters with T.D.S. 1less than
1,000 mg/1 occur in Jzswantpurzs, Raniwersa,
and along the banks of river Sukri, while potable
waters, having T.D.S. upto 3,000 mg/l sre observed
in parts of Saila, Jzlore, fhore and Bhinmal.
Non-potable szline waters {(TDS 3000 mg/l) ocecur in
Sanchore, north-west of Bhinmal west of Sailz znd
north of Lhore, creeting serious drinking water
problem,

The table X gives the ranges of totzl dissolved
solids in phreatic and deeper ground waters of 4diff-
erent blocks of the district. 1t is observed from
the table that 29% of well waters and 43% of tube well
waters have TDS value less than 1,500 mg/l, the maximum
permissible limit of i.C.M.R. Further 26% #nd 12% of
water from phreatic and deeper aguifers respectively
have been found to rznge between 1,50 to 3,000 mg/1.

Ground Water Resources of Jalore District Part-11 Hydrochemistry Page 49



43% of the well waters, having more than

3,000 mg/1 of T.D.5., are Widely distributed
throughout the gistrict except Reniwera end
Jaswantpurs, They should not be used for drinking.
Similerly seline deeper weters (45%) from Bhinmal,
Jelore and Sanchore should also be rejected.
However these saline water can be used for
livestocks.
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Nitrate poisoning has been confined to
infents less then three months 01d but adults drinking
the seme water ore not effected. Gastrointestinal
troubles are reported when waters conteining high
nitrates (77 100 wmg/l1) are used for drinking.

Since the level of nitrete in drinking weter
is initiel factor for determining its fatal effects
on infants, the I.C.M.K. after due considerstion has
recommended 20 mg/l of NO, in the woater to be used for
infants feedings. 100 neg/1 is the 1imit for humen
consumption.

The distribution map of nitrate plate No,II
for phreatic zquifer reveels that mejor part of the
district having T.D.S. more than 3,000 wg/1 containg
more than 100 mg/1 of NG, viz, north-east of lhore,
south-ees¥ of Jalore 2nd major portion of Sanchore.

In fresh water zone (TDS £ 1,000 mg/1) nitrzte zbave
100 mg/1 is observed “owsrds north-east of Raniware.

In generzsl mejor part of the ¢istrict except Senchore
.5. have nitrete velue in phreatic aquifer less than

100 mg/1. The range of nitrate as seen from the table

X1 indicztes that nitrzte in deeper equifer is comparati-
vely very less than that of phreatic aquifer.
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FIUORIDE 3

Fluorides zre regarded =s essential cors titu-
ents of drinking waters for preventing dentel
cerries in children. It has been observed that
reletive freedom from decey could be conferred by
the presence of about 1.0 meg/l in drinking weter
but concentration over 1.5 mg/l cause mottled
enamel. While regulsr intske of high concentration
of fluoride may ceuse endemic cumulative fluorosgis
resulting damege te¢ children 2nd =zdults.

Therefore, in the assessment of szfety of a
wzter supply with respect to the fluoride the totel
daily fluoride inteve by the individual must be
considered which intirn depends upon the climatic
conditions. 1In view of the zbove observetions the
I.C.M.R. (1975) hes suggested 1.0 mg/l a8 cccepteble
limit end meximum permissible 1limit of 2,0 mg/1 in
drinking water,

The distribution map of fluoride plate-III
for phreatic eaquifer reveszls that concentration of
fluoride above 2 mg/1 in ground weter hsving total
dissolved solids leecs than 3,000 mg/l is observed
eround Bhinmel, south-west of Ssila zlong river Sukari
2nd major portion of Jalore. The table-XII gives
different ranges of fluoride in well waters of
verious blocks of the district.

The erea, heving TDS velue more then 3,000
mg/l in phreatic ground water with fluoride content
more than 2-mg/l, ere the upper portion of fhore
upto Shankhweli - Manpurs, north-west and western
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portion of Szila, In general it cen be

inferred from the distribution mep that ground
weler in Jalore district has fluoride content
more than 2mg/1. Jelore, Bhinmel snd fhore

blocks are problemstic ares where geveral cases of
Skeletal fluorosis heve been noticed,

Flueride in phreatic aquifer heving TpS
less then 3,000 mg/1, veries from 0 to 8 mg/1
(Rejenwedi - Jalore) and in deeper aguifer it ranges
from 0 to 10.00 mg/: (Reithel), It is observed
from the table No.:IT that fluoride in deeper
equifer is not es high es in phreatic aquifer,

The potable tubeweli weters of Bhinmel -
Golia (3.6 mg/1), Punzse (3 mg/1), Modren (5.32 mg/1),
Korita (7), Rajenwedi (7.00 mg/1), Senkerne (4.28 mg/1),
Paoll (7.0 mg/L) a Tleder (2.00 mg/1) should be used
only after defluoridation or by mixing weter conteining
no fluoride so that fluorige content will remain below
2 mg/l,
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CHLORIDE &

#£11 naturzl weters contain chlorides. The
chlorides are usuzlly teken in the form of common
selt as a2 part of normal diet end 2re not considered
harmful to the consumer unless suffering from dise~-
-&.ses of heert or kidney. (& salty taste is
imported to water at chloride concentrations of
about 300 mg/1 end the tolerance to chloride of
humen being veries with climate.

Since there are no adverse physiological
affect of chloride on consumers, the I.C.M.R. (1975)
has suggested zccepteble limit as 200 mg/l =nd
meximum permissitie limit as 1000 mg/l. The
permissible 1imit eppeers to be safe for hot climate
where it helps in ellevieting s2lt depletion of body.
Moreover in hot climatic 2rees mostly saline waters
ere avallable for drinking and people =2re used to
their s=lty teste.

It is observed from the distribution msp
(Plate No.III) of chloride in phreetic ground weter
that northern, scuthern psrt of Jelore, north-west
and north-east of shore, western pert of Saila, west and
south of Bhinm:l and eround Saenchore block have ground
water with chloride content more then 1,000 meg/1
The chloride concentration increases as the szlinity
increases from south to north-west, north and west.
The north-west and west appears to be a discharge
zone. Most of the wells in Ssnchore, Seila, ifhore,
Jalore contain high chlorides which restrict their use
for domestic utilization., The table gives the renges
of chlorides in the well waters of different blocks.
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Further the snalysis of table No. XIII
depicts thet the chloride content is high in deeper
aguifer and about 51% well waters have chlorides
above 1,000 mg/1 snd therefore are not suitable for
drirking. '

HARDNESS :

Hardnegs in weter is usually judged, by
the consumer by the amount of soep reguired to produce
lather. Herdness is caused by the dissolved calcium
end megnesium salts. Iron snd aluminium also
contribute towards hardness if present in large
emounts. The temporsry herdness includes that
portion of cezlcium 2nd megnesium that would combine
with the bicerbonete =and the sm21ll amount of carbonate
present and can be virtuslly removed by boiling the
water. Similsrly the parmenent hardness is caused by
those amounts of czlcium end magnesium that would
normally combine with sulphate, chloride, and nitrate
ions present in water. This portion of hardness can
not be remowved by boiling.

The hard water hes no major hermful zffects on
the health of consumers, but the main deterimental
effect of hardness is economical, hence the I.C.M.R.
(1975) has promulageted the following limits.

Highest acceptable 1limit - 300 mg CaCO3/L
Maximum permissible limit - 600 mg caCO3/L.

On reviewing the value of total hardness
(appendix-1I) of the phrestic aquifer, it is revealed
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that 45% well waters have very high values (a2bove
600 mg CeCO,/L) which are distributed through out the
district, . S A

Table No.XIV shows the distribution of

hardness in phreatic as well ag deeper aquifers of the ..
distriet. It is observed from the table that hardness
in weter in deeper aquifer is comperatively less than
phreatic well waters, The Dug well yielding water with
hardness ebove, 1,000 mg 09003/L should not be used for
drinking purpose. Thus well waters of Bala (TH-2, 255
CaCO3/L), Medz (1,615 mg Ce CO3/L), Dhanpure (4,500

H
o

mg 08003/L), Korka (1,386 mg CaCO3/L), inkhol (2,677

mg CaCOj/L), Dungri (1,420 mg Ceco3/L), 2mli (¥,126
mg CaCO3/L), Bhawatras (2,032 mg CeCOB/L), Bishangsrh

(1,981 mg CeCO3/L) etc. are very herd. They are also
seline (TDS > 5,000 mg/L), thus not potzble. Water
sample of well 2t Lzdswe heving hardness more than
1,000 mg/1 but TDS less than 2,500 mg/l is to be
rejected on the basis of high value of hardness end
fluoride (F. 4. mg/L).
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SULPHATE :

Higher concentretions of sulphate (zbove
400 mg/1) in drinking water mey have 2 laxative
effect on new users but normelly do not effect the
teste. The I.C.M.R. (1975) hes recommended an
acceptable concentration of 200 mg/l =nd 400 me/1
€3 maximum permissible concentration.

The teble No. XV shows the concentrztion
of sulphate in water szmples collected from different
tlocks of the district.

On going through the tazble it is seen that
24.24% of semples from phreatic agquifer snd 32.65%
of samples from deeper aquifer have sulphate content
zbove 400 mg/l #nd es such they are n.-t safe for
drinking. The high sulphete content was observed
mostly in high salire waters of Bhinmal 2nd Sanchore
blocks. Only in one asnalysis of Murtara Silli of
Jaswantpura both snulphate and megnesium heve exceeded
the limits of potshility. Nitrate is a21so high 600
mg/1, therefore it should not be used for drinking.

It is infervred from the above discussions
that drinking weter is 2 problem in mejor part of
Sanchore bleck, north-west of Saila, north of Ahore,
central part of Bhinmel, end southern part of Jalore
as some of the chemical constituents like N03, F, €1,
TS etec. in grownd water are beyond relaxable and
barmful levels and unfit for humzn consumption, Water
treatment processes to remove them are costly. So
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far no concentrated attempt has been made to study
the physiologicel effects of these excessive
salts on locel inhibitants. However, dental and

skeletal fluorosis hezve been reported in Jelore and
4dhore blocks,

4 source, free from harmful chemical
constituents, within the area has to be feund out
end protected, else better quality of weter has to be
trensported et e grest economic loss.
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CHAPTER -6
SUITABILITY FCR IRRIGLZTIQN

It is well known fact that the prosperity
of an area is directly related to its irrigated
lands. In semi-erid region like Jalore, the main
source of irrigstion is greund water becsuse rainfall
is limited znd no other source of irrigation is
available. Development of soil szilinity =nd alkelinity
ere intimately releted to the chemic=> composition of
irrigation weters which in turn effects the crop
productivity. Therefcore, the quality of ground weter
is very important in determining its guitability for
irrigation., Besides the chenicel quality of ground
water, the following factors should =21s0 be given due
considerations for determining the gquelity stendards
of irrigstion wzters. PFectors effecting the gquelity of
woter for irrigetion sre:-

£. CLIMLIE: It hes =2 bezring on sa2linity in seils due
to precipitation and evaporstion. 821t tolerance
of crops 2l1lso depends upon climetic conditions.

B. TOPOGRLPHY : It is responsible for drainability of
s0luble salts in soils.

C. SOIL CHARLCTERISTICS : Texture, nature of clay minerels,
organic matter, nature and concentration of salts
present in snils are few important characteristics
which determine the effect of irrigation weter on
the scil.
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D. SALT TOIERANCE OF CROPS: Type of crops to be grohn
also determines the suitability of irrigation'water.
Crops like Bajara, Cotton Jawar etec. can be grown‘
with relatively sallne waters on saline soils
vhile the some water may not be suitable for
irrigetion of the szlt sensitive crops (Citreus,
lemon ete. ) even on good soils.

k., EFFECT OF FERTITIZERS 4ND MLNURES @
Though the use of fertilizers =ng maﬁures increases
the crop productivity, their effects on soil proper-
ties with respect to the type of fertilizers being
applied to the soil' s can not be ignored.

F. WATER AND SOIL MANAGEMENT PRACTICES:
These control the accumula tion of. @Qluble salts .in
soils depending upon the texture gf soils, water.
applied and drainability of the area.

QL&§SIFICA&IOM OF_ IRRIGATION’W;TER

' The water quallty crlterla for lrrlgatlon is
a complex subaect and zs such it has never been
possible to hgwe & fool proof criteria because the
growth of a Spelelc crop depends on. verious fzctors end
not: merely on the chemical comp031tlon of. irrigetion
water. But it was sopn realized that the factors
enumerated above. are responsible for this complexity.
Thus the criteria which have been propossd by verious
workers for assessment of gquality of irrigation weter
may not be applicable under perticular: conditicm.
However, for classificetion of- the pround water for
irrigation purposes, chemipal'composﬁ%ioh of the water
alone- has been taken ihto*éonSideration and following
pafameters for evaluatigg”fhe suitability of water for
irrigation have been studied.

Ground Water Resources of Jalore District Part-11 Hydrochemistry Page 69



- 58

1. Total soluble salts evaluated as Electrical
conductivity, '

2. The proportion of cations viz. SR and
sodium persent.

3. The relation of bicarbonste to alkaline
earths,

The final recommend 2tions fer irrigation
use heve been considered on the basis of water Reting
criteria proposed by Znonymous (1972), as it tzkes

into account all the related factors viz. soils, waters
end crops.
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However, pessing reference has been made
to classify the analyses bzsed on modified P.S.
s82linity Leborztory diagrem. According to it,
nezrly 40% waters fall in Cg -8, (EC 4000 - 6000
IS/cm) and 06-84 (EC 6000 - 10000 JIS/cm) group end
10% in 07-54 (EC 10000 iIS/cm) group, hence can not be
utilised on most of the soils fer irrigstion purpose.
But rest of the 504 enalyses ere felling under Gzto c
class of EC znd 5, to 83 #nd even S4 cless of sodium
adsorption ratio. They cen be utilised with due
precautions on most soils, however on clezyey soils
menagement prcetices 2re to be followed.

4

Since the s0ils of Jalore district are meinly
sendy, lozmy sznd end sendy loam, the clsssification
propesed by Anonymous (1972) holds good ss a
guideline under the conditiors prevailing in the
digtrict.

LNONYMOUS WATER RATING CRITERIZ2 (1972):

It is based on field experience of verious
sgricultural experts working on utilisstion of
saline weter under verious soil conditions and
different crop patterns. It tekes into account the
s2linity hazaré in terms of electricel conductivity
of water and slkalinity hezard as sodium percentage
and residu2l sodium carbonate.

SALINITY HAZARD -~ EIECTRICAL CONDUCTIVITY :

165 and 49 representztive analyses of
ground water from phrestic s2nd deeper agquifer respe-
ctively are grouped in different E.C. ranges &nd are
presented, percentage wise, in teble XVI.
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Distribution of water gemples of
different EC ranges shows that 72.7 percent of anelyses
gre equally distributed in EC renge upto 6000 IIS/em
while 17.6 percent analyses show salinity more than
8000 US/cm 2nd the remeaining 9,7 percent have
B2linity between 6000 to 8000 13s/cm.

Plate IV based on periodic water analy-
ses from phrestic as well as from deeper aquifers,
depicts that the ground water in the distriet is of
moderate to high salinity. Distribution of EC
ranges in water samples of different panchayat
samities show that ground water in Jaswantpura,
Raniwarz, part of Saila and part of Jalore is
comparatively of low salinity where as ground water
in Bhinmal, Sanchore, Ahore is of high salinity.
The entire western part of the district has saline
ground water having EC value more than 8000 DS/cm.
However, localised fresh water pockets, usually
perched water, observed here and there in this . -
Selinity infested western part but they are ef ne
significance for any meeningful utilisstion.

Soils are mostly sandy, loamy send and
Sandy loam in textures with depth generally exceed-
-ing 60 cm. Water table is fairly deep. Hence, use of
waters upto £000 Ms se2linity for irrigation is not
likely to result in increase of salinity of the
irrigated soils except in certain igolated patches of
bigh clay content. Waters with EC more than 8000
BS/cm should not be generally used. However, in
certein azrea high salinity waters are be ing used for
growing salt tolerant crops mainly Kharchia wheat,
by adopting proper irrigation practices.
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Salt tolerant crops viz. wheat, rayda,
barley, sunflower etc. can be successfully cultivated
with these waters with appropriate level of fertili-
ser application and providing 30f50 percent
additional irrigation water for leaching. Normal te _
above normal rainfall occuring in the district c¢an
be considered sufficient for leaching soluble salts
accumulated in the soils as a result of irrigation
with saline waters. '

SODIUM HAZARD:

The sodium hazard in irrigetion waters was
eveluated on the basis of soidum to other cationic
ratios such as S#R, sodium percentage snd Na/Ca or
Na/Ca+Mg. Sodium in relaztion to other cations of the
‘water, effects the soil echaracterics. Soils irrigsted
with high sodium water become impermeable and hard
creating serious drainage prodlem. It also deprives
the plants from available micronutrients for
maintaining healthy condition. On the other hand a
low ratio tends to maintsin the soils in good
condition favourable for good crop.

SODIUM/CALCIUM AND SODIUM/CAICIUM & MAGNESIUM VALUES:

If the ratios exceed 1 in irrigation watere,
sofjum accumulation tends to become a problem in the
soils. It is particularly true for the soils having
high clay content but on sandy soil wster with high
ratios ¢an be used. It is less than 1 in about 10
percent of analyses thus remaining waters, when used
for irrigation can cause sodium problem,
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SOIDUM PERCENTAGE - Na%

Anonymous water rating criteria (1972)
has indicated that waters with sodjym percentage
more than 70 ecreate sodium accugélatien in soils,
L seen from teble XVIII more than 40 percent and
65 percent anslyses for phreatic and deeper
respectively have sodium percentage above 70 and
their use for irrigation needs suitable amendment,
In such cases application of gypsum directly to the
soils is effective.

RESIDUATL SODIUM CARBONATE - RSC3

Residual sodium earbonate is often found
in appreciable quesntities in waters of low salinity,
When waters cohtainihg'high RSC are used for
irrigation, they effect the spil eharacterist;cs
edversely becauge of th91r strong alkallne nature.

The hater rating criteria has 1nd;catea
that waters with RSG upto 2 meq/1 can be used for
irrigation without needing any amendment but when
exceeds this value, erinded gypsum at the rate gf
8.5 quintal per hcataze meter of water is to be
applied to counter-zct theeffect of 1 meq/1 RSC of
irrigat;on water,

"It is seen from the table XVII that 63%
and 61% analyses from phreatic spd deeper aquifer.
respectively do not show any RSC value while 25% and
27 epalyses respectively have RSE velue above 2 meq/1
peeding correcctive meessures like appllcation of
gpsum. The table further 1ndieates that the. RSQ
toxicity is high in low EC waters { ¢_ 4000 ﬂs/cn) as
compared to high: sallnity vaters.
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Sodium hazard, contributed by any of the
above discussed properties cen be reduced to a
minimum level by correct application of gypsum to
the soils as suggested.

The discussions, on salinity and sodium
hazards of the ground water of Jalore district, have
lead to the conclusion that with proper soil-water
plant management the ground water with E.C. less than
8,000 JS/cm can be profitebly used for irrigation
purpose mainly for semi-tolerant and tolerant crops
as the soil conditions are favourable,
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CONCLUSIONS

¥Waters of Jalore distriect, from phreatiec
and deeper aquifer have been analysed ehemicelly and
studied for chemical pProperties of water be axring
formations and chemical types. These heve been
further interpreted for domestic and irrigation
utilisetion.

Fhreatic water occuring in three major
water bearing formations vig. younger 2lluvium,
older alluvium and &renite is fresh to szline.
Saline water, with E.C. above 8,000 US/cm cccurs
in Sanchore, north of Ahore ,south-west and north-
€ast of Jelore and part of Bhinmal (Plate-1.).

Ground water occuring in younger alluvium
Covering an area around the confluence of YTuni and
Jawai - Sukri rivers is less mineralised having
bicarbonate, bicarbonate- chloride to chloride type.
Saline ground water occurs in discherge zone, west of
Sanchore. ‘

Older alluvium,distributed mainly in
north-eastern, south western, western and central
parts of Jalore mostly yields sodium chloride type
8aline to highly saline water. More than 30% of
analyses from this formation have high contents of
nitrate, fluoride and chloride, prohibiting their
use for domestic utilisation.

Both fresb and saline wsters occur in
granites. TFresh to moderately seline waters occuring
bear the foot hill zone of Jaslore, Jagwantpure and
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Raniwarz are soft with high content of fluoride,
Saline waters occuring around Bhimmal and Ahore are

of chloride type. Defluoridation or dilution by

low fluoride water is suggested for bringing down the
harmful level of fluoride before the weter is supplied
for drinking,

The gradusl chenge of chemical type with
the increase in total concentration from Siwana hills
to south-west (Bagora) znd from foot hills zones of
Jaswantpura and Raniware to north-west and west is
confirming to flow directicn.

Deep ground waters are hard and more
mineralised in Sanchore, Ahore and Jalore but around
Jodhawas, Punasa in Bhinmesl and near Alwesra- Dahiwa in
Saila they are comparatively less mineplised. The
chemics]l contents like TDS, Chloride, Sulphate etc.
of deeper ground water representing older alluvium,
younger alluvium and granites are comparatively higher
than those of phreatic ground water. However the
concentrations of nltrate and fluoride are compera-

~tively less.

The ground water from the tertiary; bk ither
to concealed, but now a promising potential agquifer
has a tolerable quality of water (Jodhawas, Bh inmal)
and can be exploited for both agricul tural snad
domestic utilisation.

The change in chemical type of deeper
ground water i.e. from bicarbonate to chloride type
is well in confirmetion with that of phreatic water,
However, the ground water of phreatic aguifer from
Dehiwa and Alwara are chlorigde type but in deeper
viater they are either bicarbonate type or mixed type.
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, The suitability of ground water for drinking
purposes was Jjudged on the basis of standerds
récommended by I.C.M.R. (1975). Only 29% and 42%
analyses from phreatic ana deeper ground water
respectively fall under permissibdile level of TDS i.e.
1500 mg/1 though some of them are not potable

because of their high contents of nitrste and fluoride.
However, 43% and 44% analyses from phreatic snad

deeper ground water respectively are unsuitable.

Their total dissolved contents have exceeded the

value of 3000 mg/l. Majore part of Sanchore, north-
west of Saila, north of Ahore, central part of

Bhinmal end southern part of Jzlore have such unsui-
-table waters urnfii for humen consumption., Drinking
water is a mzjor problem of these area.

The recommendations on suitability of ground
water for irrigation, are based on anonymous water
rating criteria (1972) considering both salinity and
Sodium hazards. According to the classificetion
ground water from phreatiec and deeper equifer having
EC value upto 8000 Mg/cm can be used for growing
tolerant and semi tolerant crops by adopting proper
8031 weter plant managements. L7.66 =znd 26.5% analyses
from phreatic and deeper ground weter respectively
are not recommended as their E.C. value have exceeded
above 8,000 pS/cm.
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