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ABSTRACT

~ Wineral-water equilibria and control of lithology om
concentration of different 1ons &n ground water {n Delhi region
were explored in this work. 15 water semples from different
locali ties rapi‘ééenting diverse lithology and 4 water samples
from Yemuna river, pond and abandoned mine had been collected
3 times in 1977 namely in January, June and September, approxi -

mately eotreape.ndiﬂe to peak winter, summer and monsoon season.

L1

For detatled sthdy winter data choosen because, firatly
they give average quality of water and ueoj:d.ly to restrict
large expansion of workmkeeping in view scape of M.Phil. disser~
tation and nvallghility of time.

Control of }litholog kas been cbserved for all fons
except for phosphate, limi ted control was observed in case of -
chloride, potassium and celciun. These taua. are found paximum
in eand dunes but 4in alluvium and quart¥ite then concentration
i3 not appeared to be governed by lithology. Excellent control
of lithology was seen in case of bicarbonate, aulphato, anicn‘

sodiun and magnesium.

Phase diagrams study based oOn water chemistry indicsted
that dolomite or aragonite and bhuntite are 1likely to be preci -
pitated depending upon the types of carbonate mineral assemblages

choosen for theoretical interpretation.



In the similar manner different silicate system
hinted gibbeite, kaolinite ami E~feldaspar are likely to be
precipi tated vhen X-silicate system constdered, in @so?és
silicate syston montmorillionite, kaolinite and quarty and when
megnesiun systen eoﬁéiéere& chlorite are likely to be precipi-
tated in t'hq'.s;t'ate of saturation.

P&'muy:.- the presence of kaou,nﬂe ard qﬁn,rta is
confirmed fro‘g‘ weathered product of & pegmatite mine near

Hasudpur village by x-ray &u‘t'rascfagraph.
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INTRODUCTIGH

It was um by our late Prime Ninister Pt, Jawaberlal
Hehru that naturs writes her story 4n dooks of stones and rocks
(Nearu, 1976 ), This statement of Nehru is perfectly true dut
recent rumd;cs have proved that stery of matore 4s not only
limited to stones and rocks but also to waters. The role of
vater in human affeirs is nesdless to emphasizs. Vater plays
dominent role in many geological processes snd this role was
mogntm sinee the birth of geology. The tclc is evident from
weathering of rocks, water as powerful transporting sedium of
sedinents ani mineralising solutions, precipitation of ainerals
from water particularly evaporites etc. The mors interesting
part is developed much later particulariy in 1960s known es
sineral-water equilibrium study. This branch is based on chemistry
of water.

In preciss words, wineral-watsr equilibrium study refers
to the study of interaction between water and host rooks.
Changes brought sbout by host rocks in dhemical composition of
vater and finslly precipitation of minerals from the water. In
last 15 years o7 80 cur knowledge of chemiosl behaviour of mine-
vals at ordinary temperature in contact with water hes incresased
* tremendous}y through experimental and theorstical hydrogeechemtstry.
The sineral-watsr equilidrium study requires the knowledge of |
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geology, chemtstry ané physics. In other words it {» inter-
disciplinary in aature. By theorstical analysis £t can be pre-
dicted succesafully which minerals are in equilibrius with water
or are likely t6¢ form Af saturation of water takes place. The
theoretical predistion in most cases has deen supported by actusl
experimental or tield ﬁndingl-

Thers are various aspects of geochemicsl tnvestigation of
water for example chemical quality study, bﬂl&ut&&i study, 4rink-
ing, agricultural and industrial water quality study, water-sineral
squilibriume ntnd_é etce. Vater-mineral equilibrium study has besn
done in varicus environment where it 48 found like gr&:’n water,

. mprings, t“i’ni‘i,. lskes, sstuaries ani cceans. Hers an stteapt is
being made, in brief, to illustrate the progressof mineral-vater
 egutiibriue study. The various aspects of hydrogeochemistry were
explored by the following works: Gibdbs (1965}, Garreis (1965) ’
Garrels and Mackensie (1967}, Benda (1966, 67, 72), Holman (1968),
Harriss and Adems (1966), Jecks (1973a,b), Jayaravan (1977), |
Krsasr (1968), Krsuskopf (1967), Livingstone (19(3), Reysshesay
(1970), sudramanian (1974), Subramsnian and 4°'Anglejan {1976) and-

Subramantan end Dalevi (1977). N
, , . bk
Harrimend Adams (1966) suggested/water acquire tto

conptituents from various sources like atmospheric fall out as

dust, salt particles from sea, voloanie dedris, reaction during
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ground water recharge and mineral dissolution and the release

of solute during chemical westhering. Thers are various factors
which govern the concentration of fons in water life parent rock-
type, climate, topography, and vegetation. Jacks (1973,b), Barris
and Adams (1966) and Benda (1967) suggested role of parent rock
tm' would be iﬁfp@mtﬁve and bc;amn abore ssntioned following
factors are also important nature of soll, sievro orgenism,
permeadility and transmissibility of rocks uizing of two or sore
aquifers of role of man in changing the cz'eum water regime.

Veathering is the major scurce of tons in ground water,
though prceip&hhi vhter contains some ions by interaction with
| the atwospheric gases (Barner, 1971, Mason, -ssss). ont of phyucal.’
chemical and organic weathering processes, chemical weathering is
of paramount fmporiance, it 4s also taking place in very arid
climates (ﬁornbm; 1954). Chemical weathering of fgneocus rocks
have been investigated by various authorss Garrels (1965),
Golddch (1938, in Thorndury, WQSZQ»). Harries and Adams (1966),
Jacks (1973,8) and Kramer (1967); as ignecus rooks contain large
musber of primary minerals of different composition. Goldichie
{1938) conclusion was confirmed by theg- authors that eﬁuonco of
disintegration wonld be plagioelase - ‘plotite - K-feldapar and
quarts means plagioslase would disintograte at faster rate &n
comparison to biotite, X-feldapar and quarts, boiﬁ.da this quueno.
of wenthering, these investigators also developed the conoept of



water<pineral reaction and gave firm footing to this. Kramer
' (1966) comes to conclusion from study of granite, limestone

ank orthogquartsite and chert terrain that kaolinite will be the
first formed mineral and the formation of kaolinite will be
sthanced by rise <of temperature, pressurs and nm advanced
weathering. Bﬁ aloo reported stadble aineral .a»nembugu of

these rocks. Kmukopt (1967) vy oxptriunfai_ study supported
that firet formed minsral will be kaolimite. Garrels (1965) has
speculated an wﬁﬂ ssquence of weatdering product in igneous
rocks, he has drawn concluston &f aeo; concentration is about

100 ppm 510,, Ca*% and J will be high based on f1e1d em experi-
’nenm. observation, in the adove situntion simultaneous precipi-
tation of imh&ﬁﬂmn and kaolintte will take place, &n next
step silica concentration declining as 1¢ 1e censused by these
minerals and pi and Bcog ' concentration start fncressing end at
200 ppa nco; saleite will precipitate if reaction proceeds |
further the dissolved CO, will be consuned up and would form sodiec
sontmorillonite and substitution begine mg'’ for a't e by
increasing their content of £*, Xal, !!g'"' and 98, ca*t ana 510,
concentration wonld disinish slightly, zeolite might begin to form,
-nbw kaolini te would tend to disappear and final assemdlage would
tead o Sdeeprenr amd Shusl assenblags wemlai be prisary ainerals
plus seslite ani montmorillonite. He finally draws ca‘naluuon
that clay is function of degree of westhering and ‘as weathering



| ymea&ﬁg silica startod coming out more and more out of
aifferent minerale. Kraiskopt (1967) expected besides above
minerals chlorite, gippsite and ellite. Gibbe (1967) concluded
that percentages of minerals in sediments 1ike mica, #llite, -
quarts, plqgioﬁm will be eontrolled by relief and physical
weathering prmmé and presence of montmorillonite will de
controlled by ecaleic rocks and a combination of low relfef and
chentical natherins_.

‘The releasing fons to solution 18 also investigated
thoroughly, both major snd minor tons. In case of stlica, ions
are released from alkali ion minerals like bhgioohu (Garrels,
1965; Handa (1966) and Harriss & Adems (1966)¢ Experimental
investigations on silics ions was done by Kranskopf (1967). ’Bo
found that solubility of stlica varies with its different fora,
at room tnpaﬁ?mu quarts is soluble upte 13 ppm and forming
weak silicic actd (343‘-“‘)' In case of amorpham silica or silica
gel solubility can go upto 120 ppm. He also tnvestigated the role
of pH, the solubiiity of sllica is constant below pli of 9 at
ordinary temporature and it increases rapidly sdbove S pH in
colloidal form. Xn ordinary ground water {¢ is found between
10-60 ppm. The conclnaion is drawn that silica is state of inm-
oén!.ubu\m sither silica 18 supplied in less guantity or it 4»
used up by organism. '
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In case of calcite interesting observations were made
by Erauskopf (1967) and Jacks {1973,e). Kranskopf peinted out
that calctite is more soluble in cold water and releasing more
c.“

the saturation of water with carbon dioxide, the 662 {8 more

tons. He finds out that soludbility of caloite depends on

soluble 4in cold water hencoe smore ocarbonic acid will fors. This
carbonic acid will dfasolve more calcite and forms caleitidi -
carbonate. Jaclm (1973,0) obnorw'm that caleium concentration
incresses with sslinity of the water and caleite will precipitate |
in :{tﬁto saline wator but in case of sea ui.r instead of caleite
arigmfo is precipitated (Pettijohn,957 ). Handa (1973) observes
that 38 7 1ndicates free CO, gas present in the water, he sttri-
buted this to rapid circulation of water with Iz‘-'esuzt that {nsuffi-
clent time of contact between rocks and wfator'v or Qba;nao of
éaietun sinerals in the réeke-.

Rezarding the other ions, Kranskopf (1967) suggested the
~ sources of k', n* am ng'* tons in water are feldspar, mica,
amphibole, pyroxens of ignecus rocks and varicus schists and
gueiases of metamorphic rocks and scurces of chloride and sulphate
is either contamination of sulphate water sand other waters or dry
fall out particularly 4in coastal regton.

Water<mineral equilibrium study $n river water was done by
various vorkers. Dalavi (1978), Garrels and Mackenste (1967),
Gidbs (1967), Hokman (19@8). Jayaraman (1377), Livingstone (1963),



Raymashasay (!915). Subramanian and Dalavi (1977). Nost of

their work related to construction of phase diagrams of different
component, experimental verifications and theoretical findings
add ercsional study of catchment area.

Subramanian and d'Anglejan (13976) from the study of
St. Lawrence e¢stuary predicted that kaolinite, Mg-chlorite and
miorocline can be expected to be present in the sedirent. They
have confirsed the theoretical finding dy X-ray nineralogical study
of suspended ;m;m:. |

fganda {1972) actually observed the prasence of kaolinite
and ke-mica in guaﬁudcd natter of Ganga river, this observation
" was further confirmed by Jayaraman (1977) in his teorstical study
of mineral-water equilidrium fn Ganga river based on chemical dnta
given by Handa. Dalavi (1978) both theoretically and experimentally
reported presense of kaclinite in Yasuna river water. Subramanien
(1974) on nis sfu&: of St. Lawrence river predicted the presence
of kaolinite dut hs did not confirm his obsorvati ons dy experimen-
tal study. Gibbe {1967), Kramer (1966) and Subrasenian (1974)
drawn conclusion that drainage basin charscters are likely to
reflect in river water chemistry. This type ¢f study was based on
soluble dlesclved 1ons snd suspended matters. "
Raysabasay {1970) reppried, based on old governaent an‘l;a
the predominance of mechanical weathering over chemical westhering ’
in Ganga river basin, but Jayaraman (1977) -contradicted this and



10

on the basis of carbonate equilidbria study suggested chemical
veathering will dominate over mechanical wsathering.

~ Garrels and Mackensie (1967) concluded from the study of
chentoal composition of aprings and lakes of U.S5.A. that compo-
st tionstf sps sonasistent vith a model shich the primary roock
forming silicates are altered in a closed system to a soil mineral
plus solution in & t:fdy state tq_uinbum'uth their minerals.

¥ater-aineral oqaﬂtbuuu study in case of ground water
1e also done by _émcla (1965), Harriss and Adams (1966), Jeoks
(1973) etc. Harriss and Adams predicted the presence of kaolinite
and nernﬁor}. lloni te ‘Sa the soil of granitic rocks and they also
veed i atability diagrams as & means of fgm;!ing cut matursity
index of soil. Jacks (1973) 4n case of & South Indien district
predicted keolinite would be mainly present in water. Handa (1967)
nade thn atatistical geochemical ground water of study of Cuddalore '
&atrxet and drawn conclusion that ppm concentration of nca;
incroases with increass in salint ty, gn another study of ¥Weat
Bengal, Handa (1966) drawn conclusion that 1t is not essentfal that
total dissolved salts and soluble cations should always increase
with {ncrease in .thur conductivity.

The ground water in -Delhi regton is traversing across
various 14 thologlcal formations of varying age end varying climate
(Chapter II). Ground water of this ares was investigated by '

various workers from 4ifferent potnt of view. The important workers



11

wers Biswas, Das and Verma (1964), Paliwval st.ad. (1976),
Roy {1969), Sett (1964a,d) and Sett & Khanna (1369). The Yamuns
river arcund Delbi was investigated by Dalavs-(1978).

Roy (1969) 1a his study of North Indis briefly described

- the general ground water condition of this region. Biswas gt. al.
{ 1964) have mwaﬁgatbé thts area from quality rating of wells
for irrigation purposes and they have measured the water-table,
fluotuations in nt-r-tabiva and presonted large number of partial
chenical analysis of waters from differsnt region. Sett (tséh.b)
and 3ett and Khanna's work included utmt@hlo atudy, water-
logging prabin of Northern and Veastern Doih;' and' partial analysis
pf different piucta. Sett (1964,d) made comprehensive study of
highly saline water of Farrukhanagar and Sultanpur area and
reported 4 complete analyses. Biswas has observed rise in water
table from .1 t0 .65 meter in this region and also discussed
ssasonal fluctuations in water table. Paliwal and Yadav (1976)
made exclusive study of ground water from agricultural point of
view and discussed the solubdiiity of water and reported large mumder
‘of partial chemical analyses.

' It 48 clear from the sbeve reviow of Delhi region that
previocus work coneists of water table fluctuation, p‘artul chemical
analnen‘ vhich ars-in tura interpreted in tei'n of gquality from
domestic and agricultural point of view ind general and nature of |
vater table.. | |



Scope of pre sent wofk

Tthe present work consists of mineral-water equilidbrium
study in Delki and part of Haryana State ground waters. UIn order
to produce a generaliszed picture of the region water sanples
were c¢ollected from all the rock types in rough proportion of
their aerial dtstribution and some water samples are also collected
fros exposed water bodies like river, pond and abandoned mine.
. Seasonal mp‘!.s.ng of water from the nans:\o;raa ‘1“"62‘:—, study tha
. seasonal variation of watere  Quality and its impact on sineral-
water .ammua. But this work is confined to only winter samples
beceuse average water quality is availadle in this season and
scope of M.Phil. disaertation and availabilityof time wers other
factora. It is believed, winter sapples give average quality of
water becanse there is no excesetve evaporation of vater as it
: happens in m;o_é. vhich causes higher aonc.'mtntion of 4ons in wmter
and 4n rainy season there ie much dilutton of tons take place becavse of
percolation of surface water. The quanti utﬁm determination of pH,
conductivity, total dissolved salts and major fone wers done in

the laboratory.

The possidle sources of sulphate, phosphate and chloride
{ons have also bém sxplored in this work because these 10ns are

usually nrot pressnt in minerals.



CHAPYTER s IX
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CEOTYDROLOGY OF DELET RECTON

The area i{ncluded in this work falls between 28015 |
to 28945' latitude and 76‘45' to 77¢50° longitude covers more
than 3800 sq. km. shown in Pig. 1 (Sett, 1964). The iwportant
cities lnd towns of this ares are Delhi, Paridabdad, Gurgaocn,
Najafgarh, Ferrukhanagar and Badarpur of Union Territory of
Delht and mwj: of Haryana State. ’ ‘

Clinate

Accordtng to Sett (1964) the most fart of the area comes
uvader semi arid type of climetsf and part of area particularly
,'“m.n region 1a having arid type of el_iuto. The to-p‘oratuto
varies between 6.3°C to 4?.@6 while mean tﬁ"poratuu i8 24.8)C
the lowest temperature is found &¢n the month or Descexber and
January and highest in the moath of May and June.

The rainfall in this region is erratic and average is
about 55 cms per year. The major part of the rain fall takes
place in the monsoon aigso;hns a small part 4in Decemder 'na
Jamuary. a_onetimte flooding also occur in this region in sonsoon
geason.

The amount of ratnfall and variation in temperature doth
daily end anmal are likely to have stbstantial effect on the
quality of ground water. |
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anoenphy :

Topography is ulso‘ one of the important geclogical
factors which plays major role in the recharge of grou‘nd/ water.
The ground water rocharge is more 4f area is plain and 4t in
less if area has h_s;gh skope provided other ‘factors remain the
ﬁu iike roock ﬁpe._ fmctui-ea. Joints, hsqwa. vegetation,

amount of rainfall and smount of wupétats.ohs _

The most part of the ares s plein mi nature composed of
alluvium and part of area i{s composed of nu@ and sand dunes.
Hills are prominent features of quartsite (Sett, 1964). Delht
Ridge is found in quartsite terrain, enters from NNW direction,
s most tmportant feature of the area and is also acting as.
water shed. |

The "ruhna'as the only perrenial river traverses in the
HE part of the ares end in fact entire ares is part of Yemuna

Drainage beasin,

Geology of the area

This area &8s composed of different 1{thological formations
of heterogeneous character and of quite different age. There are
3 important geological formetions met in the ares vig., Delhi
Quntuto. Older and Younger Ailnﬁu and Sand dunes. The geology
and distxidbution of these formations are shown in Fig. t. The

important geological charscters are condonaqd in Tadle 1.
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TABLE 13 OROLOGY OF DELET REGION (SUNMARISED FROM SETT, 1964)

s._ﬁo.g Bame of thc ro-haﬁm g m ‘ot' the formation

g Eature of the formations a Special feature

1.

2.

b 18

. &,

Bolean Sands

Newer Alluvium

Older Alluvium

Delht Guartstte

Recent

Holoaane

Rolocene

Davelopad in weastern part. It
is well sorted fine to mediun
grain, consfsts of quarts,

Sand dunes

ferromagussian winerals and sica

flakon.

Found in eastern part, formed
by stream laid sand, sf1lt and
days grey in colour.

Pormed by orosion and strean
transport of bded rock debris
and in part insitn weathering
of bed rook material. Bxten-
sive distribution. Poorly
sorted saterial.

Caconforaity

Precandrian

Covers 25% of the area; com-
pact, thickly bdedded, very
hard and bluish grey to piide
grey in colour. Quarts grain
has vitreous luatre and
bresks with subchondroidal
fracture.

sSand & medium to
cosrse grained. .-

Characterized by
Kankars, cslciup osr-
bonate nodules which
are found at the depth

of 2.4 to % neters.

Forned in the =one of

801l water,

Highly Jointed. Locslly
intruded by the pszma-~
tite veins particulerly
in Masudpur area and
workable kaolinite depo-
sit s another charaot-
eristic of pegmatite.
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Occurrence of Ground Water

) " Ground water occurs in all the formations found in the
area. In alluvium and sand dunes the ground water occurs in th§
interstices or pore spaces of the constituent gr@ins‘ lying with
in the ‘zone of saturation. Quartsite is very compact rock |
hence source of ground .uator in quartzite 18 joint and fracture
plains which lie within the zone of saturation. The ground water
‘occurs ¢n water table condition means ﬁ\'i‘t:il? o!.apérﬂ.m aquifer
vhich could creats artieian conditions on the surface. The slow
recharge Wate in sand dunes ‘oﬂd‘ont from patches of water lcsging
suggests localiged pocket of grouna' ﬁltuﬁ._ R‘his‘ obaer‘v_alstton‘ is
not oconfirmed (Sett, 1964). ‘ | |

Depth and Slope of Water Table

The pﬁ.nci.ylo source of recharge in the area is rain fall
and to some extent partly downward a nd lateral percolation of
the Yanuila' water. Recharge of ground water is controlled by
various factors as discussed in Chapter I, like amount of preci -
pitation, naturs of topography, nature of s¢il cover, rock type,
cultiiatcé area, amount of primery snd secondary porasity like
fractures and joints in the rock. The main sources of discharge
of grbun& water ars dug-well, tube-well, evaporation, springs and

lateral movement of water to decper depth.
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The depth to water table varies from .11 to 31.51¢
meters belowv land surface in winter and 1.49 to 32.57 meters
in the summer (Sett, 1964). It indicates seasonal fluctuation
is very small. The prcodable season for this fs water discharge
48 small because water quality in most part is unfit for domestic
purposes and water requirement of the oity ik mot by Yamuna. The
water table is shallow in the sand dunes and alluvium and deep
in quartzites. Sett and Khenna (1969) cbserved that mearly B84%
of the well are h_aving the water table within depth of 5 meters
- from the surface and nearly 49% wells are in the 2 meters. The
water table gradient is also variable from place to place, 1t s
75 n/km at Farrukhansgar while .19 m/ke in the north uu'toﬂi_
part.

In localities, where water table is very shallow, the
capillary {vinge intercepts eof ther land surface or approaches very
near to it. In such cases in dry season salts are drought yp on
the surface by capillary action which forms an impermeable layer
on surface or just below the surface which ultimately resulting
tnto water 163@!,&3. When water evaporates a salt layer forms on
the surface, which is white gleaatening in nature, is locally
known as ‘Reh'. Vater logged patches are extensively developed
between Parrukhanagar, Sultanpux and ad,)oinha area. In the same
localities "Reh' layer is also observed in ;}atehn. the water
_logging is al.sb caused Dy Kankar beds of carbonate of lime and



magnesia, becsuse Kankars are relatively impermeadle
(Biswas, 19653 Sett and Khanmna, 1969).

17
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’ : METHODOLOGY

Sampling procedure

Proper sample collection is the main dase of .any
scientific work and {ts importance is neodless to be stated.
There tm'o' 4 iwportant parameters for sample collection had been
taken into consideration, namely, time of sample collection,
rock types, dzafaneé between two sample spots and source of ‘

- semple.

Fluotuation in water quality over a period of year can
be cbserved by only collecting the seasonal samples. Tdeally in
one year 3 times sampling chodd de done at the time of pesak
season, namely, winter, summer and monsoon. | These samples will
represent the impact of climate on quality of water. _s”““i
ﬁmpnna of selscted area 48 also hmaury because {1t is facing
extreanm type ot climate from chilly cold to sc:\tching hot,
in between nonsoon sometinmes result into widespread flood, there-

fors, sanples were tollected {n January, June and September,

As stated in Chapter IT that thers are J important
formations preseat and they have unequal geographic diatridution,
It is r'mghly caloulated more than 70% ares is covered by alluvium,
about 25% area is coversd by guartsites and rest by sané dunes
and there $s nogligible occcurances of pegpatits patches, besides
these rock types. Yamuna is the perennial river flowing across

the area and there are also some small permsnent water bodfes
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‘ like ponds and water filled abandoned minos. The demand of

this cbservation {a that sample should de collected from each
rock type and water bodies. A fair representation was given to
this cbaservation. Samples were also collected froe Trans-Yamuna
area (shahdras and Kotla village) because this area 1s formed

by newer alluvium, and there is possibility of saepmmisii lateral
psrecolation or movement of Yamuna water &n this ares because

- water table is vory shallow in the ‘i‘cgto_n.

Samples were collected from different types of sources
like tube-well, hand-punps, dug-weils, Yamuna river, pond and

abandoned mine.

In all, 19 sanples were collected from the entire area:
4 from quartsites, 3 from sand dunes, 8 frop alluviums and 4 from
c:posed. ntu; i;oaies. The sites of the difr;rent sample spots
have been shown &n Fig. 1 along with other detotls. The locality
of the samples, i'eck types of the sampling site, source of sample
and approximate depth of water table are sumsarised in Table 2.

Samples uti collected from predetermined locality in one
1itre polythene bottles. PFirast of all, clesan bottles wvere wished
tuie‘é with sapples water and then it was dried and then fresh
sample water was guickly filled {n the bottle till the mouth.
cnri was also being taken to ses that no air babbles remain inside
the bottles and after removing all alr bub‘bﬁu it was quickly sealed
In the field diary, name of the locality, rock type and source



TABLE 2

AND LOCALITY OF SAMPLE 8POTS

SAMPLE SBOTS, DEPTH OF WATER TABLS, ROCK TYPE

B

_ Hine

8.&0.5 Rock type g Bame of the sample spot imﬁh o 3’ ‘Source
'- water table §
3 $ m}app:ox.ning o
t. Delhi Quartzite Jawaharlal Hehru 12 Tube-wsll
' University
2. Badarpur 6 -7 Dug-well
3. Fasudpur 5 -do-
4o - ¥ehrauld 18 0
5. Alluvium  Shahdara (7.Yamona) 2.5 Rand-pump
6. Kotla Villsge(-do-) 2 =d0-
7. ~ Tilak feger 2-3  do-
Gurgaon 10 Dug-well
9. Lajpat Bagar . ‘Hand-pamp
0. Najafgazh 5 wd0-
1. Fartdadad 14 ~ Tube-well
12, Delhi Cantt. 7 Dug-well
§3. Sand Dune Parrukhanagar 1.8 Dug~-vell
14. Parrukhanagar 1.5 Rand-pump .
15. . Sultanpur 1.5 Dug=-well
16. Exposed water Okhla fasuna River Surface of
- bodies. ‘ water bodies.
- 17. Heni rabad 3 0w =d 0=
18. Suraj Khund Pond -d0-
19. Pegmatite Nine Abandoned ol O
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vere alse noted down. Depth to water tabli ws not miuﬂd

in the field, it was taken from the work of Sett (1964a), who
collected large nusber of samples from the entire aroi and also
aeasured the actual depth to water table. Visual estimation
was done in case of dugewell. It &ia densired that certain
observations should be pade On sampling spot 4tself ke pH and
alkalinity, hovever, because of lack of facility 1t could not be
done in the field but as soon as samples were hrmé!;’t into labo-

ratory, the desired cbservation was made tmmediately.

Laboratory study

tanediately after the samples wers brought into the

laboratory, pH, conductivity and alkalinity were measured. pH
ﬁna measured by Philips porteble pHl meter, conductivity was seasured
by Systronics conductivity meter. Conductivity was measured in
nicreuhoa/cnz. At the some time conductivity of standard solution
tn which known apmount of soluble was dfssolved was measured for
‘dreving calibrathon curve at room tapmtuﬂ‘and pressutre. From
the help of thié chart amoudt of total dfcsolved selt was calculated.
Bicarbonate alkalinity was deterzined by titration procedurs dea-
eribed in next paragraph.

Tthe tol.lmﬁng sajor u;na viro quaatihuvoly doterained in

the laboratory by atendari methods, the fong arve ncos. c1”, 804

904 .!.In.h.xg M&s’.oao
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3 types of analytical techniques wore used for gquanti-~
tative analysis namely titration technique for Hﬁog, c;l', ca”
and mz*t, fiaue photometer technique for ¥a* and x* ena spectro-
photometer technique for rest of fons. The brief description
of adepted mathods is as follows:

Por tricarbonate fone, a known quantity of samples was
titrated sgainat ot NAU1 using methyl orange as indscator (Nartin,
- 1968). Chloride m deternined by titrating the known amount of
saeple against 228 m&’ and potassius chromate is uul as indf~
cators (Martin, 1968) . In case of calcius and magnesium standard
BDTA technique was used. A H/S0 EDTA solution was prepared along
with two duffer solutions of 12 and 10.2 pH« First calcium vas
estimated with 3 ¢c buffer solution of pH_‘ of 12 by using murexide
m'dicata*_. n‘t&r' dcz_;xe“ thi.a fresh sample was once again titrated
for caleium and magnesium using eriochrome dblue indicator and few

drops of buffer er pE of 90.2 ( American Pnt_alie Health Association).

Sodium and potassium was determined by Toshniwal flame photometer.
Before actual sample processed in flame photometer, first cali-
bration curve was drawn by taking the reading of standard samples
ranging between ¥ to 10 ppm of sodium aml potaasium concentration
iopamtaly. The readings of actual samples were obtained after
required dilution by double distilled water. |

hagis
550.4¢/ (5‘/5'5)-‘\\“ 239
! B5s

7
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Sulphate silica and phosphate méumﬁmﬁ was done by
ECIM spectrophotometer by ﬁeing‘ standard method described 4n
goltersan (1'9653.- Por all these miysu first standakd cali -
bration ecurve nr& &rgm} by usiog uanplis of known concentration.
Then actusl samples were ran on the spectrophotometer vith‘usaa;g'
 different wavelongth of light 420 m. for sulphate, 530 m « for
phcupahaie and 820 » ¢ rai- silicate.

)

The data ¢btained Ln ppe are shown in Tadble 3.

Treateent of data

An the anailytical results were e~morted into ppm. Then
concentration of each 1on was recalculated in terms of molality
by using the formula
_ -3
o) o PPR X 10 °
molality (nt) = == molecular welght
In next step fonic strength of the sample was calculated by forsula

deseribed by Carrels and Christ {1965).

n
, 2
Tonie strength (I) = V2 mi 2
' it '
vi = molality of individual ions

z&.zu charge of individual jons.’

Activity coefficient can be ea;culatéd by two methods bne is
Debey-Huekel equation and annth;r to Mean Selt Method. In ecase of
{onic sthength less than 0.1 as in ground water, frosh water, river
wvater Debey-Huckel sguation is used; 4f it 1 more than 0.1 a3 an



Table IIT: Amalysis of Delki Greund Water (vinter)
Date of sampiing: 28 « 31 January 1977

s.no.i Name of the spot 3 Reck typey po 82::3‘:;,3 TD8 a swzg aco,g S0, 8 PO, i c1 8 uy} et geg* gk“
1.  Yamues Water at Okbla = 7.35 580 530 85 244 48 12 4T 15 28 26 %6
2. Yazuna Yater at - 6.9 540 488 102.5 219 56 7 31 48 28 56 16
Wssirpar , ‘
3. Surajkhund Pond - 8.2 860 763 62 36 291 7 119 19 51 39 19
4.  Abandoned Nine near - 3.2 235 181 11.5 10 45 4 31 34 25 18 7
Hasudpur , , . ' ) ,
5.  Shahdara Alluvium 7.t 2700 1807 108 66 430 9 3% 750 S4 257 145
6. Kotla Village -do- 8.2 1050 946 75 46 332 1 59 217 100 92 38
7.  Tilek Nager -de- 8.2 1515 1305 B85 &7 33 8 281 250 94 96 144
8. Delhi Cantt. B [ 2 7.5 800 700 118 54 278 7 31 146 96 32 41
9. Hajafgazh _ «d0= 7.5 1350 1118 58 13 416 9 172 225 125 53 38
10. Lajpat Nagar ~30= 7+25 1400 1148 94 67 290 1% 143.7 261 167 74 90
11, Gurgaca , © eloe 842 1120 958 1113 53 206 16 81 190 56 96 49
12. Faridabad , ~de- 8.1 1000 858 94 3T ¥ 15 62 153 83 55 20
13.  Parrukhanagar Sand Dume T.3 12000 7942 - @ 32 2531 10 1075 900 138 664 514
14. Sultanpur . eflee  T.5 13000 8505 10 35 2315 12 2561 1620 247.5 718 278
15. FParrokhanagar ~do- 7.6 7620 4615 59 39 663 15 2562 805 175 244 100
16. Jawsharlal Nehru Untv. QuarteiteS.0 810 574 A12% 48 200 62 83 42 103 16
17. Jasudpur i @ 8.1 940 668 110 S6 15 13 156 113 125 mn 35
18. Badarpur -Ag=  6.85 1030 912 132.5 44 315 5 128 125 125 58 35
19.  Mehrauly ~do-  7.452810 2318 135 43 750 5 266 412 35 3% 105

sConductivity in micro ﬂ_b@l/ﬂlao 4114 other data are im ppm except pH.



example sea water whose fonic strength 8 0.7 or super saturated
brine Mean Salt Method 1s used (Garrels am Christ, 1965). The
fonic strength of eralysed samples were less than 0.1 hence De‘bey;
Huokel squation was used which {s as follows (Carrels and Christ,
1965) ¢ |

1@3'1‘1 - mz
1+4°B

vhere L activity coefficient
Ay 498 = constant
B/ § = charge of individual fons
o § = Tonic strength.
The value of A, &%, B are the function of temperature. For dilute
solutions the abave eguation modifies to
-0g¥, = am® 7.
At 25°C and t atmospheric pressure the value of A &s 0.5085
{ stum and Margon, 19?9).

In next step activity of each ion was calculated by nulti~
" plying activity coefficient and molality of individual fons

8 = aTz .- 8, = activity of dons.
The activity value are converted into l.agariﬁmie value for

yiotﬂ.ng the data into atability diagiu. All the values are showm
in Table 4 axd 5.



TABLE IV: CALGULATED VALUES OF Jogpit0,, Log %-,,-. 10¢ 223
g.yzpng and pa VzPCa

1. Yowuna (Okhla)  4.3010 37 4.4 5.92 6.25
2.  Yamuna (Vasirpur)3.0000 4.14  4.60 5.65 5.83
3.  Suraj Khund 4.7182 5.10  6.06 6.55  6.55
4 Abandoned Mine 4.0792 2 5.97 7.85 T30 - T7.39
5. Saahdara  3.0792 4.10  5.50 5.76 5.75
6. Kotls Village  4.9031 5.99  6.09  6.64 6.72
7. Mehrault  3.1468 459  4.60  6.07 6.2
8.  Tilak Hagar 4:9345 5.50 6.10 670 6,91
9.  Delht Cantt.  3.1139 -~ 4.30 475 548  5.32
10,  Najafgarh 4.7782 4.55  5.15 5.71 6.05
11.  Lajpat Hagar  4.3412 5.00  5.43 6.07 5.93
12. Gurgaon 3.0792 S5.24 6.05 6.7 | 6.70
'13.  Paridabad 4.9912 5.35  5.86 6.42 6.59
14. ¥Yarrukhanager 4] 4.62 5.68 6.04 : 5.98
(Hand-pump) : .
15. Sultsnpur 40000 5.25 6.3 6.18 6.07
16. Farrukhanagay 4.,7782 5.15 6.1 6.23 6.32
(Dug-well) .
1. Jawharisl Nenrs 3459 5.95 5.5 6.32 6.60
18. Wasudpur 3.4140 5.55  5.75 6.62 6.55
19. Badtrpu!: 3. 4461 4.26 4.49 5.25 5.25

6

I
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Por carbonate system; {t i& necessary to have the value
ot ¥ .\;,ec:2 of eath sample. It was caledated by the help of the
following equatiens

i _ » .
320 + 302 = B » 5603 .

;t equi librium
x = [&f [scg
01 (005

Feo, =a[8) [HCOy =K.

K is the oquiubrlim constant. Itskx value {3 calculated theoreti.
cally; E* ge the pi of wator sample end HCO; 18 the alkalinity of
water sample measured in the ladboratory. The value of gco is

2
shown in Table 5.

For construction of atability diagram required free energy ¥
value o each ions and minerals are taken from Garrels and Christ
(1965)



TABLE Vs CALCULATED YALUES OP gccz.%m“. tprg** ana

| alﬂscl%ﬁ.
s.nc& Locatton { feo, g ogca® 5 Gang™ g alogCa**/amg®”
t. Yamuna (Okhla) -2.48 00049 011 044
2. Yemuna(Wasirabad)  <-2.48 00092 +0004 1.3615
3. suraj Khund - =3.57 30031 00066 0453
4. Adandoned mine T R e —2.S3WI o 1903
5. Shahdara 232 0021 .002 1.0212
6. Kotla Village . =2.54 00N +00076 1645
7. Mehrault «2.83 0033 0017 2818
8. ‘Tilak Hegar  =2.93 008 L0026 2.57198
9. Delhs eantt. L e2.25 00043 00092 -s.ssz:é
10, Najafgarh w2438 009 00084  .6665
11. Lajpat Nagar R | +00064 0014 ~1,6628
12, aurgaei - ~3.41 L0012 . 001 1,072
13. Faridsbad -3.'574_ +00076 «00043 . 1.76 .
" 14. Parrukbanagar -2.86 - .0023  .003  .8842
\ (Rand-pump) ‘
15. Sultanpur | -2.81 .0023 0014 2148
" 16. Parrukhamagar «3.0 00271  .0018 1761
(Dug-nllg'
17. Jewaharlol Rehru -3.27 0016 00044 4848
Universtity

16. Mamudpur -3.34 00114 00034 <1461
19, Bedarpur w2423 00062 00062 1.0
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ANALYSIS AND INTERPRETATION

Hydrogeocheni stry lwas many field of investigation.
Tts various aspects are total dissolved selts (TDS), total
suspended material §TSM), possidle resction between ground water
and host rocks, mineralogy of suspended matorfial, quaiity of
ground water for different purposes. The Deih» groand iatar is

lacking in suspended material. Therefore it was not investigated.

Total Dissolved Salts ('i‘DS) _

The hydrogecchenmiatry of TDS was exanmined by various
authora both 4in case of ground water and river water. The tnpir-'
tant workers are (arrels and Mackensie (1967), Gibbs (1970),

Grove (1972), Handa (1967), Jacks (1973), Jayarawan (1977), Eramer
- {1967) and Subramanian (1975). Their combined cbservations suggest
that there are various factors which control the ultimate cowposi-
ttén of ground water or river water like nature of rock type,
climate, process of weathering, underground movement eof groumd
water, pH 'of water and water-mineral equilibrium. Groves (1972)
cores to the conclusion that humtd tropical weathering of basic
rock yields a large amount of dissolved load, while Kramer (1967)

_ has drawn conclusion that pi, silica and partial pressure of carbon
d{oxide in water are important factors ug the tomts.oﬁ of clay
ainerals. Same conclusion was drawn by Garrels (1967). Initial

PH of water would be 5 when 1t #nters into soil sone because co,
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content of soils of fgnecus rocks {a 10-100 timen more than
atmospheric content. 1In advance stage of reactions the certain
" new minerals like kaolinite, montmorillonite and calectite i‘ai&

along with increass in pH of water,

Jacks (1973} in a sipilar stﬁdy drawn conclusion {n case
of ground water of igneous rocks that composition of soil atmosphere
and rate of fafiltration a‘efam:u the initial actdity 61’ the water
and ultimately final composition sixsatk and he o de quantitative
estimation of release of dicarbonate fons from different minerals
vhen react with waters of different p. Subramanian et al (1976)
come to the conclusion that correlation can be expected from water

composition of a river with rock types of water shed area.

TDS 18 generally contributed by major ions found 4n
water (Handa, 1972). The major tons are Ca'', ue'*, ¥a*, £*,
aco; o C17, 8
vity is not accurate because uncharged dons like 8102 and uncharged

0; N 5102. The determination of TDS through confucti-

organic mn terials found in water do not help in estimation of
conductivity, the property of conductivity of water £8 confined

to charged tons only. TDS in investigated aroﬁ varies from 180 ppm
to 8505 ppm. @n‘sia very high in sand dunes, 8505 - 4615 ppam.
Comparatively in alluvium, 7BS {s such less, 1807 - 700 ppm, and
from alluvium to quartzite, 2518 - 774 ppm, 1t is still less.

The TDS {n exposed water bodies is aleo variable from 763 ppm in
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Suray Khund,ts 530 ppm in Yamuna at Okhla, 485 ppe at Wazfrabad
and 181 ppm in Masudpur abandoned mine water. The variation of
DS 1n different rocketype 1s due to change in climate from
arid to typieal, different soludility of minerals, different
porosity and pcrmaabinty‘ of the rocks, different dlay minerals,
which are found ¢n the water having capacity to absord the fons
from water and role of oxteml factors like application of

. fertilizer in agricultural field, .roeharcc of atagnant poliuted

‘water etc.

Abandoned mine water is showing very spall TDS. It is .

: prdbsbly kaolint te 15 ebgorbing tons fron water while at Suraj Ehund
water is stagnant and perhaps c¢lay minerals are not playing any
important role. In the Yaruna rtira‘r, 7DSHs increased from upstrean
to downstream. It 15 because of addition of industrial and city -
affluents added into 1t.

pH

Alkaline vater is dominating in the area. Ouf of 19 p
miyu-, two belong to acidic pi, rest water is alkaline (Table I11).
The Yamuna water when enters into city at Wazirabad showing pH 6.9
vhile at the end of city &t Okhla 4t shows PH 7.35. ' The change in
~ pH can be a?tnhutod to aﬁd’ition of large amount of eity and
4ndustrial affluents and "intense photosynthesis can lead to alkaline
- Condition ¢ & gtream due to removal of carbon dioxide in sunlight by green
plants® (Kletn, 1977, 183pp), this quotation fs also applicadble
to Yapune em £t has on both sides and on niver bed hoévy plantation.
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The Badarpur ground water is alao ahoung actdic character

with pﬁ 6.5 the probable oxplanatien Oor i1t is ram nter contain
- high ancunt of 394 ions as thernal power house is situated here
and pircolaﬁ.on of 4t through fertils ger applied ﬂeld; The
diesolution of fertilizer could be cause of slightly actdic

water,

me rest aauples have ahown p& trm 7.05 te 8.2, The PH
of the grmnd vater n gonmed by equi libriu: aystm opcrating
in wator. Tbere are two mjox* -yotou - carbcmato ajﬂ silicate
systems - usually opoi'ute in water. Toe bB. whother acidic or
'aw’aune.”it doteminé& ‘by ‘tﬁe f;ct vhich systenm “, dominating over
whtlch’ . ‘sinea' mo.at of the amﬁln are shoung‘alkal.in.e pE. It
means, silicate system is &Mnating aver ea:bonafe ayetem.

High alkaltne pil 9.2 16 shown by Masudpur abandoned mine-
water and mine Qodtment analysis has revealed presence of kaolinite,
it e 9eaatbie here that kaolinite might have trapped some cations
l1ke HCO3 , 80,~ , PO;™", CI etc. (Grim, 1947).

Stisea ( 5192)‘

The quantity of alu‘ea is fairly high in water, it varies
from 58 - 133 ppm,exceptions have been found at Sultanpur 10 ppm,
Farrukhanagar no silica and Xasudpur abandoned mine 11.5 PR,

"fhe high amount of sflica indicates water is eaturated with respect

to both quarts and amorphous silica (Kraiskopf, 1967).



In quarteites, silica varies from 100 - 132.5 ppa.
It was expected because Delhi quartszite at many places has
been thickly weathered slong joints and bedding planes. Inter-
cslations of argellacecus beds have also been noted (Palival
ot al, 1976). The high amount of stlica in alluvius may be due
to mixing of quarteite and alluvium water and dreakdown of feldspar
of the alluvium. At the contact of nlluuvu‘- end quarteite, high |
stlica content is noted at Delht Cantt (118 ppm) indicating
possidili ty of mixing of quartsite and alluviun water.

In sand dunes silica ie low because it is composed of loose
sands and dissolution of silica fs extremely slow process, therefore,
sand du&ea do not contain large amount of silica. The absence of
eilica at Farrukhanagar indicate poasibility of recent recharge of
sroundv water.  Therefors no dtssolution of silica is possidble. At
Masudpur abandoned mine silica is probably consumed im the formation
of kaolinite found in the mine sediment.

Bicarbonate (30’53)

Various possible sources of bicarbonate ions have been

investigated by different authors.

Atmospheric 002 reacts with water and form veak carbonic
acid, this carbonic acid on disintegration produces hydrogen and
bicarbonate {ons according to the reaction

B,0(1) +co(g) - H,C0,(1) (1)

* -
H,C04 = B+ HCOy {2)



30

vhen carbonic acid attacks limestone 4t forms on hydtSlyuis
bicarbonate {ons

¢aCo, + HCO = ¢a(HCO,) (%)

3(') - 3(1) _ 32(3)' ,

Caico,) =ca*’y 2 HCO, - (a).
The cathbnic acid also breaks down certain sinerals like aldbite
and releases various products inm solution (Garrels, 1965):
2&3&1 81308 + 28 003 +9 Ea = AlaSizﬁsdm + 4 34810 + 28: + aaco (5)

(Raol)
Avother reaction in which montmorilloni te has besn formed along

vith bicarbonate was invoctigaxcd_by Feth (quoted tn wadepohl, 1970)
s(m.;.e.) ALS1 ,0446C0, +1axzo = 3H8 coAly oo 1744 m(“*)z
(mont.)
++ * . PR
+2Ca” +28s +68‘8£0‘+6R003 | (6).
Berner (1971) has exporimontaily danenstratoé tho'production of
bicarbonate fons froe partiasl or complete decomposition of organse
waste
CeH,o0¢ + 60, - 60O, + 65,0  (7)
€O, + B0 - E + HCO, (8).

Subramani an {(1976) also explored poscibility from waste of petro-

chemi cal fndustry and coal industry under anaerobic conditions

28,0 + SO = 2HCO; + “23( ¢) (9)
of '

20320 + SO4 - 120q5 + HS + ?0& *+ 320 (10)



. 31

The high bicarbonate concentration was recorded in the Yamuna
water 244 ppm at Vasiradbad and 219 ppe at Okhla wvhile fn ground
water it is less than 90 ppm. Thres rock unﬂ:o show distinet
chai-dcter. lov bicarbonate {32-39 ppm) in sand dunes, medium con-

centration (44~56 Pﬁu) in quartzite and (37-87 ppm) in alluvium.

The bicarbonate concentration in Yamuna is much higher
than world's average ri.‘v‘ér water which {»s 56_.4 Ppm. (Livinfatone »
£1963). The probable reascns for these are firetly in its upper
‘reaeﬁon. 1t 48 flowing over the Krol limestone terrain (®ang ckan, 1978) .
Secondly large smocunt of oity and industrial affluents added into
1t during its course as area is highly populated. oxauﬁ[ﬁ'ms)
has weported in case of Chambal river at Kota b:} addttion of

atfluents of an industry bicarbonate concentration rise sharply

from 122 ppn" to 540 ppm.

High bicardbonate {n alluvium can be accounted by the fact
that 4t contains fo').d}'opar,‘ ¢aleite and clay minerals which yleld
bicarbonate on weathering according to reactions 3 - 6 and it is
also possible that trapped organic gatertal may also give bicarbonate
according to reactions 7 and 8. The bicarbonate ions may also fore
from weathering of Kankars ﬂh!chl is extensively found in alluvium.
In qgartnl te and sand dunes which are apparently do not contain
any calcerscus minerals in large quantity, get their Sicarbonate

by percolation of water or cn weathering of feldspar or calcereocus
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mineral reaction number 5 « 6 and also sixing of alluvium water

with their ground \"vat-or.. *

Shloride ()
The Delhi ground water is unpleasant in taste in many

aroaa.éuxn this 48 due %0 high amount of chloride fons present
in :lt.' Chloride ts° rcmnd- highest ¢in sand dunea where it -mmgo'u
: 'rrén 1075 to 2562 ppm 4in alluvium 31-282 ppm and 61-156 ppm in
- quarteite. 'On the basis of this, it can be said that chloride
c.onto'nt is far higher ia sand dunes than Quartufe or alluvius, \

» ;ll carbonate 'ﬁne ‘chloride content of Yamuna -'ﬂ.vqr is such
bigher than world average river water 7.8 ppr (Livingatone, 1963).
" While in Yamuna 1t 48 47 and 31 ppm at Wasirsbad end Okhla respective y.
Similar dafa were cbtained for Ganga river also at Varanasi by
Agarwval ot é_}, (1976). He répoieed average content is 33.2 + 7 ppm.
The high concentration can be explagned by the fact ﬁaryday large |
encunt of city and industrial affluents are added fnto fho river |
which must be causing this. The waste of paper, chenmical, textile

and soap industries are'inportant.

~

Sands of sand dunes region is ultimately derived from Rann of
Katch. In dry months wind blown sands come from there via Rajasthan
to Naryana. It is composed of guarts, feldspar, hornblonde, gypoum,

And
calcite/salt particles (Wadta, 1978). The chloride salt particles
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of sand on interaction with rain water diaaoho imnediately,

therefore, chloride 1ons in sand dune is much higher.

The high variation, 31-282 ppm, 4n alluvium prodadly
neemniod by the fact releasing of pore waters from alluvium,
sixing of Yacuna water, infiltration of water from agricmltural
f1eld when chlorine is used as insecticide and pesticide as well
as szall amount of chlorine is associated with phosphatic ferti-
liger. Fuhermo (1926) (in VWadepohl, 1970) foumd high chloride
in ground water of agricultural field and unnontantinated water from
non-agricultural area was having .7 to 7.7 ppm. Fuhermo (1926)
4n wedepohl, 1970) observation supporss high chloride content of

T rural aree wvater.

The chloride fones night also be derived from leaching shale,
alluvium which contain 234,7 ppm chloride (in Wsdepckl, 1970).

Quartecite containa 3%.3 ppr chloride (Wadepohl, 1970). High
chloride concentration at Masudpur 156 ppm, Bedarpur 125 ppm and
Mehrauli 266 ppm can be ax;:la&.md by the fact.a that these locali-
ties are surrounded with vast agricultural field and large amount
of fertilizer and insectiside and pesticide are appfied ovorj year
to them. Therefore, because of percolation of water from these

fields might be carrying chloride ions from fertilizer and other
choms“l'o
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Sulphate

Sulphate fons have various sources.xkke Sulphur is
found 4n number of primary minerals like pyrite, gypsum, galena,
chaleopyrite, aphelerite, anhydrite, barile and native sglphur.
It ulbc,ueud. sulpha'tg in water orf{ginated from sulphide of
the rocks (Davis and De Weist, 1966). The chief source of
sulphate in sedinentary rocke are gypaum. aphydri te and pyrite.

The breakdown of these minerals yield sulphate fons

 PeS, + 28,0 + 392 = 2,50, + Fof"' o (1)
CasS0, + Hy0 = CaD + S0, (12)
, . + == -

80, "+ 50, . (139).

The weak sulphuric acid formed from the above reaction also yield
sulphate when it attacks block shales which contain pyrite and
marcasi te (naaon, 1966). The sulphuric acid in ataosphers is derived
~t':mu dust particle of smiphur. oxidation of 002 _agd Bas. gas, burding
 of coal and oil.
~ Goal conteins.5 to 5 % sulphur (Frand s, 1960) in the form
of pyrite and marcasite. ¥t will give on burning 302 - which later

on convert into 825_0 aceording to reaction

4

280, + 62 280

A + 26,0 28,80 (14).

3 2774

The coal ash contains upto 20X pyrite vhich on dissolution gives
sulphate in water (Francis, 1960). Hesketh (1974) has reported, un-

polluted ‘
/[atmosphere contains .001 to .01 50, and polluted .02 -2 ppm.



This 802 of the atmosphere convert into Hasc}‘ according to
reaction number 14. Seinfeld (1975) suggested that H,S ges
formed by decay o organic matter, shich react with atmospheric
ogone gives 302 and water .and ultimately sulphuric acid.

H,S + 03 = Hy0+ 802 ' (15).
The river water and ratn mter contain an average 11.2 and 2 pp:

of eulphntc (Vadepobl, ts'ro).

Sulphate concentration 4n ground water is extremely variable
in quartsite 75 - 750 ppm alluvius 200 - 831 ppm and sand dones

665 - 2531 ppm.

average
The/sulphate ton of world river water 1s 11.2 ppm vhile in

Yamunag 4¢ 48 56 ppe at Wasirsbad and 48 ppm at Okhila $ndicating
discharge of industrial waste into river. It could be also because
of animal and man sewage. Sulphurie acid 18 aleo used in large
quantity by almost all ohemicé_l based industriea and their solid
and 1iquid vaste contain large amount of soluble sulphate (Sinha
2t al, 1978). Olaniga et sl (1976) have measured sulphate ions

of Chubil» river before it enters {nto Kota, 15 having 11.0 ppm and _

when it leaves Kota aroﬁnd 115 ppm.

The other low values of sulphate are found at Fasudpur
TS5 ppm only. The prodadle reason for this area is totally barren
from agricultural and induntrial points of view.
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Ia sand dunes at Farrukhanagar and Sultanpur, sulphate
contents are 2531 and_ 2313 ppm ‘reapoctivoli. Here 1t can be
expected that gypsum and anhydrite of sands are reliuiug the
sulphate ions into water on weathering. In other cases, variation
ranges from 200750 ppm in all roek types. It can be explained by
the fact that alluvium may contain some sulphate minerals, which
on breakdomn rolo:ueA sulphate fon in water, the area is highly |
industrial and intensive modern egriculture is being done here so
their waste when leached by surface water and on pci-eolati on
surface water carried sulphate fons downward. Alluvium also
laontasu sope organic material which on decay yields sulphate fon
1n water. Noreover, in this area thers are two cosl based thermal
power hcun at Indraprastha and Badarpur. Their gaseous waste
bound to contain S0, and adx contains pyrite which according to
reaction 11 will yield sulphuric acid. However, there is strong
possibility of mixing of ground water from difreuat rock type parts_
cularly in quarteite because the water i{s deep in comparison to
water level found in alluviun as ground water moves from higher

water level to lower level area.

Bhosphate (PO, ™)

. The contributioms of phosphate in ground water are phosphatic
minerals of rocks, oedtmdntary phosphate beds, decay of organic
material like coal, petroleum, plants, bones, fertilizers and waste

vaters (Davis & De Weist, 196, Wpdepohl, 1370).
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.001 -« .1 ppm phosphorous is reported from coal (Prancis,
1960) .

Phogphate 18 minor constftuent of ,grauad’nter but 4in
Delht gimd vater {¢n eoneantraﬁon is very high. It ranges
from 4-17 ppm. The probable reason for high detection of phosphate
18 silica interferes in phosphate analysis (Golterman, 1971), and
silica was not removed from water before analysis of phosphate.
‘It is efpoctod'phosphate.nieht have come from fertiliesr or
percolation of industriel waste water and decay of plant and animal

waste.

Sodium and Potassium

These two fons show eiwilar chemical px;opertioua The
primary sources of sodium in water are weathering of plagioclase,
pyroxene, hornblonde, cv_apaﬂto'unerah‘. Rain nter'c;mtatm
2 ppm Na, vinﬁuatna; and domestic discharge are other important
sources. Uommon dources of potassium are product formed by weather-
ing of orthoclase, microciine, biotite, leucite and other potassium
bearing minerals and rocks like granite, syenite, arkose, mica
schist etc. Bestdes thess potash fertiliser i{s another scurce of
potassium. Rain water contains .1 ppm potassiue.(Davie & De Weist,
1966).

Fournfer (1973 ) fnveatigated the following reactions at
higher temperature. ‘ |

3/2 K-fold + H* o Y2 Remica + X' % 3 quarts.. (16)

3 Albite + 28%+ K* o EK-ntca + 3Na + 6 Quarte.(16d).



Reactions 5 and 6 are also releasing sodiur in water,

' fn sand }dunu highest amount of sodium has been noted.
Thé two samples of Rarrukhanagar yield the value 805 and 900 ppm

| vhile at Sultanpur 1620 ppm sodium fons. ﬁii“&:‘lfnrence u:

be oiplatuod by the fact ?armthanagni is a reniddntial area from

there eontianoua discharge of water for ditfcront purposu han

been oburved while Sultanpux' 18 barren area from whore no water
diachnr;o is ob_urvod for any purpou; therefore, v "= thon 1-
oal.i inﬁako of dons &n nﬁr while at Farrukhanagar because of |
discharge concentration of sodium is not pbuiblo. The source for
Na tons here seems holite grains of sands and weathering of '

plagioclase to minor extent.

The Yamuna rﬁer at Warzirabad and Okhla showing 48 and
75 pPm sodium this is ggain highor;{\'::ﬂd' 8 average river water
tissue vhich is 6.3 ppm. | The possible reasons ars additional
industrial and domestic affluents or weathering of river bed.
The range of sodius in different rock type varies between 113 -
412 ppm. It &is higher fn alluvium and lower in quartgite. Higher
value in alluvium is apparant from the fact 1t containeg clay and
feldspar which on weathering yield sodius ions. One extremely
high value of sodium is found in Shahdara, vhere 1t is 750 p}m.
It may be possidle here thqt trapped pore water might contributing
to high value of sodium, beéa_un 1t is made up Younger Alluvium
which 18 not yet fully compacted and this area is not fully developed
so large scale percolation of domestic and local waste is also

possibdle.
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One low value of 83 ppm was recorded {m case o« Jawahar.
1al Nehru University quartsite. This area s situated at higher
elevation se mixiag of other groumd water is net possidble and

I

secondly 1t is free frem tndustrial and agricultural aétivity.

High ameunt of potué&nn is recorded in sané dunes
betweon 138 - 247 ppm while intersediate in quartsite 125 - 375 ppm

- except 42 ppm at JNU and 54 « 167 pPps ia alluvium.

The high amount of potassium in sand dunes and quartsite
vhea they do not centain any petassius minerals, say be because
they are iaold.ng clay ninerals which are found fn zene of saturation.
Clay minerals re/adily captui'o anfon from water and since nc clay u‘
found 4{n them therefere, potassium content 18 bound to_‘bo' higher in
them, however, reverse is the case of alluvium it 4s doninently
nade up of clay whtch can easily adbsord potassium fons of w‘étﬁr
bence reducing potassium content of water (Grim, 1947). The other
reason is upplianu on ef potassic fertilizer in agricultural field

\

vhich will yield large number of potassium ions to water on leaching.

Calcius and Magnesium (ce"'f and u”)

Calcium and magnesium, like sgdiun ﬁnd potassinm, show
similar chemical proporﬁu. They are found in Qutto abundance,
5.17% Ca0 and 3.76% MgO Wy wt. found {n the earth crust.(Mason, 1986).
There m.vmma sinerals of these ions 1like calcite, magneette,

dolomite, amhydrite, gypsum, feldspar, pyrosenes, amphiboles etc.
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Cuioiun {8 an essential constituent of bones (Wadepohl, 1970,
Davis and De Weist, 1970).

Equation numbers 4, 6, 12 and 15 are responsible for
calciui fons in vater. c.al—é!.u- is also supplied by fertiiicers,
it 48 used for removal of alkalinity of soil. In rain water conking
calcium and magnestiue .1 to 10 and .1 or more fipm respectively

Wedeponl, 1970)

- The ranunu water &» acai.n ahoving high ano\mt of calcium
at Vazirabad 56 and at Omla 26 ppu vhen compared vith world's
average figure 15.1 ppm. It is because in {ts npper reaches it
flows over limestone and wu&cung of river bed 1# ail.uviun area

might be aiso adding calciur fons 4n Yasuna river water,

. It 48 higher in sand dunes, but there is Qlu consideradble
variation from 244 and 664.at Parrukhanagar and 718 ppm at Sultan-
pur. The high amount of calcium is derived from weathering of
gypsum, feldspar and anhydrite minerals. The variation in two
samples of Farrukhanagar 4s probably boc_aueo of application of
calcium in agricultural field where it might havve gone down slong
vith percolated water wiile other sampling spot is situated in
residential area of village.

The two other high values of calcium have come from Mehrauli
330 ppm in quarteite and 257 ppm at Shahdara 4in Alluvium. At
Nehraull 4t say be because of application of caleium in agricultural
f1eld and at Shahdara may be due to breaskdown of feldspar or
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calcereous ginerales or nearby aby undetected source which is
giving high content to surface water which ie immedintely perco-

lating downward.

The rest value of calcium 18 ranging from 55 - 103 ppa
both in quartsite and alluvium. Alluvium s cm;;cétuud by
cazeoreoﬁu nodules which are dominently made up of ‘ealcerecus matter.
~ The Aodulu are forped ny eaﬁnary vater gust beneath the surface.

~In quartsite calcium fons appear to have come from alluvium.

Magnesium shows clear trend with respect to rock type.
It varies from 100 - 514 ppm in sand dune, 20 - 145 ppm in alluvium
and 16 -~ 35 ppm in quarteite. | |

The high concentration of magnesium in sand dune probadly
is owing te dissolution of salts of magnesium which nigﬁt have come
along with sand and smell quantity of hormblonde may give nagnesium
added with high evaporation rate so eoncentrauonz of magnestium

sutomatically increases.

Highly saline water of Farrukhanagar and Sultanpur areas

The western part of the area is characterised vby ausbrons
patches of sand dunes of small Rght and sandy t‘).'at area. Sand
appears to have come from aa.-'ia;uthan'(sutg 1964). In sand dune ares
water is highly saline, at one time even salt industry was flourishing
here. The reasons for hiéhly saline water are low rain fall, high
tenperature, high evaporation and salt particle in sand which are

readily soluble when come in contact with water. The secondary
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Teasons are sproidic ﬁatubntien of vegetation, high porasity )
of sand and negligible discharge of water. Sett (1964) speculated
‘ntor of this area is as salty as sea water andi he presented four
chemical analysis of water from different localities, thepr px*enht
analysis 18 contradicting with anslysie of Sett (1964). On
inquiry it was found that highly saline water is available only
when wells are dewatered at least 3 or 4 times after doing this
real sauge water comes into wells. It may be becsuse of high rate
of evaporation leading to precipitation of salts frome n_ter thuas
reducing salinity of water and mixing of fresh rain water with well
vater as salinity of rain ﬁter is extremely low thus salinity of

well rttér is bound to reduce.

The soil of this ares is alao saline as apparent from wvhite
patches seen on the surface when temporary water logged irea dries
up Guring dry months of the year. These white patches shine during
day time their thickness is variable but always less 5 millimeter.
This white substance is soludble in water. The salinity of soil is
also evident from the fact certain crops cannot be grown here, like

svheat, sugarcane etc.
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MINERAL-WATER EQUILYBRIUM STU DY

The use of phase éugm was firest vdone in the study
of erystalltzation behaviour of magma, later on phase diagrams
were used in other branches of geology bdbut their application in
hydrogeocheni stry /u hardly two decades old. The various uses
of these dimgrams are listed by different workers (Kramer, 1967
and Jacks, 1973). They can be used in relating the actual
condition to equilibrium model, sesondly, lack of fit of equili-
briue model.prediction auggeéto fnrther investigations of data.
Thirdly, organigation of system for generalization and simplifi-
cation of emperical water chemistry data (Kramer, 1967). On the
applied side these diagrams can be used uuec.casfnuy for prediction
of which ¢lay nineral un vbe formed in existing condition through
rock=water reaction, these tlay minerals have truendtm {mportance
in stadility of enginesring structure 1ike danm, tnniul, highway
otc. because sopeclay ainerals have got property of awen;‘ng vhen
they c?u in contact with water and tht:s propirti varies aaong
different dlay minerals (Grim, 1947, Jecks, 1973a).

moorottcauy. dtagrams are constructed by nung free tnnrgy'
and tlun balanoec the appropriate rcaction.pn frse enermy of
rineralse. In nost of the cases theoretical prodicttan was Buccess-
funy confirmed by Xe-ray diffuctegraph of suspeded sedinent
( subramanian, 1976), but {n some case experimental findings do not
support theoretical prediction, this u'attubuteﬂ to the facts
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that chemical kimetics is ignored here (Berner, 1971).
Berner cites an example that in sea water uhori calcite is
foand to be in saturation while theoretical prediotion is
suggeating dolomite would form when carbonite oyate_: is

- congidered.

The oarbonate and glu cate oystem are two major systems
because nost minerals faormed by raéeﬁon between rock and water
under normal condition belong to either of these two forilies,
various phase diagrace have been constructed hy using different
paraseters. 1Im this work an attempt is made to study tiu above
systen as this work was confined to inveatigation of major
tons only.

Carbonate Systea (Ca0-%g0-00,~8,0)

This system is restricted to important minerals of calcium
and magnesium carbomate. Here the phase bourndary between different
sinerals are derived from thermodynasic properties of the mimerals

. on the agsumption that squilibritm ie developed in the carbonate
nive rals which are related with this systex are cﬁuto. dolomite,.
bruci te, -acnuita.' aragonite, hydromagnesite. 'ﬁui reactions
between two mineral phases oxpected at equilibrium ars (Garrels
and Christ, 1965) dolomite and ocalcite

CaC0y + MgCOy + ca™* = 2 Cacoy + 't (19)



c#ietfciaﬁ dol.oﬁt‘ | e
 2cac0, +Mg** = camg(co), + ca** (9
Dolomi te and Nagnesite | -
Cang(C0,), + Me™* = 2mg00, + ca** C(19)
Magnesite and Hydromsgnesite l, } | | |
AMgoy + 4,0 = Mey(cop)(om),.3m0u0,  (20)
Calcite and Bmcﬁo- L , S o o
Cac0, + ng"%-_aaza =. ngbor), + ca** 4 co, . (21)
‘Dolomite and Brusite |
" cong(co,), + Mg**e2m,0 = 2MgomD,e2c0,00a*t  (22)

Dolomite and Hydromagnesite

2came(C0,) +2mg o4 0 = Mg, (CO,) 4 0H),, 58,0

+ ca** 4 co, (23)

" Hydromagnesite and Brucite . . _

ang(co,) (0m),038,0 =  dmg(0m), + 0, = (24)
it 18 clear from the above reactions that c.“. ng” and partial
preasure of coz are playing dmixunt rede in carx?ying-wt the
reaction, in fact these resctions are function of c-ca.”/ang“
ana hi02, The equilibrium constant (X) for these reactions can
be calculated dy using the principle desorided below.

8A + DB = oC + 4 ‘(253
£ = (&) ()t
R - e
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vhere A and B are reactant and C and D are products foraed |
by the reaotién of A'and Bj 8, b, ¢ nud._ 4 are the nunbers of
moleculesparticipated in the reaction, K is aquznhrmi. -
Suppose this principle is applied in case of reaction mumber (17,)
between calcite and dolomite i Ii
k, = Lo W (c0g)y) [eaf” (2
[oecog)® el

Meking assumption that for pure subatance .the activity is untty,

at their standard state (Garrels and Christ, 1965), the K, reduces
to '

cu”

1 " gﬂ ‘

Here K, is independent of Pcoz. Calcite and dolomite are assumed
as pure mineral species. |

The exact value of 'K‘ $8 calculated by using Gibb's free

energy of reaction as follows:

Ar; = Free energy of productants - Free energy of
reactanis (29)

For resction (1)
= (=520.5) + (~132.18) - 2(-269.78) + (~108.99)
LD\r, = -4.13 KCal.
l‘ value is calculated dy ehc equation
[\F, =7 ink |
on simplification - - (30)
= -1,364 log K.



47

Putting the calculated value of —P‘, 4n the above @ation,
the value of log R‘ comes out to be for tﬁe above -é;éetion.

~4.13 = -1.364 log K,
or log === = K, = 3,027 - (31)

Mg
This value Wepresents the chemical boundary betwsen caleite and
dolomite and can be represented as & line parallel to ,C0, axis
at a. di¢stance of 3.027.

In this way the value of equilibrium comstant (82) i3 cale
culated for reaction between dolomite and msgnesite (reaction ¥o0.19)
which $s also a tﬁmtion of Ca*’ ama me*’

...'.’.'.‘:.. = 10g K, = 3.6 | (32)

u*#

The reaction between i:agnentte and hydromagnesite and bydromagnesite

log

and Brucite are function at partia:. pressure of 002 only. %The

equilidbrium constant for reaction 20 becomes
[‘ug(cos)s( om), 38,0 ] + [ 5C0,]

7 (33)
[mecog 3%+ [m,0) 4

Again assumption 4{s made, as previous, hct-:lvttj of pure solid and
liquid is unity. The above equation reduces to

13 - gcoz , : (34)

The free enexgy of above reaction is calculated as
Ar; = (=108.3) +(=92.31)~4(~246)+4(~56.69) = 10.16 KCal
F 1] A °?r e ~1:364 log K.
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The value of l’ comen to
P 3 E -
logp ) = logx3~ T 44.
This value repnnntr & boundary line between hydromagnesite
and magnesite at a distance 7.44 parallel to ca*t / Hg"

-

axin,.

For other reactions equilibrium constants (K) are calcu~

hted in the above manner and valuea are plot«d nsainat the

+* / ug™  axts.

vﬁther Pcoz ar' Ca

The method of caloulation of partial pressure of carbon
dioxide (ﬁco ) s alrudy discussed u_\ Chapter III.

e Value erf’eoz. 10g Ca't, 1og Mg* and log :0a™*/ang™
i8 given 'fablo 'I.,

These values of activities are piottcd in the standard
diagram. 'The original boundary of Carpenter's diagram (carrels
aiﬂ Christ, 1965) of carbonate system was modified by Dalavi (1978)
as Carpenter's diagram was dased on wrong calculations. 'mu |
dtagren 1s shown 1n Fig. 2. From dfagram Fo. 1, 1t can be pre-
dicted that dolomite is the only phase to be expected in the state
of saturation, 1t means when minerals precipitation would start
in ground water, the dolomite wonid precipitate as mineral in éuo

of ealcito and dolomite system ts considered.

But 4f the aystem amoni.tc and huntite is considered,
WS T o) Ywe
it?ﬂ;\-ty points fall {n arogonite region while the 6 analyses fall

in huntite region. ' Out of these 6 analyses, 4 belong to alluvium
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and 2 exposed water bodies while all quartczites sand dunes

and partial alluvium and #xposed water bodies fall in aragonite

ttgio_a. )

T™is predfction can be ' confirmed £ suspended (mtt’or is
available in ground water by doing X-ray analysis. It can de
found out which mineral is precent in suspended matter. The.
other confirpation for this pradietiba 1s that soll is containing
vea_lcuraoni nodules known a‘av’xa'nkarb'. this nodules ¢an de formed
only when capillary water is im state -dt'supu', saturation. fThe
exact aineralogy of Kankar is not {nvestigated hence {¢ 18 very
&ﬁﬂ.eult to say that Eankar i{s made up of which minerals. The
X-ray analysis was aleo not carried out because ground water was
lécuh'g the suspended matter. '

The carbonate system was investigated by other workers
also (Berner, 19713 Dalevi, 1978; Jayareman, 1977). The dolomite
presents aifficulty because it 18 not the primary mineral, it is
formed by mbiﬁhxtioa. Dalavy (1978) Based on carbonafe systen
reported the presence of dolomite in the state of saturation in the
Yamuna river. Jayarassn (1977) also reported the presence nf'
dolomite in the Ganga river in the #tate of saturation theredby he
confirmed the actual finding of Handa (1972). |
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SILICAEB‘S!STBR

Silicate systea ¢8 ‘oxz.:xorod ozt;nstvely by different
suthors {(Dalavi (1978), Garrels and Christ (1965), Harris and
Adams (1966), Jacks (197%b), Jayaraman (1977), Subramanian (1974),
Subramanian et al (1976,77) and Kramer (1967). This system
enbraces large number of minerals both prisary and neaond@ry.
All rocks are dominantly made up of minerals of silicate family
except limestone, dolomf{te and carbonatites. Thie aystem has
been iavnﬁgatoa in au. environments like ocean, eatuary, delts,
river, ground water and hkec. Subramanian ot al (1976) using
- principle of Helgesmon and Mackenzie (1970) plotted the data of
water chemistry of St. Lawrence estuary on silicate phase diagrm
suggested Mg-Chlorite, solid at solution of illite - montmorillonite,
microcline, quarts and klonnito can be expected fn the sediment.
Kramer (1967), Garrels (1967), Garrels and Christ (1965), Garrels
and Mackensie (1967) and Mackenzie and Garrels (1967) have used

 these diagrams for different environments using different parameters.

In case Of India stability disgrams had been used by Dalavi
(1978), Jayaraman (1977), Jacks (19?'5!5)- and Subramanian and Dalavi
(1977). Dalavi (1978) and Jayaraman (1977) used these diagrams
in case Yamuna and Canga river study and they predicted different
" minerals are likely to be present in the sedirment. Dalarvi has also
done experimental verification of his thaorotiealf finding while
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Jayarasan supported thé actual finding of Handa (1972).

Jacks (1973,b) predicted the presence of different minerals

in the ground water of Cofmbatore District of Tamil Nadu. Then
he made study by dividing silicate system into 4 sudb~syatems.

Considering the large number of minerals found in silicate
systen £t 15 waxy impossible to represent all the minerals by
. taking two parameters. Therefore, this system was divided into

3 sub-systeas.

1) xzo_ - Asz)s - 80, - B0 Systen
3) Ng0 - A0, = 510, - HO0 LI

1) xzo - ;1203 - 8§10, - B,0 sntn

The minerals ﬁiich are making t'luqx -systu are K~feldspar,
K-nca. gibbatite and kaol.imte. The o:ﬁccgod rue'tion_g in this
ayatu are | |

‘K-feldspar = K-mica
3KALSE 0 +2n‘“+1znzo = KALS10

+ . )
3% 551y ‘o(on)2+6a‘3104¢2x (35)
K-mioca and gibbsite

21513313 w(ox)zq.zn +18H,0 = 341,0, snzmzx 4»63481:04 (36)
K-feldspar and kaolinite _
L ] . L J .
2KAlst 3oa+zn +9E,0 = n‘uzssaegsm ¢4n4szo4 {31)
Kaolinite and Cibbette
45125120945320 = AL os.mzmzn 810, -, (38).
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Expecting the equilibrium between above set of reaction
and water the equilibrium constant for each reaction can de
doternined as done in cardonate system. For example the equi-

1ibrium tomstant (K) for K-feldspar and K-mica { 25 )

Ry = [XJ [R,810)"° | (39)

5w | -
The chemical boundary for this reaction will be provided by the
following equation

l1og R, = 4.9 = ug{&i- +3 log [ R '8104] o (40)
| 4 et 4
For K-pica and 31?:1»:1 te L-%; ' _ _
K, = LK) (831097 - N (41)
IR
R
o RS
19‘_‘5 = «7.6 = 1log s * 3 log [B,510) (42)

In the same manner .oguinbriuu eonﬁtants for oﬁxer reactions
are caleulatod. The aotiﬂtﬁ«-aetiﬁty plot of this oystem 18
shown in Flg. 3 using the variables k" / (E]  am log H,510,.
The data from Table IIY ara.plotteq in the diagram No. 3.

¥idely -cgttorod ;mintc cttr_aet attention hnodiately.
They are distributed in E~feldspar kaolinite and gibbsite. This
indicates K-ffolé‘spui kaoilni te and gibbsagtte “11 precipi tate 4n

state of super saturation.

On the close scredtiny of diagram, it is revealed that all
samples of al.iuvtum fall in gibbesite region except of Shahdara and
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Delhi Cantt., which fall in keolintte and feldspar area.
The analysie of quartsites fall in keolinite and K-feldspar
region it was expected because gibtbaite (s pure hydrana allumintium
oxide nincral and quartd.tc is lacking 4n alu::.n. z'heém
sanple falle ia K-feldspar region while others in kaolinite
region. . In case of sand anno one mplo falls in kaoling te of
| &ﬂtanmzr and other 13 gs.bbattc roes.an Just near the boundary of
gibbsi te and kaoliui te. 'B:e sanples of Yamuna water fallgQin
kaolinite field. This cbservation is in conforaity with Dalavi
(1978) who has also studied Yamuna water and reported kaolintte
‘both by phase diagrams and x-ray analysis of suspended matter.
this observation is also matching with conclusion of Garrels and
Mackenszie (1967) that river water sample viil fall in kaolinite
region, in case of Gange _m!;vér. Jayeraman (1977) has also drawmn
sinilar oonelﬁsion. '

2) Fay0 - A1,0, - 510, = H,0 System

The representative minerals of this system are aldite,
nontmorilloni te, kaolintte and quartz. The reaction among these

minerale are ap follows {Garrels and Christ, 1967).

Albi te and ¥ontmorillonite
‘ + . : .
jsu; S1305+63 +206,0 = - gHa* +1on¢sw4+§nao 33312.33813.670,0( om),
Bontemorillonite and kaolini te '
6Ray 53Als 55515 670,0( 0B),+230H,0 =
TA2,81,0,(0R) ,+68" +anass 0, +6Ha" (44)

(43)
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The other possible reacticn in this case ts between kaolinite

| | disgam
and queartsz. The equilibrium/used here 18’ developed by Jacks
(1973) based on the above Nreacti.ons (Fig. 4). The anélyais of
Big. 4 tndicatea present work falls in montmorillonite,
kaolini te and quartg region. 5 alluvium analyses fall i{n quarts
region. One each in kaolintte and montmorillonite. The samples
of quartzite fall in montmorillonite andkm kaolinite region \_m.le
~ the ssmples of exposed water bodies are ecntterodzznb the 3
regions. No sample 18 falling in albite region.
3) 3 - ﬁgO - A1203 - 310'2 - n‘zor Systu

The main u_i.nerala involved in this systen are kaolinite

and chlorite according to reaction 45

2Kaolinite + 6 pagnesiun = ¥g-Chlorite ¢ 2 ailuminium

28,a1,51,0, + 6 ¥g"* = mg (OH),51,0, ¢201%%" (45)

(1973n)
Using two parameters pH-y2 Ea!g and Pswz JacksLhas drawn the

phase diagram for magnesium silicate system. On the same repro-
_ duced diagram (Pig. 5) the different values of above parameters
(f8b1e TIT) have been plotted. It is found that all points are
concentrating in ¥g-Chlorite region. The obsenatien indicates
Eg-chlorite is likely to form in the state of saturation., The
Badarpur amlysis is only falling on the line of kaolint te' and
Fg~chlori te.
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'/{x-ray' study of sample

pae

As mentioned, ground water is free from sﬁspendcd
matter. So x-ray analysis of the samples cculd not be done bﬁt
in case ir Masudpur abandoned mine, large amount of mine sedi-
ment as weathering product was avetlable and it was assumed that
entire product has come from pegeatite. This was of clay partids
sige. This mine sediment on x-ray analysis confirmed the presence
of k#bl&nito as predicted by the silicate phanse diagram. Two
peaks were obtained at 3.36%°A and 7.180A shich are indicating
presence of pure kaolinite and small amount of quarts 4{n sediment.
The xfréy diffractograph pattern i shown in Pig. 6. The presence

of gquarts was predicted by sodium silicate system.

Dalavi (1978) hae also done x-ray étnay of Yamuna sediment

and he found £118te along with kaolinite and quarts.

Soil mineralogy has been determined by various authors by
x-ray. Ray vchmdhury. 1952 (in Paliwal et al, 1976) investigated
first asoil uiner%logy of this region. He found chlorite, 1114 te
and kaolinite, later on Das, 1958 (in Paliwal, 1978) reported keolinite
and $11ite. Dhar (1968) (4n Paliwal et al, 1976) indicated the
possibility of montmorillonite, 11lite and kaolinite and high car-

bonate content in soil.

These s0il mineralogy data are exaétly matching with theore-
tical prediction of author of kaolinite, chlorite snd K-feldapar.

Therefore, there is good agreement in the theoretical ¥inding and
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experimental analysis of soil mineralogy, mine sediment and |

Yasuna water.

Since {1lite was not the component of phase diagran,
therefore, 1t was not predicted. The carbonate system does
not require any verification beoauée presence of carbonate
pinerals is chown by *Kankars' found in the alluvium., Mineralogy
af Kankars 18 so far not {nvestigated. Therefore, 1t cannot be
sa1d conclusively that Kankars are made up of dolomite, arago-

nite or huntite or not.
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[ CONCLY STON

The 'px-esent work oarried out on Delhi ground water has
shown contradistion in 'ropm"iod value of cheni.c_al analysis given
by dﬂfcﬁnf workers (Sett, 19642,b; Biswas st Q._. ‘1'969). The
analyti ealrd'otemned ‘data have shown less concentration of ions
in monsoon sample and high concentration in summer. Stliea 19
Aluays found to be saturated in ground water both in quarts eand
aporphous stlica. This silica has been released froe chemical
and physical uatheﬁné of area. Physical weathering s more
significant in 'mlténpurj- !‘aﬁukhémgar areas while chemical 4n

rest of the areas.

The water quality is found to be'big’hly va‘rnhio frow
rock to rock and ovén in the same rocks from one place to another
place.this indicates large soale mixing of ground water of two
acquifer. The higheat salinity is shown dy &altanpur-?atmkhmgar
samples but comparatively less dy alluvium and quartzite. Consi -
derable fmpact on ground water quality 15 made by fertilt zers, -

f4ndustrial and domestic waste.

Yery good control of 1lithology was observed in the case &
following fone: stlica (saxtwum in quartsite and minimum in sand
dunes), bicarbonates (maxfmum in anuvi\in and minirum 4n sand dunes).
Here 1t is expected large scale transfer of dicarbonate fons from

alluvium to quarteite, sulphate is maximum in sand dunes and
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sinimue in quarteite. Same is observed in case of chloride.

The higher concentration of particular ion in a particular rock-
type 48 due té the fact that rock was ‘ri.ch in that {on and |
wminisum cenccnération in pat‘tieﬁlar réck-type indicates impoverish~

. ment of that mineral shich releaqeé that fon 1n the rock.

‘A loose control of lithology was observed in ceose of
potassium, chloride and calcium detween alluvium and quartel te.
Their concentration is such thet no definite conclusion cen be

dravn about thetr relationship with the rock-type.

Fhosphate has not shown any control because 1t 18 not
primary constituent of any rock met in the area. MNoreover, in
phosphate analysis silica interference is also suspentsd. 1Its
presence in ground water can be attﬁ.bute& to percolation of surface

vater from agriculturael field when phosphate is used as fertilfzer.

Garbonate system has shown presence of dolomite in thcv
state of saturation wher calefte-dolomi te systen is considered and
aragonite and huntite, when aragoni te-huntite systen {s considered.

minerals
The presence of carbonate/is evident from widespread distribution
of mkmaxeix Kenkar in alluvium (Sett, 1964) which was formed in

" the state of saturation by capillary action of water.

The predictions of different gilicate phase diagrams have
been succeasfully corrslasted with x-ray analysis of mine-sediment,
Yapuns sediment (Dalavi, 1978) and soil mineralogy (Paliwal et al,1976),



99

Phase diagrams have shown pr&nonoo of kaolini te, quarts,

gibbsi te, nont-bruionite and chlorite. Paliwal (1976) has
reported that keolini te, 'quartn.‘ 1111te and chlorite. Since
1111 te phase was not cmeidered in phase diagrams, therefore,

it 13 yet to be verified by theoretical study. But 4n the light
of other ﬁredicﬁ.onn 4t can bds speculated that 4t would . also de
present in the phase dfagrams. ' '

Yamuna river has shevn marked departure from world's
average data of Iai'unsl“iens {wadepohl, 1970). It can be assured
here that aintso, 1t s pbasing through readily soludble rocks
limestone and alluvium before it enters into Delhi, therefore, it
contain high diesolved load and then the entire area is hiéhly
populated vhich 1s producing high domestic and industrial affluents
dumped into water which is another major factor for haéh diassolved
load. In fact load carried by Indfan rivers are such higher than
the other rivers of the world (Subramanien et gl., 1977).
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