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SYNOPSIS

A mathematical model using the relationship of rate of transfer of salt from
immobile water to mobile water with the concentration difference between the two
regions is developed to predict the salt concentration with time applying infiltration of
water. Using Green and Ampt equation an expression is derived showing relationship
between time and depth of saturation front in the root zone. This relationship is
utilized in the mathematical model.

A certain depth of water is applied on the surface of soil assuming it to be
at field capacity and simulation is made. The result shows that after onset of
infiltration the concentration in the mobile water is increasing and that in immobile
water is decreasing. When left for ten days to take exchange, both are coﬁverging toa
middle value of the initial concentration. Again applying the same depth of water,
concentration in both regions are decreasing. Finally we get the concentration well
within the permissible limit.

This model is believed to be more efficient for prediction of the variation
in salt cincentration with time from the onset of infiltration.

iv
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Salts are’ thé bane of both irri gated agnculture and of cmhzauon that are

‘baséd on lrngated agncu]ture partlcularly it ungatton “water and sonl dramage are

§ "1mproperly managed Durmg the course of human lnstory, thnvmg cmhzattons

whose exrstance was based ‘on lrngated agrleulture have declmed or dlsappeared n
e part due to poor tmgatton watet management practtees For example ‘the Harappa

civilization in the Indus Plain région of“Indta and Palnstan, the mhabltants of the
lower V1ru Valley in Pem, and the Hohokam lndJans m the Salt Rlver reglon of

s where in the recorded hlstory of man the mﬂuence of* poor water management is
. more graplneally lllustrated than i m the desert 1 reglon of the Mlddle East occupled by

) present day fraq. Thé latd between the Tlgns and Euphrates Rivers in southern Traq,

- known as theé "cradlé of ervihzatton" anctent Mesopotama ( "the Tanid between the

’ rtvers" ) or Sumer i anctent tlmes is now desolate and barren, conststmg of salt-

3ol

- encrusted soils. A’t one fimé (begmnmg over 6000 yenrs ago) this 1 regron a desert then

as it’is now ‘consisted of lush and productlve ﬁelds of ceréal grams pa]m groves and

’ forage for hvestock The Sumenans colomzed and transformed the desert by dlvertmg

h water from the Euphrates River through a senes of canals. They mn‘oduced lrrlgated
' agnculture to the reglon. The nngetlon pracnces that were begun by the Sumenans

' contmued under subsequent dynastres stich as the Akkadlans and thie Assynans

!.vt-J

“The center of c1vihzat10n and power in Mesopotamla gradually shtfted
northwards as dynasnes changed I—Irlle] ( 1992) pomts ‘out that the dechne of
crvrhzanon m Sumer and the northward mlgratlon of c1v1hzat10n, eonld be related to
the decline of agnculture m_the regton ’ Thé salinization a_nd stenhzanon of the sorl in

: southem MeSOpotamla resulted ﬁ'om a lack of adequate dramage and the mtroductron

of salts in lrngated waters. The Euphrates was a slat-laden river dunng anciént times.

" As the nver neared tts lower reaches the sednnent settled onto the nverbed and

banks elrvatmg the riverbed to the surronmdmg plams ‘As a result, water table levels

~er

in thé regron rose. Imgatlon further contn‘buted to thé elevated ievel of the water
table. It is éstiniated that the Euphrates 10365’ approxnnately ‘half its volutne through



evaporation (which concentrates:'salts): and seepage between its source and the
Mesopotamia plain, ’I‘hu_sf thjehirr_iga,tion waters contained dissolved salts, which added
to the salts released from the soil solids by rnineral— weathering. Although irrigation
would move salts into the groundwater, the salts remamed in close proxmnty to the
_ hsurface as the ‘water table was near the sod surface and the groundwater did not have
‘_ adequate natural ﬂow out of the regron. Further when the ‘water table became
shallow capdlary nse moved salts up to the sml surface Because dramage was
. madequate and salts _were added w1th conhnued lmgatton, they accumulated at the

‘_:_'surface soﬂ and m the groundwater '\lthth tnne t]ns process degraded the soﬂ and
. destroyed the reglon s ungatton-hased agnculture

gl

Poan

Excess salts in surface sotls is a condmon common 1n and and semtand

_IJ-.

.....

unpact that excess, salt have on soil's physrcal and chemrcal characterrsttcs depends on
the type of salt present m sml or u'ngatlon water Excesswe concentranon of Na
- (sodlclty) can promote hlgh soxl pH slakmg of aggregates and swelhng and
‘dlspersron of soxl clays These physxcal condltrons degrade sorl structure and nnpede
h water and root penetratlon Current data mdlcate that poor. n'ngatlon practtces result in
.} the loss of an estlmated 10 mtlhon hectares of arable land every yearasa result of soil
'_ isahmzatlon or sodtﬁcatton Iti is esttmated that apprommately 7x 109 ha of the Earth s
;land surface is arahle B w1th l 5 X 109 ha culttvated (Massoud 1981) Szabo]cs

NS

i ’"'(1989) estimates that 351.2 x 106 ha of the Earth's cultivated land surface is saline and

581 O X 10 ha is sod:c Thus 5% of arable land and 23% of the word's cu]ttvated

| lands are salme 8% of arable and 39% of cultlvated are SOdlC. .

. o As far as lndta is concerned hsodtc land is the basnc problem faced by a
_ Alarge number of small & margmal farmers throughout the country Stattstlcs reveal

hthat U. P alonehas 168417 hectare of sodlc land out of 2981907 hectares of tctal Jand.

“r.

,,,,,

------

pol]utton factors Therefore belated eﬂ‘orts have now been made in thts dnecnon to
, check the degradatton of the sorl & mcrease the agnculture producttvrty v1s-a-v1s



-7 farmers' economy::Hitherto;; efforts have-been conceéntrated on: thie use of chemical
" methods to-reclaimate the ‘sodi¢ land which- includes the use of. Pytites, Gypsum-etc.
--"The: sustainability. of the reclaimation of .sodic:land using chemical methods have

..+ serious limitations & are increasingly being questioned!...-.. .o o o s

“The contribution of sodic land in the'total waste land is very high:in India.

<1 U:P: alone the:available figures reveals: that out of 2981907 ‘hectares of total land,

:168417 héctare:is identified -as. sodiciland:. The situation in other. states is-more or less

.. the same:but for the geographical variables: Most"ﬁoil degradationis caused by human

activities like.overgrazing,: deforestation,: poor:land: management, :over: exploitation,

" discharge. of waste water, garbage dumping; the:soil: erosion,: decline in biological

.. degradation, hydrologic: degradation: efc.. are the well known conséquences:of waste

. ;land formation.Silty:loam. to loam.soils have been reported to .contain higher amounts

of soluble salts. The ECe ranges from:9.ito~29: ds/n & thespHis: as" highras'-10.
Carbonate & bicarbonate are the dominant anions with chlorides & sulphates in major
amounts. The poorly drained soil of low perméability: have & Highi calicic valuie at a

‘¢r-depth-of fabout .1 meter.: They have Jlow:amounts: of available: N-& P & medium

i, :amounts of available K::i : CE N oL AT R D0E Lihne Tt el L UR N SLRGS

. Survey oﬁsodlc.land'm'tHar'yanaausing multiband’FCC land sat imageries

"inv*.l-:2.:-50,00()sscale have :been:conducted.-Multidata imageries over the past-10, years

showed that the alkali affected area 'in: Haryana' has-shrunk considerably. but 16,000
hectares remain unreclaimed. Various institutions in different states have focused
attention on the reclaimation of sodic land and majority of them have predominatly
confined their attempts to the use of chemical methods. A brief account of the past
experience in handling the sodic land is detailed below:-

* A single dose of 75% of the requirement of Gypsum in the sodic calcarious
clay soil increased the yield of wheat (2.59 tonnes/hectare) & rice on a similar
soil at Indore. The use of Pyrites (alone or in combination with form yard
manure ground nut, husk & wheat straw) increased the yield of rice (3.2
tonnes/hactare) & wheat (2.9 tonnes/hactare),

¢ Raising claster bean for three successive years resulted in an increase of the
mineralised & organic N fractions of the soil consequently pearl millet raised
on such a soil gave higher yield.

o High doses of N & P reduced the adverse effect of irrigating wheat with saline
water, both soil sensitive vanetles gave higher yields with salinity stress .80
kg N,& 90 kg P/hectare than with no salinity stress & no N & P.

A e e . e



.+~ In U.P. Sodic Land. Reclaimation Project :is. carried. out. REMOTE
SENSIMG APPLICATION CENTRE, U.P. LUCKNOW is doing the assessment of
. - the environmental impacts of Sodic Land. Reclaimation on ground water quality. The
monitoring is being carried -out in 66 project.sites of seventeen U.P. Sodic Land
. Reclaimation. Project districts, - viz. Aligarh, Auraiya, Allahabad, Etah, Ftawah,
-~ Fatehpur, Hardoi, Hathras, Mainpuri, Pratapgarh, Raebareli and Sultanpur since 1999
and. since-pre monsoon 2002 in newly added districts viz. Azamgarh, Bulandshahar,
Jaunpir; Kanpur -and' Unnao.-The project districts fall in the canal command of
-~ Sharda, Sharda Sahayak, Upper Ganga, Lower Ganga and Ram Ganga. ;'

: .+ -.. The quality of ground water in the study area is generally-alkaline, with pH
- . varying.from 8.0 to 8.9: The temporal variation in ground: water quality. shows slight

-, increase'in cations and :anions in-1st and:2nd years of reclaimation (2000 and 2001,

o respéctchly)'but‘not beyOnd'pérmissible—limit. L

et
P ¥ I S

- 13 PURPOSE AND OBJECTIVES. . ::. = ‘o - nso o~ 00 5

The broad: dbjective of this the513 is to' find a solution for prediction-of salt
concentration in the sodic soil. It is a fact that desodification followed by leaching of
_idisplaced. sodium:detriofates the: ground - water: quality: while:it-.is required for
-improving the food production.: Herice a proper management is mnst for maintaining
" the groundwater.quality while reclaiming the'land. .- " - . = . o2
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REVIEW OF LITERATURE
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2.1 ORIGIN AND NATURE OF sALlNE AND ALKALi fsonlé) i§6iLs )

The soﬂs imder cons:deratlon owe thelr d;lstmcuve character to the fact that
they contain excessive concentrations of either soluble salts or exchangeable sodium,
or both. For agricultural purposes, such soils are regarded as a class of problem soils
that requires special remedial measures and management practices, Soluble salts
produce harmful effects to plants by increasing the salt content of the soil solution and
by increasing the degree of saturation of the exchange materials in the soil with
exchangeable sodium. The latter effect occurs when the soluble constituents consist
largely of sodium salts and is of a more permanent nature than the salt content of the
soil solution, since exchangeable sodium usually persists after the soluble salts are
removed.

In discussing these problem soils it is convenient to use terms that refer
specifically to the two principal causes of the problem. “Saline soil,” as used in this
handbook, refers to a soil that contains sufficient soluble salts to impair its
productivity. Similarly, alkali soils can be defined in terms of productivity as
influenced by exchangeable sodium. In accordance with this usage, alkali soils may or
may not contain excess soluble salts. Probably the most common problem involves
soils that contain an excess of both soluble salts and exchangeable sodium, and these
soils will be referred to as saline-alkali soils. _

The salt content of soils above which plant growth is affected depends upon
several factors, among which are the texture of soil, the distribution of salt in the
profile, the composition of the salt, and the species of plant.

The decision regarding what level of exchangeable sodium-in the soil
constitutes an excessive degree of saturation is complicated by the fact that there is no
sharp change in the properties of the soil as the degree of saturation with
exchangeable sodium is increased. In the past an exchangeable-sodium-percentage of
15 has been used at the Laboratory as a boundary limit between nonalkali and alkali



soils. Insufficient data and expetience’ are available to justify a change, but this limit
must be regarded as somewhat arbitrary and tentative. In some cases, for example, 2
or3 Imlheqmvalents Qf exchangeable sodlum per. 100 gm. of soil has equal or even
greater usefulness as a cﬁtlcal limit. It has been observed in several instances that
alkali soils high in exchangeable potassium have better physical properties and are
more readlly reclaunablc than other alkah soﬂs contalmng sumlar amounts of

o+ - 1.,.
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2.2 Sources of Soluble Salts U .

‘ The soluble salts: that occur in sorls consist mostly of various proportrons of
the cations sodium, calcium(and magnesium, and the anions chloride and sulfate.
Constltuents that ordinarily occur only in minor amounts are the cation potassium and
the anions bicarbonate, carbonate, and nitrate. The original and, to some extent, the
direct source of all the salt constituents are the primary mmera]s found in sorls and in
the exposed rocks of the earth’s crust. Clarke (1924) has estimated that the average
chlorme and sulfur content of the earth s crust is 0.05 and 0. 06 percent, respectrvely,
whlle sodium, calcium, and magnesmm each occur to the extent of 2 or 3 percent.
Durmg the process of chezmcal weathenng, which mvolves hydrolysrs hydration,
solutron oxidation, and carbonatlon these constituents are gradually released and
made soluble. e K " R

Brcarbonate ions form asa result of the solutlon of carbon dioxide i in ‘water.
The carbon dioxide may be of atmosphenc or blologlcal ongm ‘Water containing
carbon droxrde “i1s-a’ partlcularly active chenucal weathermg agent that releases
:appreaable quanuttes__of the_ cat}on.lconsntnents as the ‘bicarbonates. Carbonate and
bicarbonate. 1ons are »interrelated the relative-amounts of each present being a function
of the pH value of the solution. Appreciable amourits of carbonate ions can be present
only at pH values of 9.5 or higher. L i}
‘ While the above-mentioned salt constxtuents are’ of most 1mportance in
;saline sorls there are places“ as 1n parts of Colorado Utah, and Washmgton, where
hlgh concentratrons of mtrate are found Vanous theones (Kelley, 1951) bave been
proposed to explam the ongm of excessive mtrate salts in soils. Boron owing to its
marked toxicity to plants when present even in low concentrations, also deserves
mention (Eaton and Wilcox, 1939). The principal source of this element is the mineral
tourmaline, which is a rather widespread but minor constituent of primary rocks.
Although weathering of primary minerals is the indirect source of nearly all
soluble salts, there are probably few instances where sufficient saits have accumulated
in place from this source alone to form a saline soil. Saline soils usually occur in

areas that receive salts from other locations, and water is the primary carrier.
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i .. - :i'The:ocean may. be' the:source of salts as in soils where the parent material
::1.;consists .of marine:deposits.that: were laid down .during:earlier: geologic -periods:and
wrhave oo e e oo war camn 00l T piley T e e T v o et
wizsince béen uplified:: The-Mancos shales occurring in Colorado, Wyoming; and Utah
.1 .are typical €xamples of -saline marine ‘deposits:" The ocean is;also the' source:of the
salts in low-lying soils along the margin of seacoasts.: Sometimes. salt is:moved-inland
. . through the transportation:of spray by. winds :and is called .cyclic salt (Teakle, 1937) .
-':More .commonly, however; the direct-source:of salts is surface:and ground:waters. All
of these waters contain: dissolvedysalts, :the..concentration .depending upon:the salt
.z content of the:soil and geologic materials:with;which’the water.has beén in contact.
= Watersact as:sources' of sdlts: when used-for:irrigation. - They: thay ‘also’add: salts to

+5.501ls under.natural -conditions;as:when they- flood .low-lying land or- when: ground

o watérrises close to the soil surface: .7+ o5 o o e b o fpm ealy aie o OF L
T T N N P TR LY R PR P S ST PR SPEIEL T U L ATty LN HER A Ity T (R PEC
. .2:3.Salinization of Soils:/ i s o T eV Sonnoial e O st B

wize o o ases Saline soils soccur-for the most part in regions oftarid ‘or semiarid climate.
~-Under humid conditions:thé soluble salts originally present in' soil materials and those
~.formed by:the weathering “of ‘minérals generally -are -carried."downward- into..the
t..- ground water and are’ transported ultimately by’ streams; to: the oceans. Saline: soils
«..are; therefore, practically nonexistent in humid regions, except.when the soil’has:been
+:, subjectedto- séa: water:in Tiver deltas -and ‘other low-lying lands.near:the sea. In- arid
.z;;Tégions leaching and transportation of 'soluble salts:to the ocean is not so:complete as
- .zin, humid regions: . .Leaching is usually-local in: nature;-and soluble-salts may- not: be
.- transported’ far. ‘This -occurs .not-only. because there is less rainfall-available to léach
~w-and transport’ thesalts-but-also because of the high.evaporation:ratés characteristic of
»i,arid climates;:which: tend further to concéntrate the:salts in:soils and in sarface waters.
Restricted drainage is a factor that usually contributes to the salinization of

soils and may involve the presence of a high ground-water table or low permeability
of the soil. The high ground-water:table:is;often related to topography.: Owing toithe
rJlow:rainfall:in: arid regions,-surface:drainageways:may:be pdorly: déveloped. As a

zokonsequence, there are drairiage basins:that-have:no:outlet to ;permanent streams: The

1110



drainage of salt-bearing waters away from the higher lands of the basin may raise the
ground-water level to the soil surface on the lower lands, may cause temporary
.+ flooding, or. may form permanent: salty- lakes. Under such conditions upward
. »moveément of saline ground water ‘or evaporation 'of surface water results in the
formation of saline soil. The extent of saline areas thus formed may vary from a few
acres to.hundreds of square miles. Many of the saline soils in:the Great Basin were
- formed in this manner. Similar areas-occur throughout the Western States. They are
_ .- often referred to as playas or dry lakes: < ' 370 o N
- Low permeability: of the soil: causes poor drainage by -impeding the
- - downward movement of water. Low permeability may be:the result of an unfavorable
- .soil texture or structure or.the presence of indurated: layers.. . .. » -«
The - salinity’. problem .-of . principal. ‘economic importance "arises. when
- ; previously monsaline soil becomes: saline.as the result. of irrigation. Such soils'are
.. ~often:located in:valleys ;aﬂjac’:ent. to streams, and; because.of the ease with which they
can be irrigated, the more level areas are usually:selected for cultivation:: While: such
soils may be well drained and nonsaline under natural conditions, the drainage may
not be adequate for irrigation. When bringing new lands under irrigation, -farmers
- have frequently failedto recognize the need for establishing artificial drains to care
- . for:the additional ‘water and soluble salts. As a result, the ground-water table may rise
fromr a considerable.depth-to within-a few-feet of the soil surface in a few yéars.-
- .. During the early development of irrigation projects, water is frequently plentiful -and
.. there is a tendency to use it in-excess: This hastens the rise of the water table.: Waters
_. used for irrigation may. contain from 0.1:to: as-much as 5 tons. of salt per acre-foot of
- water, -and ‘the annual: application - of water may.amount to -5 feet or more: Thus,
..} considerable quantities.of soluble salts may.be added to imigated soils over relatively
" short periods of time. When: the water table rises .to within 5 or 6 feet of the soil
1o surface, ground water-moves upward-into-the root zone and to the soil surface. Under

. such conditions,: ground water, :.as..well: as- irrigation ‘water, ‘Contributes: to the

: salimization ofthe soil. i .: . Lo ire el e oo
B I L R Rt ST ST LR O P R 0 SRR SRR S
.’ 2.4 Accumulation of Exchangeable Sodiumin Seils: = = .- v om e

oo "~ - Soil particles adsorb and retain-cations on their surfaces. Cation-adsorption
Uoceurs-as a consequence-of the electrical charges at.the. surface of the.soiliparticles.

11



-iWhile adsorbéd cations: are. combined chemically: with,the soil particles;. they may be
. replaced by:other cations that occur inthe soil-solution::The Teaction- whereby a cation
. in ‘solutionireplaces an adsorbed cation: is: called ‘cation exchange.:Sodium;calcium,
and magnesium:cations are.always:readily exchangeable: Other:cations; like potassium
and ammonium, may be held at certain:positions:on the particles:in-some:soils’so. that
- they-are-exchanged with:great difficulty’ and, hence;-are said to:be fixed. T
' .-+, Cation,adsorption,. being-a surface. phenomenon,:is identified mainl'ywith
i the finecsilt,:clay; and . organic .:matter fractions of isoils:Many -differerit; kinds . of
-~ mincrals: and: organic - materials: occurring rin; soils: ‘have-exchange:! properties - and
i~ together are referred:to:as the exchange complex.: The-capacity:of a:soil to-adsorb:and
;- exchange :cations. -can,:be measired. and>expressed:..in; chemical: .€quivalénts; and. is
~i:called: the cation-exchange-capacity: It:is commonly expressed in:milliequivalents per
» +100: gm.~of soil. Various:chemical ‘and-physical factors interact:to make the measured
»ovalue depend somewhat on the method:of determination; but; nevertheless; the cation-
a-.exchange-capacity is a reasonably definite:soil property that has considerable practical
significance. In view of the fact that the adsorbed cations can interchange freely with
-z adjacent :cations :in; the 'soil :solution; it- is 'to :be: éxpécted -that'the proportion of the
it variou$ cations :on the:éxchange complex will be related to-théir.concentrations in the
sisoil solution: o~ -7 - T nuriRiengn Daes BLLAnanbo? sbos dosinegadcons
Calcium and magnesium are the principal cations found in the soil solution
and on the exchange complex of normal soils in arid regions. When excess soluble
salts accumulate in these soils, sodium frequently becomes the dominant ¢ation in the
. ’soil: solution. Thus; sodium may:be:the predominant cation to which.thé soil has been
-; subjected,:or.itmay become doitinant. in:the' soil:solution, owing to the: precipitation
1.-0f, calcium :and :magnésium:compounds. As the. soil solution-becomes concentrated
through - evaporation -or. water: absotption: by.. plasts; the :solubility limits. of: ¢alcium
=¢'sulfate;!calcium: carbonate,” and magnesium carbonate ‘are. often: exceeded, in which
"-case: they: are precipitated: with a corresponding increase in the'relative proportion of
sodium.:*Under -such:.conditions, 7a: part ~ofithe:‘original . exchangeable ‘calciumand
{- magnesium is replaced by.sodium, ="~ Lo cleven chne T ne T e G iy
From a practical viewpoint, it is fortunate that the calcium and magnesium
.- .cations in the.soil solution are'more:strongly adsorbed by the exchange complex than

visodiumin. At -equivalent .solutiori ; concentrations, " the ::amounts : of -calciuin 7and
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= magnesium adsorbed are seveéral times that of sodium:. In: general, half or more:of the
r~:soluble cations-must. be sodium..before: significant amounts -are -adsorbed. by the
- “exchange: complex. In -some-saline . soil : solutions;-however, ‘practically.:all of the
.7, cations:are sodium, and in these sodium is-the'predominant adsorbed.cation. . i+
*. 2.5 Characteristics of Saliné and ‘Alkali Soils: - .~ -/ . .
The term. “'soil™ is used 'in .several .senses by agriculturists. . In-one sense a
- soil is considered to be a threedimensional piece of landscape having shape, area, and
~.depth’ (Soil Survey;-1951).: The concept*of:arsoil asa profile- having depth but not
- necessarily -shape or area is-also-a common use of the term. In another sense, often
s used in this handbook;. the termis applied to_samples-representing layers:or points in
= the: profile. - Saline - and: alkali :soils; are.;defined -and diagnosed.: on-the. basis .of
»= determinations’ madé .on-.soil samples;.-and: the significance - of -information': thus
. obtained -contributes.: substantially {:to. scientifi¢ ~agriculture. . The :extension - ‘and
- harmonization' of these.definitions:to :the problems and purposes of soil: survey: and
- seil classification have not:been attempted, beécause it lics somewhat beyond the scope
cofthe present work. - == -2 mi DL e L YT e el
= -.Tow facilitate sand - clarify:. this' discussion, the  problem: soils. under
.- consideration have.’been- separated- into three: groups - Saline, saline-alkali, and
nonsaline-alkali soils. Saline-alkali, and nensaline-alkali soils come under Sodic
soils.: 'i- o e e s :
~. 281 8alineSoils = .. . oo 0T e o i e T
Saline is used in:connection. with .soils. for which the conductivity of.the
«.~saturation extract is more than 4 mmhos/cm.:at 257 C. and the exchangeable-sodium-
! percentage is.less than15.. Ordinarily; the pH:is:less than 8.5..These soils correspond
- to Hilgard’s (1906) “white alkali”-soils and to the:“Solonchaks™ of the Russian soil’
r-.scientists. When adequate drainage:is established; the excessive soluble salts may-be
" removed by leaching and- they. againbbecome™normal. soils. Saline -soils are often
. ‘recognized by the presence: of white crists of s.alts on the surface.-Soil salinity: may
occur in soils having distinctly developed profile characteristics or.in undifferentiated
_soil material such as allavium. 50 L : N
. The chemical characteristics of soils.classed as saline are mainly determined
> by the kinds and.amounts ‘of .salts : present:. The amount. of soluble. salts: present
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Salinity and available soil water

Nonsaline Sall Moderately Saline Highly Saline

Fig. 2.2
No colour shows unavailable water. Colour shows available water
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controls the osmottc pressure of the soil soluhon Sodmm seldom compnses more

oSG IV OO g EEENE LA

than half of the soluble cauons and hence is not adsorbed to any slgmﬁcant extent

s - : R
RS S BT SR e | aa't Y02 SR :’.-‘.«’ BN : T l Y7

The relatlve am01mts of calcium and magnesrum present m the s01l solutlon and on

e A D) o eitigee TNl

the exchange complex may vary consnderably ‘Soluble : and exchangeable potassnum
are ordinarily minor constituents, but occasionally they may he ma_)or constltuents
The chief amons are chlonde sulﬁtte and’sometlmes mtrate Small amounts of

- . " ‘.‘ f.
- i";'e} LRSI OIS 1./_ RN PNS IR HEEENCA S ﬁf' o cE ity Stk CH e

‘ blcarbouat_e mayoccurﬁ but solu_ble carbonatesare Calmost :__mva;nably ﬂabsenltwln

, adition o th readly soiuble safy,saline sois may ontam ss of ow soubily
such ascalcmm sulfate (gypsum) ﬂand ealcnum and ma_gnesmm carbonates (hme)

] me‘ mg to ‘the) Jprese{nce'b)f e;teess "saltls and the' absenee of ,s1gmﬁcant
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amounts of exchangeable sodlum, sdme soils generally are ﬂocculated and as a
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consequence
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: the permeablhty is equal to or hlgher than that of smrlar nonsahne soﬂs
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2 5.2 SODIC SOILS
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D oas %alme-akah l? apphed to “SHOl]S ‘fo,r Whlch the coriductlwty of the saturatlon
,extract ;s greater than 4 '_lmmhos/cm_( at-m.u?.S’;‘ C. and the exchangeable—
sodrujhl;p"ercentage is greater sthan l§ "ljhese‘ smls form as a ‘ resuflt: !of the combmed
processes. of salmlzanon and alkahzation As long as eaoess salts are present: the

-i"“ ;.!

. NS

'."appearance_and propertles ot‘ these solls-are generally sxmtlarﬁto those ot_‘ sahne soils
Under condmons of excess salts the pH readmgs are seldom hlgher than 8 5 and the
. Gk \’l‘ rl‘t"*:,' it "3 [SS SRS RN P EFUA i : K

.part]cles remam ﬂocculated If the excess soluble salts are leached downward, the

BEATLCR AT X '1"*":1“' FANE X I AN '.J.rf;‘.if.}"‘)‘a};..-"yl‘f\l

_‘ propertles of these sorls may change markedly and become similar to those of

TR T SN S35k 04 AN N A L T

nonsalmejalkah soﬂs “As the concentratlon of the salts in the soil solutton, is lowered

aandl

i some of‘the exchaugEahlé (sodlumhyd;olyzes and fonhs 'sodlm\n hydromde Tlus may
chan_ge to 'sodmm.earibonate upon:reactlon w1th carbon dlomd:eJabsorbed hhm the
atmosphere In any event, ]Ipoﬁ leachng, the, so.rl. _‘may become:strongly alkahne_ (pH
readings above 8 5) the partlcles dxsperse and the sonl becomes unfavorable for the

[ ST 8 LI ’!;? + PR

’ en|1y and movement of water and 'for tillage. Although th_e retum of the soluble salts

FURNTRYID D6 o (ORI ESOUTRS £ 551 SRR S I Shoe

| 'may lower the pH readmg and restore the pmucles toa ﬂocculated condmon the

Pl Sl UEIN LU0 i D jo2 36 T g A S
management of salme-alkah soﬂs continues to be a problem unttl the excess salts and
[ I I’J”" VTR D ST TSR ../.."‘:U AT E RS I IAT

exchangeable sodlum are removed from the root zone and a favorable phys1cal
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condmon of the soﬂ is. reestabhshed
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Salme—alkah soﬂs sometnnes contam gypsum When such soﬂs are leached

LI

) ’t)lace concutrently w1th the removal of excess salts '

b, Nonsalme-Alkah Soils ~
o Nonsalme-alkah is apphed to soils for whlch the exchangeable-sodlum-

»}:percentage is greater than 15 and the conduct1v1ty of the saturatlon extract 1s less than
'4 mmhos/cm at 25° C The pH readmgs usually range between 8.5 and 10. These
soils correspond to Hllgard’ “black alkah” soﬂs and in some cases to “Solonetz,” as
the latter term is used by the Russ:ans They ﬁequently occur m setmand and arid

) regnons in small n'regular areas Whlch are often referred to as “slick spots ” Except
when gypsum is present m the sorl or the unganon water, the dramage and leachmg
of salinealkali soils leads to the formatton of nonsahne-alkah sorls As menttoned in
the discussion of saline-alkali soils, the removal of excess salts i in such sorls tends to
increase the rate of hydroly51s of the exchangeable sodrum and often causes a rise of

“the pH readmg of the soﬂ Dlspersed and dlssolved orgamc matter present m the 3011
| solutlon of hlgh]y alkalme sonls may be deposned on the soﬂ suxface by evaporatlon

* thus causmg darkening and gmng nse to the term “black alkali” -

. If allowed suﬂic1ent tnne nonsahne-alkah soils develop charactensttc
morphologtcal features. Because parttally sodlum-saturated clay is htghly dlspersed it
'rmay be transported downward through the soﬂ and accumu]ate at lower levels As a
‘result, a few inches of the surface soﬂ may be relanvely coarse in texture and ﬁ'lable
but below, where the clay accumulates the soﬂ may develop a dense layer of low

- 'permeabmty that may have a columnar or pnsmatlc stmcture Commonly, however,

' »alkah COIldlthIlS develop m such soils as a result of i nngat:lon. In such cases, suﬂicxent
tmle usually has not elapsed for the development of the typ1cal columnar structure

' but the soil has low permeablhty and i is dlﬂicult to tlll ' i

“ The exchangeable sochum present in nonsahne-alkah soil may have a

;marked mﬂuence on the phys1cal and chemlcal properttes As the proportlon of

exchangeable sodlum mcreases the soﬂ tends to become more dtspersed The pH

| nonsahne-a]kah soils, although relatlvely low in soluble salts, has a composmon that
differs considerably from that of normal and saline sonls While the anions present
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¢ consist:mostly of chloride, sulfate, and bicarbonate; small amounts:of carbonate often
-~ ;oceur.: -At high-pH readings: and in the- presence.of :carbonate ions, calcium:and
. -magnesium are precipitated; hence; the soil:solutions.of nonsaline-alkali.soils usually

contain only small amounts of these cations, sodinim:-being the!.predominant :one.

- Large tquantities::of iexchangéable::.and soluble'-potassiﬁm may-foccui"iii some of these

cosoilse o T L s o et
The sodicity makes the bad' structure of:soils. This-canbe explamed by

- ‘double layer theory as givenbelow:=riy -t Fox -0 e s nual s
; ’ : R A AU RIS A
+1.2.6 Structureofclay An Explanation: ~ - . 5« oo
R -+ If the soil contain. appreciable amount of clay, an important feature of the
i -soil in; addition to-its texture is its strucure.- The strucure of the: soil depends on.the
arrangement of clay particles. Depending on the:type: of:ions that are adsorbed to the
;! clay, clay particles ¢an be dispersed.as individual particles or‘they may be flocculated
0. form: flocs and ‘structiiral units (soil dggregates) that:may be several millimeters in
size. A soil with its clay-in flocculated:condition behaves. like:a coarser-textured soil
.. than-whenrits clay‘is dispersed.' Whether:a clay is.dispersed-or flocculated depends on
. how far:the individual clay particles are separated from:each other by-the thickness of
the layer.of adsorbed cations surrounding each particle. If the clay particles can be
. close together, the attractive van.der Waals forces are dominant and'the clay particles
are kept some distance apart, the repulsive electrostatic forces are dominant and. the
- clay is dispersed. .o o -
.. Clay particles are negatively.charged colloidal minerals, which can absorb
-cations (\H', Na', K", NH", Ca?*, Mg*?, .etc.) from the soil water or, tather, the soil
..solution.. The negatively charged surface of a:clay particle.and the surrounding mantle
of adsorbed cations are called the double layer: Ifthe predominant cation in the
. - double Tayer is Na" , the individual clay particles cannot come close together because
. the Na” jons are surrounded, by. water. molecules-or.are-hydrated, ‘producing -a thick
. double layer(Fig. 2.3).: Also; the moriovalent Na' ions do-not- effectively mask the
_ negative charges'.of the clay .particlés' themselves:<For Na' . clays, therefore, the
repulsive- electrostatic forces:between the negatively charged particles exceed the -
atiractive van der Waals forces, causing the.clay particles to exist as separate particles



in a dispersed or deflocculated condition:: This dispersion occurs already if 10 to 20

.. percent of -the adsorbed . cations consists:.of Na'.- Soils with' Na ‘clay have a poor

- -"structure”.. They have.aténdency to.se€al::They-are low in permeability, are sticky and
-, .amorphous, and become hard upon drying. | s - S
.= - 1f the catons inrthe.double layer aroundithe clay patticles are mainly Ca®*
and Mg’ * , the clay particles can come much closer together (Fig. 2.4) This is because
Ca’* and Mg?* are not hydrated and are thus of smaller size. Also, these cations are
divalent, producing better masking of the negative charges of the clay particles. Since
the van der Waals forces increase very rapidly with decreasing distance between the
clay particles, the attractive forces are dominant and the clay particles cling together
to form flocs and aggregates: A.soil with predominantly. Ca or Mg clay behaves like a
coarser-textured soil and. has.a "good" structure:: Such:soils are more permeable and
frable than soils with dispersed-clay.  : I ST 3
Clay can be converted from a dispersed state to a flocculated condition by
changing the adsorbed ions from Na*-to-Ca®* or Mg?*". This can be done through the
process.of cation exchange, adding a soluble Ca salt to the soil. =
A flocculated clay and associated "good" structure of the soil are preferred

. for agriculture. Thus, irrigation water should not .contain too much Na* because this
could cause the clay to become dispersed and the soil structure to deteriorate. An
example of what can happen to a soil when the predominant ion in the double layer
. changes from Ca®* to Na* is "the destruction of acres of prime ‘farm land" caused by
the wrong neutralizer to correct the effects of an accidenal acid spill from a derailed
train in Canada ( Ground Water Newsletter, 1974). Instead of using a lime or other

- - calcium salt, sodium carbonate and sodium hydrochloride were applied to the land to

raise the pH of the soil This cause dispersion of the clay and associated deterioration
of the soil structure. Conversely, Ca:clays have been deliberately dispersed and sealed
* by applying soda ash to reduce seepage losses from ponds ( Reginanto et el., 1973)
Whether a clay is..dispersed: or’ flocculated also depends on the salt
concentration of the soil solution. A high concentration of NaCl in the soil water, for
. example, could still cause a Na clay.to be.flocculated.. The high ionic strength of the
solution in that case compresses the double layer, allowing the clay particles to be
sufficiently close to each otheér for the van der Waals forces to be dominant. For this
reason, clay in a soil flooded with seawater will remain flocculated. Deflocculation
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will start only when::seawater:is leached out by rain, which causes the NaCl
concentration in the soil solution to decrease. When this happens, lime or calcium
should be added to the soil to minimize deterioration of its structure.
2.6.1 Adsorption Reactions

Adsorption is arguably the most important of ph};srcal-che;nica]"process
responsible for the retention of inorganic and organic substances in the soil
environment. The soil solution ’c%rnﬁosition of inorganic and organic substances is
controlled by surface Or. near-surface process.” Wlth respect to trace elements, the
activities of aqueous metal ions 1n ethbnum w1th an adsorbed phase are controlled
to levels that that can be orders of magmtude lower than levels controlled by even the
most stable mmeral phase Stncﬂy deﬁned, adsorptlon isa surface process that results
in the accumulation of a dissolved- substance (an adsorbate) at the interface of a solid (
the adsorbent) and ‘the solutlon phase This mterﬁiaal region incorporates the volume
of the soil solutlon that is commonly referred to as the solid-solution interface. The
process of adsortlon can be controlled ‘with that of preclpltanon in which the crystal
structure of a minaral increases in volume as a result of the three-dimensional growth
of the structure. Inorganic and organic’ substances can also be retained through the
process of adsorption. In thJS process a substance diffuses into the three-dimensional
framework of a solid- structure Partltlonmg (adsorption) is a -mechanism that is
frequently responsible for the retentlon of organic compounds by soil organic matter.

T i
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-t 2"T-GENESIS AND MANAGEMENT OE:SODIC SOILS: o7 = v
;i»iSodie soils most commonly:occur as a result of natural processes:(primary
sodification). The nature of the parent material and the subsequent pedogenic process
. dictate: sodic soil-development..Cnditions that:promoté the: formation of sodic soils
"+ include:the ;presene of shallow:saline groiindwater-or:a perched water-table:(within:1.5
.-~m:of -the surface), soil waterarich in bicarbonate;:impede ‘drainage, low slope;-and
-, textural discontinuities:”Sodic, or black alkal, soil§-are associated with the presence of
- NazCOs;high- ESP values; and pH values: gréater-than 9.0 (a'consequence .of the high
.., NasCOj3 rcontent).” Secondary :sodification is:a process that occures asa. result of
v, anthropogenic ‘activities, where:the development of a:soil with sedic properties results
;7. from poor';iri‘jgaﬁon?Water managerent and:poor drainage (water logging).: .
RN - Thé natural-formation ‘of a sodic 'soil is closely tied:tosulfate reduction in
~wdter-saturated -systems. “The neccessary. ingredients:for primary:sodic -soil :formation
o are;impedéd drainage,-a: shallow groundwater: that:is ‘highi-in 'sulfate,  high soil:organic
i inatter,~and: a-feducitig environment at:the groundwater. intérface’: The reduction of
sulfate;plfoduces alkalinity. (consumes:protonis):: *j'zi;.-;ue. SN InLOnnT T BNy
BOOTinL 1 so;*(aq)+2H(aq) 23 H 8 (gas)+ 207 (fdsy 1077 vian D v T 2l i
PRI ETCIAIRIS SIS e LRV R L TR 41
w1 T dedomposition” of organic ma&éf'pfbﬁuCES~‘G’O§f ‘which-is adsorbed by
+uthe- alkalitie ‘Water ‘to formi-HCOj. Thedisplacement of- Ca®" aﬁ&-'M ** from’ the
‘ -"exchange cottiplex by Na" is favored as a tesult of calcite precipitaion:*- -
BT % MR (én) 2N (ag) S 2NaX (en) ¥ (Ca T +Mg2+)(aq)’ Y
Y rRell ACaMEME) (dg)+ HCOS (@Y (Ca, MgYCO5 (s) + H ' (ag) it i3
e wite: The Thight solfate “Tévels i the” shallow ' groundwatér can *also- provide
-"“-’~f‘-'?fzii'rbiii'ablé' conditions for gypsim [*€aSo4.2H,0 - precipitition;“again favouring the
! tetantion’ of Na™on the exchange complex by-removing dissolved Ca®+from'the soil

s R a - » i ~ smeafna

SOlllthIl FESOEIN 14 VLS ST SEE ool Lt i 2TNLAR Ll '.{',4.'1.'1».-",‘,—:_1‘:

Lo Caz+(aq)+SOz (aq)+2H20(l) ——>CaSO4.2H20 R W
cowl Tk f EER ""-"’ T Sy ] ‘Ef‘ ARSI .!‘ AL (U AS
Excess blcarbonate coupled with elevated Na® levels regqlt m _the

production of NaHCOs;. Finally, dehydration favours Na2H003 formahon T
;'! v E " ] '..:". JL-\’ » .f« .I‘ ‘i
ZNaHCOS —-)Na2C03+__C02+H 0. 2.5
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As a result; a high ESP characterizes the exchange complex, high- SAR ‘and
.+ high pH-charactérizes the soil solution. (contfolied by Na, Cos);-and calcite is present

-, The-impact ofi:excessive ‘'sodicity on ‘the permeability of the:soils is
intimately. associated: with the .salinity of the soil solution. The degrative effects of

.i..sodium on soil structaral properties can be oveicome:by two principle mechanisms,

- acting alone or in concert: (1):displacement of Na" from-the soils exchange complex

+.-by divalent cations (the reasonris explained previously:by-the double layer theory), or

.. (2) increasing the salinity -of the soil -.solution. ‘These ‘two.:mechanisms are

. -complementary. with regard to their beneficial effects on sodic soils: Irrigation with
saline irrigation: water: may. bé: initially:. employed -to :stabilize .soil: structure ‘and

.. increase: soil. stability. However, increasing soil salinity .is less.effective in clayey,

. ..smectiti¢_.soils (which :tend"to -remain. relatively .impérmeable irrespective ‘of .EC).

- Incredsing - the salinity:-of.:a:50il solution:also. increases the threshold ESP, the ESP

.. bellow: which flocculation:.occurs::Increased permeability allows:-for the removal of

soluble components that might interfere: with- reclamation . (such: as soluble ‘sulfate
when gypsum is the amendment) and. the effective. infusion of divalent cations
necessary for sodic soil reclamation.

.. The reclamation of a sodic.soil requires adequate drainage, leaching, and a

+

: 'source of Ca2 , calcium, which is required to- displace Na®.from the exchange
complex, can be derived from a.number of sources..Chemical amendments that supply
C mclude gypsum and CaCl,. If calcite is present in the soil, H>SO4 can be used to
dlssolve calcite. Highly . saline water may also be employed. to hasten Na’

. displacement by relying on.the valence dilution-effect..In this procedure, a sodic soil
. -is_initially . leached with. highly saline, low SAR.water, which also.mcreases
., permeability, With .each, successive  treatment, the irmrigation -water is diluted;.with
high-quality (less saline) ;Nater The dilution fa\;ours the displacement of Na:. by
d1va1ent cations, and leachmg removes the soluble Na Irrespectlve of the mechanism

used to reduce SAR and ESP Ieachmg to remove Na from the soﬂ profile is a

GOV i AR Lot

- 'necessary
2 8 CATION EXCHANGE _
Before the year 1850, the bellef that sorl was an mert material was
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prevalent among agricultural scientists. Even Justus von Liebig, a revered agricultural
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chemist of the period; the first-to-demonstrate that plants-obtain mineral nutrients from

+goil>and the first to recognizZe-that the’ addition-of a Siriglé ‘ssential niittient would

increase ‘crop yield only if all othér niitrients’ were pi‘eseiit"iii ' suﬂicxent Tevels (Liebig's

“Law of thé annum“) espoused the bhief that sorl was merely a nonteactive filter

Wy oan R Ter

¥ and support medla for plants However il this changed m 1845 when an agncultunst

v (H

and Yorkshire farmer ‘named Hams :étephan Thompson performed a small series of
expenments (Thompson 1850) To glass columns contammg a "lzght sandy loam of

good qualxty" a "black sozl O‘rom the bottom of the old stlck heap)" and a "strong

. clay soil" Thompson added a. (NH4),S0,, solunon Upon leachmg each. column with a
.. Volume-of water that.exceeded t#n.amount, the--!?.fg_ayz_.east;qqn_tlm;o,w»'ﬁll of;rain which

+-_is ordinarily experienced in this country!;-a leachate was obtained which; when dried,

yielded a precipitate that was found:to be-principally gypsum:(CaS0O4.2H;0), as "the
whole of the ammonia was retained by the soil".

"o’ 1848 'H.S. Thompson related to John Thompson Way, a consultmg chemist

“t6° the Royal Agncultural Socrety, i results descnbed above In ‘addition, a Dorset

farmer named Huxtabfe related to Way that he made an expenment zn the filtration

e FEECXANN shydeeun

of the lzquld manure in his tanks thraugh a bed of an ordma;y loamy sozl and that

‘ .vand.,smell ..fn fa,..cf» t.h.af !f, went.m.mgyur,a and gqm? %t, :Mt@f’l,., (..W ay.,. ,1.850)- The

. - findings of Huxtable, and particularly the, quantitative findings of Thompson, lead 1.T.

a

- Way -(Way;..1850) to‘perform. the first-comprehensive. studies:.of the:process later
<:: termed-base -exchange. -Way's. studies .were principally. confined:to. two soils, a "red"
«:5oil-from: Berkshire and a'loam: from Dorestshire Downs, although Wwhite-pottery clay,

~- washied: sand;'red’ brick “dust,”powdereéd’ tébaccéo pip"’ef*'(’cdfnposed“‘of-‘"i'clay), and

“*aluminosilicate precrprtates Wwie also tsed i genera], Way Y expenments ‘Consisted of

) 'passmg solutlons of ¢ common salts (mcludmg'NH4 K, Na, Mg, and Ca salts of OH,

o7 {" R I

40, ¢, NO;, and’ CO3) through columns or ﬁlter beds of the vanous matenals In

- 5 53
[N PRt «;, ¢

addition, expenments were conducted usmg 5011 partlcle size separates dned soil (50

; »to 60°C) combusted sorl and HN03- and HCl— dlgested matenals SOll leachates of

T

sodmm phosphate solunon, gunao errtract, human unne ﬂax Water sewer water and

were revolutlonary (from Way, 1852 the sallent statern;ents are in bold)

l“*\r

[ WM gl "'4' Pl

"'Thames Rtver Water were a]so exammed The results and 'c'onc]usmns of J. T Way
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removal of phosphorus ﬁ'om guano extract and sodlum phosphate leachates (a result

o

1.1t ;was_found: thatordinary soils possessed the:power of séparating from solution in

..+ water the different earthy and, alkaline substances.presented to; them in manure; thus,

,w,he_.n solutions_ of, salts_,of al_mnonia,:ot'= potash,,magnesia, &c.,: were made,.to filter

slowly through a bed of dry soi], 5 or 6 mehw deep, arranged ina ﬂower-pot or

.—1 ~ li

. other smtable vmsel it was, observed that the llquld was i' rst ran through no

S

longer contalnlng any of the ammonla or other salt employed. )

G 8 Poemionryn Uognnioe g Lo e RN RS DRI Y I

rrrrrrr

But ﬁn-ther thls power of the sorl was found not to the whole salt of ammonia or
potash, but only to the alkaly 1tse1f If for lnstance, sulphate of ammonla were the

<<<<<

‘solution, bt the filtered h‘q'mld woild ¢ontain sulfuric dcid’in abundance - riot in

“'thel free’ or: ‘uncombined :forin; but: united ‘with lime; ....and: this. result ‘was

. obtained-whatever the acid of the;salt experienced on mightbe, .-

o .
mar L o Y

ke L tawtvias, R et N " hind

., It.may be mentloned, also A thrs place, that, at.a later period, 1of the mvestrgatton, it

. was, sat:sfactonly proven that the quantxty of lnne aequlred by the solutlon

A

-’i ‘}' ..'t Y

correspondsd exactly to that oi' the ammoma removed from 1t the actmn was
ROSRN o L T LI L LT
thereforeatrue chemlcal decomposntmn. L N
A T R U LR AL R 1 f A S A
\5 ST LIRS
Agam, 1t was found that the combmatlon hetween the soil and the alkalme

v substances was rapld i not mstantaneous, partakmg therefore of the nature of the

-ordifiary’ union beétwden ai acid id alkali; In the' S6urse of thess expenments several

rdiffererit soils-were‘opérated upoiand it was found that all soils capable of profitable

. cultivation - possessed: the ‘property in:question ‘in-a’ greater: or:lesser_degrée: It ‘was

-shown ' that the' power:to absorb alkaline substances did not exist in sand;: that

- ,the. organic.ma_ttets,'of the soil, h_ad»:nothing iti . do with it; that the addition of

ev:dent that the actlve lngredrent in all thase cases was clay

carbonate of hme to -a,;s0il did not; increase its absorptive power for these salts;; and

,-4.

_ mdeed that a sorl in, whnch carbonate of hme d1d ot occur, rmght strl! possess m a

hlgh degree the power of removmg ammoma or potash from so!utxon and lt was

" S (I

- f‘,J.-_.

ror
s T LoRreiag o7
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In addltron to the above _ﬁndmgs Way also observed the conlplete sor]

.
S . [N ACUR IS

[EM

that Way attrxbuted to the formaylon o_f calcmm phosphate precrpltates rather than
"absorptmn") that the acld dlgestlon of soﬂ d1d not destroy the absorpuve power and
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i::- that the combustion of soil or clay diminished- the ability 'of the material to absorb.-An
- initiak ¢onclusion of J.T.-Way = that organic matter-is unimportant.in- cation retention -
.. was dater refited through' the work of: Samuel W.:Johnsori (1859), who-noted-that
' swamp-muck ‘was "capable of absorbing 1.3 per:cent of animonia, while.ordinary soil
. -‘absorbs:but-0:5:fo 1 per cent." The experiments:6f Way. .were’limited to ‘exchange
".«. reactions involving the-displacement of native Ca% by the common cations;Na®ii K*,
- NH'g,-and Mg?"> Indeéd, until the:work: of J:M.::van Bemmelen in the 1880s, if.was
generaly thought that only Ca** was displaced “from-soils by-ekchange reactions,
. -although Way himself noted the:appearancé:of:imore:Na":in white-clay, which we find
«: from -thee~ analysis: ¢ontains: this :alkali: in:considerable quantity:: Jt .would séem,
w'therefore; that. in the:présent instance: soda, and: not lime; had .acted:the part-of-the
substituting base" (Way, 1852). e v AT

2.8.1. QUALITATIVE ASPECTS OF CATION-EXG‘HANGE o e
With the exception of a small number of misinterpretations, the conclusions
Ton exchange reactions are reversible, rapid (rate is cotrolled by site accessibility and
a¢is said to be: diffusion controlled), -and -stoichiometric with.respect to charge:: The
-, following exchange reactions illustrate the  stoichiometric and equivalent replacement
;; of an ion;on the exchange.complex by anion from the aqueous phase:. -
T HF T Tl (RN Y N IT: 1L S SR PR RIN S F o SN ST ST
oo 1. 0.5CaCl (ag)+Mg o:5X(eq) = Caos X(eq)+:0:5MgCl(eq). . 2.6,
ol NH 4(aq) + CanosX(ex) 5 NHy X(ex)+0.5Ca¥ (aq)e . on - o2
UL SNG l TR IS LI et e L ke Do e D el n D P
oo v LSK(aq) +:ALgiss X(ex) =3 KX(ex) #:0.33 AP (aq) v = ¢ 028
T B Ee R ¢<Y R T A IS s STE S e SOOI A B L L LIS SRS S L
where X represents “an‘ ‘equivalent-of exchange: phase charge: In the' cotext of
-* exchange reactions, the equivalent-quantity of a-cation may be-described as the moles
«:of cation that teplace:a mole of hydrogen'ions; Since a mole of “protonis identical'to a
+mole of charge (mol,);-an equivaleiit quantity-of a cation may also-be described as the
* :moles of cation that:are ‘equivalent'to' a‘mole chaige. For example, “/5 mole of Al is
- equivalent'to: Fmol chargé (a‘miole of Al is equivaleiit to 3:mol of charge); a fiole of
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.. Ca**.or Mg® is equivalent to 2'mol of charge, and-a mole of NH";.or K is equivalent
- to 1-mol of charge. In equations a to'c,.one-equivalent of exchange phase charge (the

- same- as-one mole of.exchange phase .charge) is satisfied by one equivalent of

‘exchangeable cations. Thus, one mole of NH'4-or’K*, '/, mol of Ca?*-or Mg, or /3
- mol of AP* satisfies a. mole 6f exchange-charge. The-cation éxchange,teactions also
illustrate the:exchange stoichiometry. For example, displacement of one equivalent of
Al from the exchange phase requirés. one eqmvalent of K', or 3 mol:of K" are

requlred to displace 1 mol-of ABY. ~ i - - "ol g r e 0 e

~Equations a to ¢ correctly display cation’ exchange ethbna for Mg2+ Ca2+

. Caz"'-NHQ, and AI¥K" exchange,:as. the .requirements of chiarge and mass® are
.. satisfied. Jon.exchange reactions may also be.expressed, for. example, as indicated for
Ca’*-NH*, exchange: S

INHY (aq)+CaX2 (ex)—->2NH4X (ex)+C (aq) P 29

S5 T LRt

<" 2NHY (aq) +'-CaX(ex) —> (NH,),X (ex) + Caz*'(aq) Coor 2010
- 'wheie-X represents a mole-6f ekchange phase in'Equation 2a (as in Equation'b), and
" X* represents two molés of exchange phase charge in Equation 2b: Both reactions in
Equation 2 satisfy mass and charge ‘balance requirements, and ‘are equally valid
machanisms for descﬁbing the Ca®*-NH"4 exchange process (alongwith Equation b).
Finally, exchange reactions are also qualified with respect to the nature of the ions
involved in the process. Equation a is an example of a symmetrical (homovalent)
cation exchange reactions; as the ions involved have the same charge. Equations b and
c and 2a and 2b are examples of nonsymmetrical (heterovalent) cation exchange
reactions, as the ions involved have unequal: charge. Equations b and 2a and 2b are
uni-bivalent exchange reactions; Equation c is a uni-trivalent exchange reaction.
. The use of equivalents to describe chemical behavior (as in ion exchange) or
- fon concentrations is no longer an.acceptable practice. Prior to the favoured use-.of SI
-units in the soil science, it was common to express the concentrations of ions.in soil
_ solutions in_terms of normality (N), eq L or me:q-_.L'l, and _the cation exchange
-+ capacity. of'a soil in meq 100 g‘.‘_ (milliequivalent-per 100 grams). The composition of
-a soil solution that contains 10 meq L' Na as'Na' and,10 meq L, Ga'as Ca®>* contains
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.+ 10 mmol.L.} Na and 5 mmol-L" Ca; assuming that.an:equivalent:is. defined as the

- moles ofa substance that are identical to a mole :of charge.:One:of ithe ambiguities
associated with the use of equivalent units demonstrated:in-the 'abové';éxample.
- Expressing the total concentration -of.a /dissolved substance in equivalent units
requires an assumption relative to ion speciation. Implicit in the 10 meq L? Ca

concentration is;the assumption:that Ca. exists and reacts as the divalent.ion, ¢ven

. .though a significant proportion: of the total soluble Ca may exist in ion pairs (e.g.

;o CaCI" and. CaSO 4):0r organic complexes-(which are species that: will not replace two
equivalents of proton-charge). .. - ... . . I P N T A
An additional ambiguity in the use:of equivalents is that the: units is specific to

.- -the type of chemical reaction that occurs. For example, in the exchange. reactions: .

A T U NP SR S R SIS HOLENIS (D EE

FeCly; (aq)+2KX (ex):—> FeXp (ex) +2KCl(aq) . - =i~ - 211.

it :FeCly (aq) # 3KX (ex) > FéXs:(ex) + 3KCl (aq): Jos L2024
ST of e woadtant ki sl e b o ot

1 mol’ of Fe* in‘Equation'3a: will replace 2 mol of K. Similarly, :1- mol of F&* in

. Equation 3b-will replace 3.mol-of K*: Thus, the équivalent mass:of Fe** (g éq™) is one
- half the.molar mass (g mol>)iof Fe, and the equivalent mass of Fe** is-oné third the
malar mass of Fe!(there are 2 eq: mol™ of Fe +) However,; ifi redox reactions; the
equivalent quantity of a cation ‘may- be"described as the moles of cationi that are

equivalent to amole of electrons transferred. For example, in the reaction:

FeChy(aq) + 0.25 Ox(g) + HCl(ag) - FeCly(aq)+ 0.5 H:O() - -+ 2.13
both Fe?* and Fe**are capablé of donating and accepting: only-one electron; thus, the
equivalent masses of Fé** and Fe** are identical to the molar mass of Fe'(1 eq mol™ of
" Fe** and 1 eq mol™ of Fe®"). Therefore; a solution that contains 10 meq L? FeCls
may contain 3.3 nimo} L FeCl; if Equation 3b is-thie réaction of intérest; 6r'10 mmol
L if Equation 4 is the reaction of interest. Because there i fio amblgmty in the use of
molar concentration units, their use is favored. ' T
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. - :- Ion-exchange reactions abide .by the Law. of Mass Action and respond to
. perturbayions- of the: soil :¢hemical environment as described by Le Chatelier's
" principle. For thé reaction, -~ .~ : . .. = - S S i
| i. n 2Na'(ag)+ CaX; (ex) = 2NaX (ex)+ Ca*(aq) <~ - . 2.14
- the retention of Ca*" is favored if the system initially contains equal concentrations of
- soluble Ca™ and Na" (retention of higher valence spécies is favored). Le Chatelier's
principle states that when a stress is brought upon'a system at equilibrium, a change
will occur such that the equilibrium is displéced in a direction that tends to undo the
 effect of the stress. Although the retention of the Na'ion is not favored over Ca%, it-
can be forced onto the exchange complex by-any stress that disturbs-the equilibrium in
favor of the formation of NaX. Thus, any process that increases Na™ in the solution or
removes soluble Ca®* will increase' NaX and decrease CaX, concentrations. For
example, loading the system with Na', forming a Ca precipitate, or forming Ca*"ion
pairs (e.g., CaS0°%) will favor the-formation of NaX by.forcing Equation 5.to proceed
further to the right in response to the stress placed on the equilibrium of the system. A
- 'soil can be Na” saturated, irrespective of the native exchange phase composition, by a
-sequential centrifuge washing technique. In this technique; the-soil is reacted with a
- concentrated (1 M) NaCl solution in a centrifuge tube. The suspension is centrifuged,
- the supernatant liquid is removed and replaced by another aliquot of NaCl solution,
and then the process is repeated (a minimum of three times). The high concentration
of NaCl in the equilibrium solution stresses the system and favors the displacement of
Ca® and other native cations, which are removed in the suenatant after centrifugation,
‘leaving the soil exchange complex Na' saturated. o
A charactenistic of nonsymmetric ion exchange reactions is that the dilution
.. of .a solution in equilibrium with the exchanger phase favors the retention of more
highly charged exchangeable ion. This characteristic is known as the valence dilution.
effect, and has. been useful in the reclamation of sodic environments.
Correspondingly, increasing. the salt: content of the equilibrating solution (e.g.,
- through evaporation) will result in the preferential retention of the lower valence ion.

For the reaction:

2Na'(aq) + CaX(ex) — Na;X(ex) + Ca’*(aq) 2.15
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where X* represents 2 mol of surface charge, the Law of mass Action states that an
ez ex_change selectivity.coefficient.(reaction quotient); K-s,,may:bezwxitten:

20t b byt vz Brg s DOn p 20gmRle ST Sl au ;s 0 Ly mipe 0
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. ~where. {} and [].denote effective concentration- vanables of'the exchange and aqueous
',a-;ph.@.s,e'.specles..ﬁ@anang;ng-qu_!at!sm 6b yields: ;- oo s
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If [Na*] [Ca”] =1.01 n the. equlh"bratmg solutlon, Equauon 2.17 reduces £0% i, -
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A narey Ks={Na2X}/,{CaX}“\ Sy Rl ey Srerigtuy eIt 218

.....
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event, then [Na“] = [Caz*] 0 1 When the exchange and soluuon phases have
reequilibrated, the new equilibrium condition, according to Equation 6c¢ is:

~e e L, e - [ R - P R

PRI € E \ < R 157 ) PR S0
O T U U S T S L R | LTy RSN el

Ko J0.1P/[0.1] = 0.1K, = {NapX}/{CaX} 219

In this .example, a tenfold deerease in, concentrahon in,_ the equlhhratmg
solution will result in a tenfold decrease in the ratio of Na to Ca on the exchange
complex,,lf K 1s assumed to remam constant ora, tenfold Increase m the ratio of Ca
80 'Na‘ on the exchange complex (ten tlmes as_ much Ca2+ as Na on, the exchange
phase }elattve to, the ongmal system) Thus dlllltl()n of a sohmoh n ethbnum w1th
an exchange phase Wlll favor the retention of the more hlghly charged exchangeable

.

Exchangeable catlons are hlghly hydrated and do not actually form chemlcal
bonds with the absorbing surface. Instead, exchangeable catlons are held at the
surface through an electrostatic interaction and their retention is influenced hx the
variables described in Coulmb's law:
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F=q.q. fer* 220
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As this equation states; the force of attraction (F) between opposing charges is
directly related to the magnitude of the charges q. and q. and inversely related to the
? $quare of the separation distance r in & iniform medium having a dielectric constant &.
Therefore, the effective size and valence of an exchangeable ion determine its
*exc¢hangeability. The ease with which adsorbed ions can be displaced from the surface
by completing ions can be predicted. from ‘siz-arid ‘valance parameters: As-the valence
of an exchangeable cations increases, so does the force of attraction to a charged
" burface. The greater the valence, the greater is- the selectivity of the"surface for the
cation. Further, for a given valence, the hydrate radius of an ion determines
exchangeability.: As’ thé" hydratéd radius ‘of ‘an ‘exchangeable “cation decreases (r
decreases), the force of cation attraction to a charged surface increases.
The relative replaceability of exchangeable - “cations ‘(ease of removal) is
described by a lyotropic series. Beginning with the most easily removed cation, the
lyotropic ¢ series for the monovalént and divalerit’ exchangeable cations are’ (hydrated

- 'radif in nanométérs arée dlsplayednparentheses) S P T e

SRR A R O e

Li* (0.382) ~Na" (0.358) > K" (0.331) ~ NH' (0.331) > Rb" (0.329) > Cs" (0.329)

and
Ve Mgz“*(o 428)>C (o 412)>Sr2+(0 412) B4’ (0.404)“’

oo o

All catlons may part1c1pate in’ canon exchange reactlons ‘even though Some

may also partwlpate in specxﬁc retentlon processes with surface ﬁmchonal groups

. Thus the lyotmplc senes éan be' expanded to intludée trace metal catlons

- .- RS . . L W emslm 4 e i L e v T aen ens
T b -a;'-—':' "! il ‘oL "'- R S CHER S B REE ST SR S SN ; FARS LR R LS £ PRt S §

- Li* 0.382) > Na" (0. 358)>NH+4 (0331)>K (O331)>Rb (0329)>
CS (0329)>Ag(0341) Come o

T PR ) SR TRT

and
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Mg?(0.412) > Zn?'(0.430) > Co0%'(0.423) > Cu*'(0.419) > Cd*'(0.426) >
Ni**(0.404) > Ca™(0.412) > Sr*'(0.412) > Pb**(0.412) > Ba**(0.404)

2.8.2 CATION EXCHANGE CAPACITY

The cation exchangé capacity (CEC) of a soil can be defined as the moles
of adsorbed cation charge that can be displaced by an index ion per unit mass of soil.
More critically, CEC is deﬁned as the total charge excess of cations over anions in the
os- and d-planes; under stated (controlled) conditions of temperature, pressure, soil
solution compositio, soil-to-solution mass ratio, and other method dependable
variables. The CEC is expressed in units of cmol, kg™, which are equivalent to the
units of meq 100 g common in the early literature (i.e., 1 cmol. kg’ -i meq 100 g™).
In general, the reported CEC of a soil often refers to the maximum negative surface
charge and indicates the potential CEC of the soil. The potential CEC of a soil
indicates surface charge arising from constant- ych'ﬁféé ’ surfaces (from isomorphic
substitutio) and deprotonated inorganic surfate functional groups and organic
functional groups. s R "\

2.9 NATURE OF WATER :

Water is Iughly reactive: substance _atld an’ exceedmglty effective solvent. It
is a compound that has ahlghdlglecmcconatapt, which is a measure of a solvent's
ability to overcome the ath'actjpt;_ l?etween a dissolved cation and an anion. The
dielectric constant may be defined z;s the ability to oppose the electrical attraction
between i ions of opposxte charge Thls deﬁmtlon is ﬂlustratated mathematlcally in the
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where F is the force of attraction between:ions of’ oppos1te charge of magmtude Z and
Z. that are separated by a radius of r in a solution having a dielectric constaiit &, The
force of attraction between two oppositely chirgéd iofisiwill be less in 'solvents that
“have thh dielectric’ ‘constants; “rélitive’to solvents that have low “diélectric constants.
R A rélatively high dielectric ‘constant i$°a rathér unigile property “of water
that is a result of a nonlinear molecular configuration'as shown Belowy:i ot bris
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molecules assotiated through a hydrogenbond. §* and 28~ represent the pamaI pasmveand

1 cnegativech arg es onthe protonand oxygen, & =0.42(Re ference: Makoney and Jorgenser,2000).
Thebond energy of the covalent O — H bond inthe water moleculeis 470k mol ™ , while the bond

s energyof the hydrogenbond between water molecules is approximately 23.3 kJ mol ™ (Sureshand.
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.2.10 NATURE OF SURFACES OF CLAY, MINERALS I T
s . Because of the complex character of water many aspects. of the structure of

mmerals can be of influence, but those associated w1th the surface, both externally

and internally, are.the mOStmPOTtAt 1, , .. . ..

731



I"‘..

:i::Basically, three features of crystal surfaces may. influence water- molecules

- which'come into-contact with-thém: - » i L custee owidg oo Lo oinsth

- ooinaeily Distorted ionic groupmgsin!smfacehlayers.m: EEI
2. Broken bonds at fracture or cleavage plafies. - iiraiiv Dol
- .o g ¢t 223, Unscreened ions (usually cations) associated with the lattice.

iaceen oo Surfaces canatract water molecules to:themselves to form layers' where a

.. type:of structure exists very:different from-the.condition in liquid water... -

T .zita - 1Over and=-above .adsorption: phenomenon. due-to . surfaces ware’:effects

.. " attributed -to ionic inclusions:within the’ crystel: lattice itself: The presence:of weakly-

held cations; as- counter-balancing charges in:a:loosely packed’ structure, invariably
leads to.hydration:-effects.:-In an: aqueous- medium;: cation which .are not fully
electrically borided will adsorb water'molecules to‘complete their screening within the

.- latticei:Some:lattice in‘which ions are not-correctly 6r adequately co-ordinated possess

. this .same property and the cations adsorb water molecules to. become hydraes. Similar

i effects.'are’ observed in. clay ‘minerals such::as montmorillonites with loosely-held

counter-balancing.cations. Where the afe contained in a specific layer, the adsorption

-of* such: water can: canse major ‘swelling .of the lattice ‘itself: The amount of ionic

. adsorption depends on the nature:of>the cation:and-on the: relative humidity_of the
. systent-(Mering, J.-, Trans::Farad. Soc:*42B,.205, 1946). o
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*.-2.11 The SOLID-SOLUTION: Interface:-A micr'oScopic:View;;;: SR T BPTRNNY FEPHTRE

- .NOT: :bulk.~solut10n; The interfacial region: exists: be¢ause- soil meisture bearelectronic
;- charge:and metal .and ligand complexation:capabilities. The interfacial region of the
.2 soil-.consists 'of adsorbed ' protons, métals;: -and ligands,- and an- inferfacial :solution

- phase: The ¢omposition-of the interfacial phase is.directly-influenced by the structural,

chemical, and electrochemical aharacteristics of the soil .minerals:and-the chemical

acracteristics of the bulk soil solution. Actually, two types-of surface charge éxists.on

"n:soil. minerals: structural charge:and pH-dependent charge: While these.two categories
- = of charge:may account:forithe preponderance of surface charge; they are by no.:means
+ithe- only 'sources of charge on mineral surfaces. - I RS TR TR T oA I DU TRI

- The .interfacial .region-betweéen the.solid: and: solution:-phases; the. region
that exists between structural solid and bulk solution, conceptually consists of
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. laminated layers that-differ in-chemical and electrochemical characteristics. Charge
development on a mineral surface and the neutralization of the charge by dissolved
ions and molecules under the influence of the surface occur in the interfacial layers.
212 THEORY OF LEACHING  :.:-: .. .= ¢, -~
<.~ Water is the chief mode of transport of salt in:the soil. There is a dynamic
equilibrium between the-ions in. the. solution phase and-those which are associated
with soil complex, the soluble: salts.and :the soil minerals. The exchangeable ions
» 'mostly resides in-the sterit layer and -are immobile with respect to moving water. The
- ions outside this layer are more mobile and bulk of them move out in response to the
- -concentration gradients or as the soil solution is displaced by applied water.
' - There are two main.processes involved in salt movement in'soils;: - -
. .~ 1. Convection of<dissolved salts due to'mass flow of water, . -~ -
" «:2.2 Diffusion . of: salt "in response to thé concentration gradient. The
-~ cextent .-and direction - of.-salt - movement .is.: determined " by
-zconcentration. of salt. in soil solution, the amount of solution that
moves and the:direction.in which. movement occurs. : =/-: 7 .
Hence pattern of water movément:has bearing with salt accumulation in soil.
- Diffusion depends upon concentration - gradient. and may add:or diminish: the
concentration of convective - ‘flux ¢ depending upon the - direction -in. which . the
concentration gradient occurs. A common problem coupled with high evaporative
conditions in regions. with arid-and .semi-arid _climates is_the presence of excess
.. :soluble salts in root zone: This:résults in larger amount of mass flow-mediated flux of
.- solute-towards roots of plants. Consequently salt concéntration in the root-soil intrface
- - région increases and the magnitude of increase depends upon evaporative demand and
salt concentration of soil solution (Sinha and Singh, 1974, 1976 a, 1976 b). As aresult
. the plant roots are exposed to-a salt concentration which may be several fold of that in
i soil few cm'away from thé roots.. =~ .. . ‘ ' ‘
2.12.1 Process of Leaching -~ -~ .. -/

- Leaching’ of :saline :soil is. commonly .effected by ponding of water.on soil
_=surface. If the salt removal from the: soil is assumed to-be a piston-flow process then
the maximum quantity of water required to leach: down the initial salt solution from
the given soil depth would have been equal to its-saturation capacity. In practice it is

N
HRe
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found: that amount' of water néeded-to accopmlish salt removal is :always more than
thlS capacity. Ay

This is because of the charecteristic way in whlch the salts are displaced
-« “fromsoils:: Salts: when ‘present at:a point in‘a fluid: flowing through porous medium
spread out in a cone shaped path. Scheidegger (1954) describes this ‘process as
dispersion. Day (1956), Rifai at’el. (1956):and Van:der Molen' {1956) reported-that
'+ 'salt-displacement: in-soila: mainly. occurs: dué: to- dispersion::which is the result of
variation in flow velocity of water while it moves through complex: systemi: of soil
- " pores. The resultant mixing of flow elements causes so-called miscible displacement
of solutes from the soil. Bigger and Nielsen (1967) have studied the:miscible
displacement with regard to leaching phenomeénon in soils. "= *

Gardener and Brooks:. :(1957) described . -the. leaching process
mathematically and worked -out:leaching requirements from a simple model. The
model consisted of a network of uniform:soil ;pores-in: which.the centre of pore was
assumed to move with the same velocity :as:that of leaching water. This fraction of salt
was named mobile salt (c). The part:of salt close to pore walls-moved slowly and was

- nariéd immiobile salt’ (@). ‘The Tatio ;q' = ’B was- conmdered a measure of quannty of

T l-: it Sanmg] Saate D

water in excess of one pore volume which was. reqmred to leach down a certain

.. percentage of original salt present in the so1l They reported that {1 + B) pore volumes
. of leaching water reduced the salt concentration of soil to 50 percent while (1 + 2B)
pore volume reduced to 20 percent. The value of B vanes w1th soil properties but
usually ranges between 0.1 to 0.4, wlnch means. that 1 2 to, 1 8 pore volume of water
should be passed through soils to reduce the sahmty to 80 percent of the original
value.
soil. Their expenmental ﬁudmgs _v_ve_re epprommamd by Jth_e fcll_cwlhgvequatlon.

Dy, -1

e

R e

"Where Dy;; is the depth of water leachiéd through a depthi of soil Dg, and Co
and C represent the average salt concentration in the same soil depth before and after

‘leaching. They brought out a thumb rule from the above equation. The rule is "One
foot water per foot of soil depth" leaches out 80 percent of salt from the soil.

+0:15 - LR e e T e 2.22

-7 34



- .. :r Equation (,;).can 'be rewritten in terms of:electrical conductivity as: - -

D]w (EC )f L.l
= +0.15 ' 223

.\;;- T - -

: \Where. (ECf,)l and (ECe)f are electrical ;conductivities of’ saturatlon extract

T
LA T

1 of soil before and afier leaching respectively. - .-
. 2.12.2 Water and Salt Balance of The Root Zone R N R
o - W.H: Van:der Molen (1972) reports the: followmg water balance equetion
Jofanlmgatedsml B T B B L T g
I+ P+G=E+R+AW. - A S A Pt 20224
» jwhere,-.,- Corebreeep Ve oene 0T o e L v e
I = Effective amount of irrigated water;:. «
& :P. - = Effective-amount of precipitation;;:
. G+ = Amount of Capillary rise of' ground water; :.
i+ . Eiv= Amount of €vaporation; .- i x b LT e o e
. "Rl = Amount of deep.percolation; and -:....: .- :* - v L .Lees
- AW=Change in amount-of moisture stored.” := .- .. % . o el
. I & P are defined here as. eﬁ'ectlve quantmes as they relate o quantities
that actua]ly mﬁltrates into the soil. '
B " The salt balance equation for the root Zone reads as:

IC,+PCP+GC RQ+AZ SR T s

R -
AL LI

h where
e --C = Salt oncentration mmeq/l
e Y Suffix dénoting irrigation witer;
- p =t Suffix denoting pre'cipitatior'l '
g = Suffix denoting gmundwater
r = Sufﬁx denotmg deep percolatron water and
AZ—Change in salt content of the root zoné in meq/m
Since the amount of salt supplied to irrigated sorls_ by rainfall is negligible
compared with amount supplied by irrigated water, PC, may be taken as zero. Further
-1t is assumed that under equilibrium conditions G, = C; . Hence, Equation (') reduces
L, T PRI T L S '

G =R*C,+AZ - 2.26
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.-t where R¥ is.the net.deep:percolation,iequal to ( R - G"):-In terms of ganis and losses of
salts the net deep percolanon R* may be equal to leaChing requirément.: - - ¢ <
LRI TR IS A< 1v LY
If tha salt balance of the soil/is-in equilibrium AZ: will beizero. If it is not
in ethbnum, the quantity of salts in the root zone at the bedmmng of the penod
under consideration ( Z; ) will differfrom that at:éfid (Z ). <37 "+ wiivon’s o
Wi m G UAZ=Z5 % 24 (meg/mP) R 227
2.12.3 Thé Leaching Efficigncy ' -~ =7 W 72000 1 it i s
23 Y2 T Tt i assumed: that the afount of salt i thé Toot zone-(-Z) is dissolved in
*the ‘soil ‘moistire: As downward ‘water and salt moveiiient in the root zone genéially
1" take place at mbisture-content néar field capacity; logically it iiay be consideréd that
7 i§ dissolved in‘an-amont 6f moistité Wi, whichiis the soil moishife content at field
v fcapaclty in the rot Zone (m mm ‘or Vm? ) ‘Wi ‘cin be déterininéd from - - el 1

",w R S S S RN I f.-',»-:-:i!-i‘;zw TR ORI 1s TR
. A T .y L T PR S N . P - - [ - -
PN ! 100 RN ARL PRI B SRR A R S S PR L ST PO AT PN L S A
where . '
- ' -t et
o ‘ ! AR S TR VISR

U E50il hotsturé content in volume %" )
peuv ol 0 ¢ ufy=suffix denoting field.capacity: v ovlic.e 7 b lsmanie
- D depth of root zone in mm.

P Cas s S s B v ;'~. TEL e T figid

- At ﬁeld capac1ty the. salt concentration ( Cfc ) of the sml moisture in.the
root zone is

i

LT IR D= ':;~'Z".:~ 5'\: v LT . Y HEE .-'I‘: R '|l"" !:‘L’: ‘\F:: < I‘::-",
T . ,CfCA:_ SRS BN P L 3 . s ! PR IS RPN ¢ 229
L W L -

R S A L AU Lot e Tl L L e o -‘._. S EC LT

If we consider a penod in wmch Z changes from Zl to Zz, the average s salt
concentration (C/. ) of the soil moisture at field capacity during that period is C

-

IR TP ."'!_‘C'Z'JC, Zl +z'zwi z'l '_1_ AZ' NEIVAIE PR T Z_‘fff',-;’z“-' S L ‘2'301‘
e W W )

SRR - % e fe
o Loee e onIn

For the salt concentration, ( .Cip).of the water, percolatmg below root zone,

_-the- followmg assuptlons can be made each describing a different, model 0
v CrCfc I S T A S, 0 SN SN S FVT LT TR 23,1 -

Cr foc Y L IIRrTEIE D T T IY S 2.32
o C=fCet(-OC .. . 233,

where f'is the leaching efficiency (0 <f<1).

Py
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. The following leaching efficiency.( f) values have been recommended to
be used ( Van der Molen, 1973):- T Dol ceLle
silty loam, sandy loam £f=05-0.6

_silty clay loam, sandy clay loam;loam f=04:0.5 .

cclay i e Los o m £=02-03
2. 13 Technique of Water Appllcatlon for Reclamation . .

The continuous ponding technique requires a level surface and is relatlvely
inefficient compared with other techniques, such as intermittent ponding or sprinkler
- - irrigation (which does not require a level sufface) Flood imrigation results in saturated

. flow, and the water movement principally. occurs i the macropores and at a relatively
. high velocity. The macropores account.for only a small portion of the total porosity of
:,.a soil ( and only a.smal portion,of the salt burden contained therin), and salts must
diffuse from the smaller micropores to- the macropores before they can be flushed
from the soil. This diffusion process is slow, and water movement through the profile
under saturated flow is too rapid for efficient salt removal. 'Under unsaturated flow
conditions, like those found under sprinkler irrigation, the macropores are still the
principal conduit for water flow, however, water in the macropores is in contact with
the micropore water for a greater period of time. Thus, there is greater diffusion of
salts from the micropores and into the macropores, and greater efficiency of salt
removal. ‘
- Since the bulk of the soil's salt burden is found in the micropores, sprinkler
irrigation is a much more eﬂiment techmque for the reclamatxon of salm soils.
2.14SYNOPSIS L
* * With this background attempts have been made in the present thesis to (1)

Lad ot

derive an expression showing relationship between time and depth of saturation front
in the root zone and (2) formulate a mathemﬁtical model for predicting the salt
- concentration with Tespect fo time for sodic soils: The assumption has been made that
the soil depth (root zone) under considération is a thoroughly mixed reservoir and
hence the variation in salt concentration with respect to depth has been neglected.

The derivation of the expression as said above and the formulation of

modeél has been described in the next chapter
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et e A A s N CHAPTERSS: ¢ 1 sdayy ¥ag 9h Wm0 ko
LEACHING OF ‘SXILTS IN SODIC SOILS™
3.0 Introduction o L, BT R TR Oy 06 e a0 st no

The chapter is comprised of two sectrons In the first section, an expression

is developed for computation-of water- mﬁltered usmg Green and Ampt equation. In
the next section, a mathematlcal model is developed to ‘find the salt concentration in

f .
¢

o= - t
AR PR IC T i

the root zone depth with respect to ume. |
3.1 INFILTRATION BRI ; 'e .

{ -

Infiltration is the process of water penetratmg from the ground surface into

LT

the soil. Many factors influence the infiltration: rate mcludmg the condition of the soil
surface and its vegltatlve cover the properties of the soil, sucht as its porosrty and
hydraulic cnnductrvrty, and the cunent moisture content of theé soil. Soil strata with

different physical prop‘ernes ‘rna)‘f ovérlie-each other, for‘mmg horizons; for example, a |
silt soil with relatively high hydraulic conductivity may overlie a clay zone of low
conductivity. Also, soils exhibt great spatial variability:eveniwithin: relatively. small,
‘areas such -as-in:an: agncultura] ﬁeld -AS-a result of: these great: spatlal‘vananons and

f { e NI

the ume vari ti __m soil propertles that occur as the soﬂ morsture content changes

SR

Lagss mﬂlu'anon A8 very complex= process uto ’be descnhed fonly rapproxrmatelye with
mathematical equations, gsess nodsdie 0 S0l onnt ol auitlsifar Bhosleaneo

The soil water distribution during infiltration into a uniform, relatively dry
soil was first presented by Bodman and Coleman (1943). They showed that the profile
could be devided into the four zones shown schematically in Fig. 3.1.1. The saturated
zone extended from the surface. to.a maximum depth.of. approxlmately 1.5 cm. The
transition zone, a region of rapid. decrease fof soxl water content,nextended from the
zone of saturation to the transmission zone a zone of nearly constant water content
which lengthens as infiltration proceeds The wetting zone mamtams a nearly constant
shape during ifltration and cu]mmates m the wétting front which i 1s the visible limit of

water penetration into the soil- Except forv the saturatlon and transmon zones, the

. results of Bodman and Colman have been generally conﬁrmed by other mvestrgators
While there has been considerable dlsagreement in the literature it 1s generally agreed
that, in most cases the sml wﬂl not be completely saturated at the surface due to air

PYIENTE AR RSNt
entrapment and possﬂale counterﬂow of the'lalr phase “Most. theories. of soil water
sy el noin

. @'.:c.: |
=
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movement do not predict the transition zone. However, McWhorter (1976) showed
that an abrup; s_tqugning_- Oft!le prg_)ﬁ,leﬁ near ;thq surface .vsjrpulgl be predicted for rainfall
infiltration if the resistance to air movement is considered. |

5 . - e . et Lo IR
Bl ~ P : | t g Y . - . . .

\A_/ATER CONTENT

£
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v
e

z i
. a t ,
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S . D- . .

ISEIPIE NN A SR oY it -
¢ WE‘ITINGFRONT
PR _::: 4’" ey e :‘:__{. L IRae T ) o i o
e e F:g 31 1 Inﬁltratlon Zones of Bodman and Colman .
P P Vel

.+3.1.1 Statement of Problem -- e T A LT T

. Let us-assume instant ponding. The saturation front is assumed to be abrupt
and the water content, and K m the saturated Zone are assumed to be umform and
*i treated: with . Darcy's~ equation: to- obtain equations: relatmg mﬁltranon rate’ and
accumulated infiltration to time since infiltration began.

[P SR SN
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Bs -is the nataral saturation, and; 6 is initial moisture comtent. "

Plston Flow System
Fig. 3.1.2

H ;s the depth of watc: above sox] mu-face, fos the depth of samrauon ﬁ'ont at any ume t
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Let us consider a saturated mass of Soill.ha'viﬁg thickness AZ,

[ .
s .r et el ee
[ £ e LYEMSTY “ A alaET RS

Wy
+—

oz e e

and 6y =8, Ar)» L€ there is no change in moisture content as it is fidly saturated '~

In the above figure, Vy, is entering velocity and Vy, AZ is outgoing velocity

[

‘._!'\' ,‘_;\_\3 TS '-';\ .»‘."-'5,?}‘ '/. U R Y
Wl G dnnt e 3 er et s one Chween L ars by rlnily Lol
Loy riv o oefs The.mass balance equationis:; ;- ... .- e e
ARV Rt R I S 2 LR L N €8 i (1 4L e *
ssine i o Initial storage+ Inflow = Final storage £.0utflow. . .. ;invop L s,

Therefore, O\dZ +Vy At =0, ndZ+|V; + V% az\ar s corms
) w (r+-a1) LAY

W TReT

o 8t - -\.'l\ Py ‘-: 3 A = - - -'-I"..V'e _‘Y

Th progoemer vt Beagale orgtadd g FroinhEY ATRE OF Lontiretdeisng
? " A

aV 1 DO 20 stk

W 0 T EIN ¥ PR

oZ

. .
ek o 2T e
TR Ty BTy

-1.e.-velocity.is not changing with depth at a particular time.
- velocity of waterat-entering is the infiltration, i.e. =V
Hydraulic head at point A, , =H +22+0 _ __,“ L

Yw At ’l'

= % Py ._,,-'-'.

Hydraulic head at point B, h3=‘:—"—-Hc—Zf (zd+ve)  Fmgnn

w
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where, p, is air pressure in the min iscus

H_ is capillary head, H_ = Pe

Yw
pis capillary pressure
The hydraulic gradient -2 - #i2="4)
dzZ Z;
oo
— Vw i Vw
- ~Zs
. Z,
From Darcy's law )
dh' =
V =K, =~ v
Tdz”
_ K MzH,-H-Z;)
Z, N
_kld.+H+2;)
"7
Coa ot T - f R -
Sinc ’ 1=V, . ) o "
K \H +H+Z
hence, 1= oA f) 311
Zs

This equation is Green & Ampt equation

Using Green and Ampt equation, one can derive the volume of water
infiltered in time t. There are generally two situations: in’one sitiation the depth of
water is maintained cofistait from external supply*and in' other the depth of water

varies with time. - . .0’ . o L o L

3.1.2 Infiltration: When depth H is Maintained Constant
Infiltration during small time dt Lo

Idt=dZ (6, -6,)
U T uherg G Zmoistire contentinider natural satiration
e, 8 2 initial:moisture content.. -
. K\H. +H+2Z ‘ : :
Putting = . J SR AR
Zy

One gets L
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Z .
l:KS(Iic;H+ f)}dt=de-(os —ei) N
.t f . .. Y

f
or L __dt= Aaz
6.-6) H,+H+Z; '
_H +H+Z;—(H, +H)
T H+H+Z, - .

Cor . Cdp= 1= Hc-‘*'H."%};de-‘,:- .
©,-6,) H,+H+Z,

- After integration, weget--. .. . . - .. ..
K.t
es—al

e o1

=2, ~(H,+H)log,(H, +H+2 )+ 4

at 1=0, Zf=0
Hence, A=(Hc +H)loge(Hc +H)
K.t

Th A
erefore 9.-6,

=2, ~(H,+H)log,[#, +H+Z,)+(H,+H)log (H, +H)

=Z,-(H, +H) loge{(fz;c—{:;—f)}

ct+HYZ
or K t=Z; ©6.-9,)-6.-6,XH, +H)log, {(il(—ﬂﬁji)'} 312

Let the total quantity that infilters be ¥, up to time t. W, is given by
Wy =265 -6,) |

")

or 210=@;-6)

Substifuting Z¢ in (3.1.2)

H +H+(——,W
K, +=W-(0, “ai)loge{—c—ﬁ—:g!i}

- (e: —0,- XHC +H)+W
or K.t=W-(, 0i)loge{ . -6,)H, +H)

- W
e W 31
or K,1=W-(o, af)’°ge{1+(a,—0,~)(Hc+H)} ¥

At small time in the begining of infiltration ) is small. Expanding the
logarithmic term and neglecting higher order terms

42



W Cw?
K, t=W-(0,-6,)H, +HX— -
©.-0.X ){(es—olXH¢+H) '2(9,—9,-)2(HC+H)2}

w: .
- 2(0.1 _0IXH¢: +H)

or

W = 2K, 6, —0,YH, vH)" 3.1(5)
From the above equation, total quantity W can be calculated corresponding
to any small time t. o | '
In practice the depth of water on the soil surface changes with time as a
certain depth of water is applied in each operation which charges due to infiltration.
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3.1.3 Infiltration Under Variable Boundary Head
i 2 o' Lef the initial ponding over'surfac€ =g v * ¢ v ¥ auii e - e
i (i.e-the:depth of water applied) «'.7 5 i+ i e
“. ..W-be:the.depth  of water infiltered in-time t's e o sl i
Therefore the depth of water overst;iﬁzc'ebt’dﬁyﬁiﬁe?;'-ﬂ(,irﬁlﬁipyi:,'"'1;'\ ARG T L
att=0, W=0, Hy=H . ... .. . . .. o

From Green & Ampt equation {
_aw _KJHgrairz ] ot
dt z, ‘ : b
) Ks[?izmv Hc"ua-z;-] Lz _ ——— ;
Zy : “
Multiplying the nwneratoranddenommatorby(e -6, )on right hand Side
aw _K [(—-W+H XG -0, )+2,(6, -6, )] L
' : ..3.14
@ T 26,0
Since W =Z ;(6,-6,) * ’
theregore, 7 K[(E WH XG- 9)+1{1
_X, [('E+H Xo 0)+W{1 CA 9)}]
WdW
PR TR By [(;I_‘+H Xg 0)+W{1 (0 o)n st gy L el wd
Multlplymgbothszdesby{l (o, 0)} P A TR A TP

= W{l (9 ai)} - s
{1_(0,—01)}1(,111'—-[(;; HXB 0)+W{1 (0“‘9)}1 j?_i':'-""g"

_(#+n, Yo.-6,)+w4- (e'*e)}—(ﬁm Xa ~6,)
(]—1(—;’1 XoX )+ -06.-6,)} o
+H1f0-6)7 - T

[ a+m o, -6,)+wli-(6, 9)}]@7 e

aw

After int egration we get

B RS RE M T ES o TR 0’1 (o 0)1oge{v[1 L6, -6, @5, Xa e,}
Att=0, W=0. Hence,

4= E+H Xo 6',) (0 o)loge{ﬁ+HXO 0)} -4

Therefore,

-6, -6, r=w- (17+H Xg <9”1 (0'1' '0) {W[l_»(o(z%ii]:(xz”2¥0 9)}

U e 3.15
From the above equation, infiltration W can be estimated for any time t for
known values of 6,,0,,K,, H. and H .




Pt couhinaee ead el s ced, o (et D
3.1.4 Infiltration in Two Layers of Soil of Differént Conductivities K; & K,
Let us consider a soil depth in-two layers with conductivities K; & K,. The

total depth under consideration-being.Zs; the: depth-of top layer with K; conductivity
be D;. Hence the depth of the bottom layer =Z¢+ D;. . -

i A4
v
T3 o
z, 1 : —
‘lroz-—-"%-"(h L .
J’ SRRPE

P

Fig. 314 .

In case of a two layers of soil w1th hydrauhc conductlvmes Kl and K;, the

resultant conductivity is O

D] +-D2 D1+(Zf Dl) » e R

Dl Dl D Zf D1 » \ fO?' Zf >Dl Y- :
Dy R

K‘l‘ K2 Kl-*»- “th A¥]] f ),1_ R S

Ky =

Kl_Kzzf ": -

Hence, s(t). DK, +KyZ; —DiK; )
Fo,Zf<Db Ks(t) ’}cl YRR ) L\,___" .’ oo, | : B
N - When the saturation front exceeds the top lgy,er,,,thé infiltration rate, 1, is
givenby - o e
1=d§, [_ W+H, +zf] | A‘_-; e
s(e) Z, A
KK,Z, r—W+Hc+Zf]
TPz DK 7.
KlKZ

H — W+H +Z
DI(KZ Kl)+KIZf[ f]

e e I PR
ot at A Gl L :
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Multiplying numerator and denominator by (Os - 6;) on right hand:side; |
aw _KK, {7- W+H, Xﬂsi-‘.fé.- Wz, (0:-0)}
a  (K,-K )-Q(?._S_ ."‘01)+Kl-zf~(es -6;) .
_,_,‘j:’_ . Sined;” W:gkes- 91) e (Ze>D1)
" md Di@s-8)=W;

- Therefore, %Ti- K‘KZI(I?'W+HXG g)+WJ drtet i oo 316

e L)
' '.§‘='K‘K;[(E‘*Héxar“ai)+w{l-(9;"“9.-)}]7« Crmnde o atignn st
(&, -K)W, + KL W PR ALY G e, 4 L IR Dt

(K2 KI)-”’]"‘Kl W L --. s
I.(’?'FH Xo 0))+W{1 (0 01)}] I AR

ar /( K2

or KiK,dt =

N IE S e
R 6t ig]

1ok
= s

)W”W SORITEL 0 T SR
or szz

F+HXO -8)+wi-(, 6,)}_!" BT png

Multiplying both sides by {1 (0 0,)} and afler some rearrangement, we get R CE A
2-ri-6-o)w -6, -
6, - 6Kt = )
{1 ( i)}K2 l(— H Xa 9)+W{l (9 g)}J iy b s
-1it-6-6) RN

N Xﬂ YT ) g T Tt

(A+u)0.-0)
[ [(17+HX0 Z9)+wi-(, - 9‘]]

After int egration,

§ +H_)0g
fi—(0s -0, Kt =W +loge[(!_{+}[ XBS -6,)+{-65 - B)W}{(_‘I)Wl (E E{gsx 9)‘}9 )}

s+
Att=t;, W=W, | ( .
Hence,
A =050 i, ~log A+ Yoi S - 04 0,)}W,J 5 i
{(__1) 1 jﬁm Yos -o; )}

fOENLLT 0

K, i-6s-9,)}
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Incorporating A - - il
ts-ale--tr-m (5 s, (.':féeﬂ‘%:f’ ).

o op, JE+HJOs - 6)+ i (es 6.
(“ +H, Xes ei)+{1 6s-0

The time t; when the saturation front reaches the bbﬁbm of the first layer
of depth D; and time t; when the salim;at{on front reachesa Z¢ from the surface can be
determined using the above relationship. ‘ - |
EXAMPLE T
The infiltration rate is obtamed for - the fo]lovwng soil moisture
characteristics: T I

0;=0.290

Os = 0.485 }

hi=114 cm B

Ks = 2.88 cm / hour

= 10cm

]

Applying Bouvs?'er’é’-ﬁlé_t‘hé‘iji ST
I o

- = 0.75
From equation (3.1.5)

_W-0209i0g, (1+4.78w)
0.0232

The rate of mﬁltratmn is presented in Table 3.1.1 and dlsplayed in Chart
3'.1.1. Lo ,V . N

P
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.. Table311.

&

S.N. W (m)

Thrs) -

Rate of Infiltration (m/hr.) _| .

0.01

0.009998

1.000161291]*

0.02

0.038809

_0.515350707

- 0.03

0.084822

0.353681242}

. 0

0.146629,

0.272797729 -+ "

- 0.05

0.222985]

o~ 0224230673 |

0

0.312787] -

0.191823622

_ 0.07

0.415055

0.168652289|

0.08

0.52891|= .-

0.151254432

0.09

0.653564)

0.137706498

0.099] 0.774397| -

weegh v 0.127841461

1

2
3
4
5
6
7
8
9
0
1

1
1

0.1 0.788308

0.127841461

B T )
~ i £ ?_ tﬂ-
(o e
1 P‘. —

PR

0 :
; ot
\ i
Pl L 1 \
L
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<
Nt Y
2, :r; 1: ’
<
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Chart 3.1.1
€ 1.2 —=
IQ 1
= 1 =
o) - E = PV
=~ 0.8 e
= i Vo _1i—Rate of
= = s : R B .
ET 0.6 - .- Infiltration
s~ 04 —.— (m/hr.)
g 02
14 Q- -
Verification:
Corresponding to W =0.1m
z, =W _010 siem
0s—-6; 0195
ﬂ"__KS [E'W*'Hc +Zf]_ "1 P
dt zZ, t —te
W, =0.1m W,y =0.099m t, =0.774397hr. t;, =0.788300/r.
Substituting these in above
0.1-0.099 0.0288x[0.1-0.1+0.763+ Z |
0.788306-0.774397 Z,
0001  0.0219744+0.0288Z
0.013909 z,
or Z=051m.
For H=020m.
H+H,=0.20+0.763=0.963m.
- 0.805x0.02881 gy  0-963%0.195 log,, { 08057 +0.963x0.195 ,
0.805 0.963x0.195
_ ;7 —02332733l0g, {1+4.2868174W}
0.023184
The calculation is shown in Table 3.1.2 and the result is displayed in Chart
312
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Table 3.1.2

et a
IR A R I

Rate of Infiltration (m/hr.)

1 0.01] 0.008989] 1.112448|
2 0.02]| 0.034994]-0.571522]-.. - < , 1a
3 0.03] 0.076697|-0.391148] -
4 0.04] 0.132927] 0.300917
5 0.05] 0.202639] 0.246744} _ %, ., .y
6 0.06] 0.284899| 0:21060%}- — -- ~-—
7 0.07] 0.378863| 0.184763
8| _ 0.08] 0.483774}'0.165367}.. .¢ &
9 0.09] 0.598942] 0.150265] =~ . T
10 0.1] 0.723743| 0.138171
11 0.11] 0.857606]-0.128264|- -
12 0.12] 1.000012]'0:119999| "~ * -
13 0.13] 1.150484] 0.112996] "> ~ _
14 0.14] 1.308583| 0.106986
15]  0.15]..1.473908] ; 0.10177]: ..-r:1.¢
16 0.16] 1.646081| 0.097201]
17 0.17] 1.824763| 0.093163]°
18 0.18]2:009635}.-0.089569
19 0.19] 2.200399| 0.086348
20| 0.199] 2.376897| 0.083723
21 0.2] 2.396781] 0.083445] .
e Ee T THEOH . S AN P o
Chart3.1.2 = """ o
1.2
1

o 2o o ©
o N » O @

1

2

Tirne, t (hrs.)
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Verification

» y Ty
02 ~O 199 -
2.396780992-2. 376897446
0 0288[0 763+Zf]

or

Let us apply 500 mm water i.e.H=0.50m."
~H+H, =0.50+0763=1.263m.

1.263x0.195 {0.805W+1 263x0. 195}
- e

= 0.805x0.0288¢ =W
0.805 1.263x0.195

=> 00231841 =W ~0. 30594410g,_,{1+3 268571W}

W —0305944log, {i+3.268571W}
0.023184

==

The result is shown in Table 3.1.3 and Chart 3.1.3
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Table 3.1.

20 S g i

i

S.N. W {m.) t(hrs.) |} 1(m/hr)
1] 0.02] 0.027025] 0.740043] .
2 0.04] 0.10383] 0.385245| -
- 3] 0.068] 0.224815] 0.266886]° -
-~ 4] - 0.08] 0.385275] 0.207644| - -
- 5| - -0.1] 0.581222] 0.172051} - -
6 -0:12| 0.809238| 0.148288]
-7 0.14] 1.066382] -0.131285] -
8]- - - 0.16] 1.350095] -0.11851]
ol - -0.18| 1.658144] 0.108555
- 10] - -0.2]-1.988565] 0.100575| -
11] - - -0.22]- 2.339623| 0.094032] - .
12|~ - 0.24] 2.709778] 0.088568| -
13 0.26] 3.097654] 0.083934}
14 0.28] 3.502021] 0.079954|
15 0.3| 3.921772] 0.076496| -
16 0.32] 4.355906] 0.073463]
17| .- 0.34]. 4.80352] 0.070781
18 -0.36] 5.263791] 0.068392 - .
19| .~ 0.38] . 5.73597] 0.066249}
w20 oo-0:4]-6:219372]. 0.064315] -
21 0.42] 6.71337] 0.062562] -
22 . 7 0.44] 7.217389] 0.060964]
23 :0.46|.7.730897| 0.059502
24 0.48] 8.253406] 0.058158
25 0.499] 8.757713 0.056978
26 0.5] 8.784462] 0.056919]"
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3.2 RECLAMATION OF SODIC LAND

When saline soils are leached during reclamation, or ‘Whenexcess of
nngatlon water is applied to maintain a low salt content after reclamation, there is
always an eneroaclnng fluid wheh displaces the salt solution with which it is supposed

~-'to be completely; miscible: In this chapter,:we, will_consider- that depth of root zone

which is the problematic zone, and considering it-as a single-reservoir we.Wi.ll'develop
a mathematical model to know the salt concentration after leaching.

o 3.2.2-Statement-of the Problem. --«5 . . ooy y e o

_.Solutesare;present in;the-soil in two:states; mobile: and immobile -state.

Salt present in immobile solute can be transported only, by diffusion. The salt present

in mobile solute is transported by advection, dispersion and diffusion. In the present

model the effect of dlspersmn and diffusion is taken into account by assuming the

Teservoir to be: thoroughly mlxed Tesérvoir. At a particular tlme salt concentration
varies from one reservoir to other.

Let the concentration of salt in the mobile water be C, and that in

immobile water be C,, the rate of transfer of salt from immoble water to mobile water,

or vice versa, can be given as:

3.2a

‘%" is the decrease in salt

where K is the mass transferi cpefﬁcient (day‘l).
concentration of sofute in the immobile region. Fig. 3.2.2 shows the schematic view.

: The model assumes- that this, rate. of. exchange . is ‘proportional: to. the
concentranon differance between. the two liquid.regions ( Bolt, G.H. ). The mass
transfer coefficient is proportlona] to the molecular dlﬂ’usmwty of the component in
the water, to the total area of the surface of contact between the two fluid phases, and
inversly proportional to some length characmmng the dlstance between the centroids
of the subdomains occupied by the two phases In prmmple this coefficient need not
bea constant, although it is often apprommated as sueh, rather than it depends on the

saturation of two phases (Bear & Bachmat).
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Parker and Valocchi (1986) denoted the transfer coefficient, as. o -and
suggested that - = - . .. oo e

- 1-fe s i
a -15D0

5.7

..3.2b
rim T I S R -t

- where ti is the radius of spheres of immobile water in their porous medium model,
~and Ow=0i + O Where Bix & O are water contents of these two coninua. . -

. . .
s RTIEEEE . -
o BRI LA L

With this concept, we will derive for the-salt concentration when-the
-saturation front has not crossed the reservoir,-and when it has crossed-the reservoir. A
-pictorial view is-shown bélow: - -~ -~ -~

PR
wla - . I S D K P o

-.-Z‘.I - Root Zone Depth

" Fig.321° "

,e

'3.2.3 Salt Balancé, When'the Saturation Front has not Crossed the Reservou'

Wntmg equation 3:2a in finite diffetence form,

g‘(ﬁ%)_c"i(t‘)_ Kle, (+a)-C, o) | i

| o, C (t+At)— a(’) 'KA’[C (HN) C'"(HN)]
(1+KArlc('+Af)-KNCm('+A')=C(’) kB
AdsE. Ll LT ER ;

- 55



Now let the irrigation water with salt concentration C;-be.appli€éd- on. the
surface of reservoir. Let us assume that within the saturation -front the reservoir is a

thoroughly mixed Teservoir. f

Adsorbed Water
(immobile)

Free Water

I._‘_e f_.l ' lqci / (Mobile)~
o r'g

T o B rﬁ:m:;.f:‘
Qo = 0,.at =, - -: }

Fig. 3.2.2

For so_p_ie.timé after onset of infiltration, the reservoir only receives water
and there is no oﬁtﬂoﬁ of solute, as the saturation front has not l&ossed the depth Zt.
Under such situation, the solute volume, Vi), increases with time because of
infiltration and it varies with time. _ ; :

Considering salt balance over a tin_le ‘peljiod of At in an Iiﬁitial control
volume V(t), P

Initial salt mass + (Rate of incoming salt from immobile region). At
+ (Rate of incoming salt from irrigation water). At

= Final salt mass.
(i) Initial salt mass = V).Cn(t) [V(t) = Volume of mobile water]

(i) Rate of incoming salt from immobile region = -,z () =2*2 ac (')

(__dctz(t) is negative because C,,(t +At)< C, (t ))

(iii) Rate of incoming salt from irrigation water = q.Ci

7256



' (iv) Final salt'mass = V(1+A1)Cm(t+At) B e e

- Therefore, == i- o ehe 3w
Ca(t) .
VO)Ca0)-0,.2, —22 A+ qCott =V (+A0)C,, (1+7)

dC (t)
dt

174 f(t)+Zf(r+At)} dc, ()

dt

or, V(t+Ar)C (t+At)—V )., (r) gC; At- 0,

O

>

! [V (r+Ar)C,,,(r+Ar) 7 ()C (r)] ac, ~6y.

or,

1 , '_ dé {Z 7 } {Ca _c, }
HV(‘)+ 2 HM(‘)* ;;d'.:(‘) } V) m(t)jl qC,—6, -1 ) T2 fra0) Talerar) ~ ™ ale)

2 .. Ar

de(¢)+ Coty d} -qC, 0, Z0+Z f(t+A:)} Catra)~Cati}
dt dt 2 At

Cm+ —Cmr V+ 14 Zf +Z vy, C + "Car
or, ,,(,){ &k ”}+c,,,(,){ ( Azt (r)} qc,.-a,{ 0221 m)H ol Azr ()}

or, V(,).

or,

A At
a0 by {Zf(r)+zf(r+m)} /s {Zf(r)+zf(x+~)}

_.‘q ", : : 2At - (H-N}) : Z‘At T .a(r) .

70 ) -0 (){—*V(”“)_V(;)} |

or,

Z o+ Z s Vi,
Bf {_%(—ﬂ} aft+At )+ () m(H—At)
: ' ZV(t) Cm(r) V(r+Ar) Cm(l) Bf{z f(r) '*‘Z f(t+At)}
Ar Ar 2.A1 Cato
SR S o L322

Im“l

=in
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Equations 3.2.1 and 3:2.2 give the:following matrix:-:.. - ~t =ufi v

[ i 'Ca(t+Ar)7 ) o BT I
1+ K.Af ~K.At o
< > )
0 {Zf(:)+Z f(t+Ax)} 1)
REAEYY, At J(Cofesar)
- beos L Gy
Viey— ¥ =AY Z e
’ ~. L “‘ -qu _,_{zr (:),,A,;(Héf).‘}.(f'm(t) +0f'?2f()2mf(' N)}~Ca(1)-1
S o 322
att=0,
_ - rCa(A‘)~ - Ca(o) -
1+ KAt -KA
< > =
{Zf ©) +Zf(Al)} o) {ZV(O) —V(Ar)} {Zf(o) +Z f(At)}
_0 - oYY, N | _Cm{At)J -qC f +—————Ar Cm(o) +0; By Ve C a(o)J
att=At,
_ ] T Cay B}
1+KAs : ~KA
o f=
Crw 2w} Y P~} 00+ 2 00}
KAy a Coomy| |96+ oty 40, LI, _
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Therefore the equation 3.2.3 can be generalized as: -

C,(nAr)) -

e 11 7]

Crlnar)

where
1+ KAt . -KAr|

Ll _

[ } 0 {Zf(n—le)+Zf(nA')} V(n_—_lm
/.

L 2As At

[ Vg s, ¥ ) Z o)}
9C; +— L C e ) 40 o c

1. 59



3.2.4 Salt Balance, When the Saturation Front has Crossed the Reservoir

RUSR SRS ANTNEE o BRI A

Adsorbed Water

{(immobile)-: .
I

N
HEASSINORE NS St BO-OF
o

Fota

LN

Free Water

RN I S

/ s{Mobile) 2w
_ ‘.

oo e
& K(C. -C_.) [\ Thoroughly }
i ~ Lol ;- t
( a(t) m(t)) : Mixed | :
o g Resenmr
2. AF
o
. e e . - ~ = I s N~ AF e ~ ot v~
e D) ',ﬁ: PRI R o %‘1 REESAS IS By non WL {y A AT S ,_:":‘;*;-Z;}g. Qd i?)in
C, is the salt concentration of effiuent -
SOTRTL s LAt e
e T
. N 7. USSP U
Fig. 3.2.2
soideinfioont pas D00 0 = D) e T tnniing wnetennyt it aenmaty, 2y 4
Lot et BA SV B BOF TR 1 SRS T TR SRR T35 PRIt LI LS M TEt ot SUSRE USRI E Y

Chln=

<

- ety 51 Whencreservoir-is filled; salt balance inthe:mobile region is givenb;

P PR N
35‘(‘.!,1 ot .

s

[T+K At

S

Ly a e i EN
X f 1S

KA

* " “Equation

equation 3.2.5, we get

6,2

V =27,.(0s - 6)

i e
o)

g

T ennr iy an l

Ar-g ~_Cm(r)-At = VCm(t+At) ‘

or, V,Cm('+m)=(V—q.At)Cm(t)+q.C’ At-8 leﬁi%*_ﬁ@_)}m LR IAT

T
PRran

= 7 T 3 -
et Sl
f e iz ooy fiavony et hven
OLACNE 10 T oi D
!

b PP 0N ey oS amivanisd 20y snt (D
~GANC) +4.Cr-A 0, Z,Cop
5 R L S T CLARE
R ] T S L PRTY SR ST AR PRSI T O 3 S
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4 by baislnnl oo a0 st oato slish ¢ rasaes T
3.2.1" will ‘also "be valid here: Therefore, ' combining “it with
AR DN, 30 0 nrenE s
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Generalizing the equation 3.2.6 for time steps t =0, At, 2At ....... (m-1)At,

we get the. equauon,
1+KA KA (Cupa) fe Cfmin) =~ ]
S | [NV B PP o
02 2V |\ Cotoa) | a0 v 4 € 40,2 )

The time wﬂll;ecounted from the point when the saturation front has
crossed the reservoir. The 'Eonééi‘ni"ation cen be known after the applied water is fully
infiltered, by knowmg the mﬁltratlon time from equation 3.1.5 or 3.1.7, as the case
may be, putting W = Zf(es 61) where Z{ is the depth of saturation front. Now, we
wﬂltakeanexample e o
3.2.4 EXAMPLE PR

Let us assume initial m(;le;n;e ;ontent of soil 6; = 0.290 and the moisture is
at field capacity. The moisture content at saturation 6s = 0.485. The hydraulic
conductivity of soil Ks = 0:0288 ' m/hout. Let us assume that the depth of problamatic
soil Z=1.0 m. The mass transfer coefﬁment K 0.2 per, day Fresh water is applied
and the depth of apphed Water O 50 m, |
3.24.1 CALCULATION g e
(1) When the Saturatlon Front has not Crossed the Reservoir

Water mﬁltered V(ﬂ At ‘and mﬁltranon tune is calculated using equation
_3 1.5 that are displayed m first and second column of T able 3 2.1. At is calculated
takmg d1ﬁ'erences of consecutlve hmes and shown in th1rd column of the table.
. I'HProgresswe depth of. saturauon front is caiculated d1v1d1ng V(n A by (65 6, =0.195
\andshownmthefomthcolumn o s SR

Comparing equatlons 3 24 and X, the elements of the mamx are
calculated as below:

E A=1+KAt
B=-KN , T

0 iZf rin) V2 £ ﬂAf)}
I 2.Af

C=

.61
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Table3.2.1

Vi an)|Time t|A |2 r6an A B c D [E-|"F € =@ -G

0.005 | 0.002] 0.002]0.0256]1.000014]-1E-05] 2.133] 4E-06] 10 | 21.326| 8.76239 | 9.999982

0.01 | 0.007] 0.005| 0.0513]1.000043} -4E-05 2.163}0.9697 - 10:.]21.633 | 0.000955 | 9.999554

0.015 | 0.015] 0.008| 0.0769| 1.00007 |-7E-05] 2.197] 1.1818 9.9996 21.97 | 0.001782 | 9.998852

0.02 | 0.027] 0.012] 0.1026| 1.000097| -1E-04| 2.231| 1.2859] 9.9989] 22.311 | 0.002867 | 9.997884

0.025 |-0.042| 0:015{ 0.1282} 1.000123] -1E-04 | 2.265] 1.3541] 9.9979} 22.653 | 0.0042 | 9.996659

0.03 0.06] 0.018] 0.1538|1.000148]-1E-04|  2.3] 1.4058] 9.9967 { 22.995 | 0.005772 | 9.995185

2] [0.035:]:+.0.08] -0.021|.0:1795{1.000172] -2E-04 |- 2.334] 1.4488.9:9952|. 23.338 | 0.007575 | 9.993469

0.04 | 0.104| 0.024| 0.2051| 1.000195 -2E-04| 2.369| 1.4865| 9.9935| 23.681 | 0.009601 | 9.991518

. -[[0:045" -0.13| 0.026] 0:2308] 1.000218 -2E-04|'2.403] 1.5208] 9.9915]°24.:023 | 0.011843 | 9.98934

.0.05. {..0.159|. 0.029] 0.2564]1.000241] -2E-04 | .2.438] 1.55289.98931,24.366 .| 0.014292 | 9.986941

0.055 | 0.191] 0.032[ 0.2821]1.000262| -3E-04| 2.472] 1.583 | 9.9869 24.708 ] 0.016944 | 9.984328

1{:0.06 -] 0:225] 0.034] 0:3077] 1.000283.-3E-04 } '2.506}:1.6121].9.9843 :.25.05-.] 0.019789 | 9.981507

~0.065 0.261)| 0.037] 0.3333;1.000304]-3E-04| 2.541] 1.6402] 9.9815] 25.392 | 0.022823 | 9.978484

<[ 0.07°] 7 0:3] 0.030] "0:359] 1000324 -3E-04] '2.575] 1:6676] 9.9785| 25.733 | 0.026038 | 9.975266

0.075 | 0.342] 0.041] 0.3846] 1.000343|-3E-04! 2.61}1.6944(9.9753].26.075 | .0.02943 | 9.971856

0.08 { 0.385{ 0.044| 0.4103] 1.000362|-4E-04 | 2.644| 1.7207]9.9719] 26.416 | 0.032991 | 9.968262

0.085 | 0.431] 0.046] 0.4359) 1.00038 |-4E-04] 2.679] 1.7466]9.9683] 26.756 { 0.036717 | 9.964488

0.09 | 0.479| 0.048} 0.4615] 1.000398| -4E-04 | 2.713] 1.7723}.9.9645] .27.097 { 0.040603 | 9.960539

0.095 | 0.529| 0.05] 0.4872]1.000416| -4E-04 | 2.748] 1.7976]9.9605| 27.437 | 0.044643 | 9.95642

0.1 | 0.581] 0.052] 0.5128] 1.000433| -4E-04] 2.782] 1.8228] 9.9564 | 27.777 | 0.048832 | 9.952136

0.105 | 0.635] 0.054] 0.5385] 1.000449 -4E-04| 2.817] 1.8477]9.9521| 28.117 | 0.053165 | 9.947692

0.11 ) 0.891| 0.056] 0.5641] 1.000465|-5E-04 | 2.851] 1.8725] 9.9477 | 28.457 | 0.057639 | 9.943091

0.115.{ 0.749] 0.058| 0.5897} 1.000481-5E-04 | 2.886] 1.8972] 9.9431] 28.796 | 0.062248 | 9.938338

0.12. .}. 0.809| 0.06] 0.6154| 1.000497) -5E-04 | 2.92]1.9217]9.9383|. 29.135 | 0.066988 | 9.933438

"[0.125 | 0.871] 0.062] "0.641 1.000512]-5E-04 | '2.955]'1.9461] 9.9334 | 29.474 | 0.071855 | 9.928393

0.13 | 0.934] 0.083] 0.6667|1.000527-5E-04 { 2.989|1.9704}9.9284 | 29.812 | 0.076845 { 9.923209

0.135 1| 0.065| 0.6923] 1.000541| -5E-04 | 3.023| 1.9947]9.9232| 30.15 | 0.081955 | 9.917888

0.14 | 1.066| 0.067]| 0.7179] 1.000555} -6E-04 ] 3.058]2.0188]9.9179| 30.488 | 0.087179 | 9.912435

0.145 1:135 0.069] 0.74364 1.000569| -6E-04] 3.092} 2.0429] 8.9124| 30.825 } 0.092516 | 9.906852

0.15 | 1.205{ 0.07] 0.7692| 1.000582| -6E-04 | 3.127] 2.0669] 9.9069| 31.162 | 0.097961 | 9.901144

0.155 | 1.277] 0.072} 0.7949} 1.000595| -6E-04 | 3.161|2.0909] 9.9011} 31.499 | 0.103511 | 9.895314

0.16 1.35| 0.073] 0.8205} 1.000608{ -6E-04 | 3.196{2.1148|9.8953 | 31.836 | 0.109163 | 9.885364

0.165 | 1.425| 0.075] 0.8462] 1.000621}-6E-04]| 3.23}2.1387]9.8894| 32.172 | 0.114913 | 9.883299

0.17 | 1.501] 0.076] 0.8718] 1.000633] -6E-04 | 3.265] 2.1625] 9.8833{ 32.508 | 0.120758 | 9.87712

0.175 | 1.579] 0.078| 0.8974} 1.000645| -6E-04| 3.299} 2.1863] 9.8771| 32.844 | 0.126697 | 9.870832

0.18 | 1.658| 0.079] 0.9231]1.000657| -7E-04| 3.334] 2.2101] 9.8708| 33.179 | 0.132724 | 9.864436

0.185 | 1.739] 0.081] 0.9487]1.000669| -7E-04| 3.368| 2.2338] 9.8644 | 33.514 | 0.138839 | 9.857936

0.19 | 1.821| 0.082} 0.9744} 1.00068 {-7E-04| 3.403]{2.2575} 9.8579{ 33.849 | 0.145037 | 9.851334

0.195 | 1.904} 0.083 1]1.0006911-7E-04 | 3.437]2.2812] 9.8513| 34.183 | 0.151317 | 9.844633



: (2) When the ‘Saturation Front has Crossed tlle Rwervolr
: The calculattons are made using equatlon 32, 7 and the results are found as

’ below:

Cm (n At) =0. 328791 and Ca(n & = 9 312389 ‘The calculatlons are shown

' inTable3.22.

' -‘,‘ Table 3._2:2_' :

2 [Time, t (hrs.).|-

D7 |-

o (mihr)_

A (i B

. E

F

C iz ar) T arGr 2e) ||

0.2

1.98856496}

0.088565;

0.100575

1.0007385] -0.000735

9.844633

2.883103

0.1549

9.837515

0.21

-2.07445808,

0.085893)

. 0.098821).

1.000713 "-0.000713

9.837515

2.881787,

0.158498

9.83062)

. 0.21

2.16161497|:0.08715

0.09715

1.000723. -0.000723,

9.83062

2.880445|

0.16201

9.823631

0.224

2.25001125

-0.088396 .-

0.095555

1.000734 -0.000734

'9.823631

2.879076

0.165523]

9.81655

0.22

2.33962324| .0.089612

0.094032

_1.000744] -0.000744]

9.81655

2.877682|

0.169034

9.80938

- 0.23

2.43042794 0.090805

0:092576;

1.000754) -0.000754] -

9.80938;

2.876261

0.17254]

9.802122

0.23

~2.52240299

0.091975

0.091183

1:000763}- -0.000763

9.802122,

2.874814

0.17604

9.794779

(- 0.2

-2.61552665

0.093124

0.089848

1.000773°-0.000773

9.794779

2:873341

0.17953

9.787353

T 0.2

270977779

0.094251

" 0.088568

*.1.000782,

--0.000782

9.787353

2.871842

0.18301

9.779846

0.25

2.80513585 0.095358

0.08734l.

1.000791[ -0.000791

9.779846

2.870318

0.186476

9.772259

0.25

2.90158082| 0.096445

0.08616

1.0008  -0.0008

9.772259

2.868768

0.189928

9.764594,

0.26

2.99909325 0.097512

0.085026

1.000808 -0.000809

9.764594

2.867194

0.193364

9.756854

0.26)

3.09765418 0.098561

0.083934

1.000818 -0.000818

9.756854|

2.865594

0.196782

9.74904

0.27

3.19724518 0.099591

0.082884;

1.000827| -0.000827]

9.749

2.86397

0.200181

9.741153

0.27]

3.29784828 0.100603

0.081872

1.000835 -0.000835

9.741153

2.862321

0.20356|

9.733196

0.28

3.39944597| 0.101598

0.080896

1.000843 -0.000843

9.7331

2.860648

0.206917

9.725169

0.28,

3.50202123 0.102575,

0.079954

1.000851] -0.000851

9.725169)

2.858951

0.210251

9.717076

0.29

3.60555742| 0.103536

0.079045

1.000859 -0.000859

9.717076)

2.85723| 0.213562

9.708916

0.29

3.71003836] 0.104481

0.078166

1.000867]

-0.000867] 9.708916] 2.855486

| 0.216849

9.700691

0.3

3.81544827| 0.10541

0.077317

1.000875_-0.000875

9.700691

2.8563719

0.220111

9.692404

0.3

3.92177174| 0.106323

0.0764%6

1.000882 -0.000882,

9.692

2.851929

0.223346

9.684055

0.31

4.02899376 0.107222|

0.075701

1.00089_ -0.00089;

9.684055

2.850116

0.22655

9.675646

0.31

4.13709969 0.108106

0.074932

1.000897] -0.000897]

9.675646

2.84828

0.229737|

9.667178

0.32

4.24607523 0.108976

0.074186

1.000904] -0.000904]

9.667178

2.846423

0.232892

9.658652)

0.32

4.35590643 0.109831

0.073463

1.000912 -0.000912

9.658652

2.844544

0.236018

9.650071

0.33

4.46657968 0.110673

0.072763

1.000919 -0.000919

9.650071

2.842643

0.239116

9.64143

0.33

4.57808169 0.111502

0.072083

1.000925 -0.000925

9.6414

2.840722

0.242185

9.632743

0.34

4.69039946| 0.112318

0.071422

1.000932 -0.000932

9.632743

2.838779

0.245224

9.624

0.34)

4.80352033 0.113121

0.070781

1.000939 -0.000939

9.62

2.836815

0.248235

9.615205;

0.35

4.91743191 0.113912

0.070159

1.000945 -0.000945

9.615205

2.834831

0.251215

9.60636)

0.35

5.0321221| 0.11469

0.069553

1.000952 -0.000952;

9.60636

2.832827|

0.254166

9.507466|

0.36

5.14757907 0.115457|

0.068964;

1.000958 -0.000958

9.597466

2.830804

0.257086

9.588524)

0.36

5.26379126 0.116212

0.068392

1.000965 -0.000965

9.58862

2.82876

0.25997i

9.579535|

0.37]

5.38074738 0.116956]

0.067834|

1.000971{ -0.000971

9.579535

2.826698

0.262836;

9.570499|

0.37]

5.49843639 0.117689

0.067292

1.000977] -0.000977]

9.57049

2.824616

0.265665

9.561419

0.38

5.61684747| 0.118411

0.066763

1.000983 -0.000983

9.561419

2.822516

0.268464

9.552295]

0.38]

5.73597006 0.119123

0.066249

1.00098¢9 -0.00098¢

9.552295

2.820397

0.271233

9.54312
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0.39

5.85579383) 0.119824]-

0.065747

4.000995

-0.000995

9.543127

2.818261

0.273971

9.533918

0.39

5.97630866 0.120515|

0.065258

1.001

-0.001

9.533918]

2.816106

0.276679

9.524668

0.4

'6.09750467|

0.121196,

0.064781

1.001006

*-0.001008}

9.524668

2.813934

0.279356

9.515377

0.4

6.21937216

0.121867]

0.064315

1.001012

-0.001012

9.515377]

2.811744

0.282003

9.506047

0.41

6.34190167

0.12253]

0.063861

1.001017]

-0.001017

9.506047|

2.809538

0.28462

9.496678

0.41

6.4650839

0.123182) -

0.063418

1.001022)

-0.001022

'9.496678

2.807314

0.287206

9.487272

0.42

6.58890977|

0.123826

0.062985

1.001028

-0.001028

9.487272

2.805074

0.289763

9.477829

0.42

6.7133704

0.124461

0.062562

1.001033

-0.001033

9.477829

2.802818

0.29229

9.46835

0.43

6.83845705

0.125087

0.062149

1.001038

-0.001038

9.46835

2.800546

0.294787

9.458835

0.43

6.96416121

0.125704

0.061745

1.001043,

-0.001043

9.45883%

2.798258

0.297254)

9.449287|

0.44

7.0904745

0.126313

0.06135

1.001048,

-0.001048

9.449287|

2.795954

0.299692

9.439704,

0.44

7.21738873]

0.126914

0.060964

1.001053

-0.001053

9.4397

2.793635

0.3021

9.430088]

0.45

7.34489588,

0.127507

0.060586

1.001058;

-0.001058;

9.430089

2.791302

0.30448,

9.420441

0.45

7.47298807

0.128092

0.060217]

1.001063

-0.001063

9.420441

2.788953

~0.30683

9.410762

0.46

7.60165758

0.12867].

0.059855

.1.001068

.-0.001068

9.410762

2.78659

0.309152

9.401053

0.46

7.73089687]

0.129239

*0.059502

-1.001073

-0.001073

9.401053

2.784213

- 0.311446

9.391313

0.47]

.7.86069851

0.129802

0.059155

-1.001077

=0.001077]

9.391313

2.781821

- 0.313711

9.381

0.47-

7.99105522

-0.130357]

0.058816

'1.001082

~-0.001082

'9.381544)

2.779416

0.315947

0.371746

0.48

8.1219599

0.130905,

0.058483

1.001087]

.-0.001087]

9.371746

2.776997

. 0.318156,

9.361919

0.48].

8.253405652]

0.131446]

0.058158

4.001091

"-0.001091

9.361919

2.774565

0.320338

9.352066

0.49

8.38538525]

0.13198"

0.057839

.1.001095

*-0.001095

9.352066

2.77212

- 0.322492

9.342185,

0:49

.8.51789233

0.132507

-0.057526,

1.0011

. 1-0.0011

.9.342185

- 2.769661

0.324619

9.332279

0.5

8:65092018,

."0.133028)

0.057219

1.001104] .-0.001104;

9.332279

.2.767191

0.326718

9.322346

0.5

1.001108,

0.328791

9.312389

- 8.7844623

0.133542

0.056919

¢
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.9.322346

2.764707
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Now, suppose afier stopping the water supply, the water content of the soil
remains higher than the field capacity for ten days. The soil is left for exchange of salt

| concentrations from 1mmobile reglon to mobile : reglon q wﬂl be zero and equatxon
; 327w1ﬂbechangedt0 5 A ey LA Tl

i yemonan

: 1+ K.At - —KACopuar) ) | - Cafrmin _
j . _ |- - : = ‘

. "eyfz '_ v Cm(m) - ch_w)wfzc a(,.—_m)
.. TE MakmgAt lday““K 02 perday - R

B FA-12 R .

. B=02" N TP
: €=029 T LT
| D=019s- . Lo
; E= C'“_&) S o o 3
F= 6.195.Cm(EN;+0.29.C0 n_;N) ] ; ) ;

The calculations are shown in Table 3.2.2 and the results are found; as

below:

- Caicaey =5:605684 -~ -
Ca(uaty=5.76155

N (Table3.2.3 i

S LT Tl S TR TR TR o S L SOS N &

chart 3.2.1

SFIrs

Exchange in Salt Conoentratlons _for ten days

52 T s

AR

\_n\

© oo

—

E-

iE

|

4>

C nGand|C

S, alasid]

9.312389

2764707

-

12113205

~8.112525

S 21 8:4125625

-2.764707

'
.
-1

. ;’.‘3-'304_853

7.311246

2.764708

4.100646

6.776146

1 ['6.776146

~
~

1 2.764708] © -

<

“4.632083|:

6.418802] ¢

6.4188021-

2.764709) . -

|..4.986982

6.180166

6.180166]

2.76471

b
1

N
'

175223987

6.020803|"

6.020803

2.76471

5.382262

5.914379

1311246z, o Doy,

5.914379

2.764711

5.487959

5.843309

5.843309

2.764712

o|o|~jo|osfwin

5.558546

5.795849

5.795849

2.764712

ey
o

5.605684

5.764155

The variations in salt concentrations during these ten days are shown in

. 66



Salt Concentrations

The red curve is Ca(nmand the blue curvelsCm(nAt)

Chart 3 2 1 shows that the rate of mcrease 1n salt concentratlon of C,(nAt)

is more than the 1ate. of decrease in. the concentratlon of Cm(nAt) This is because the
volume of the lmmoblle water 1s more than the volume of moblle water Letus havea
test checking takmg Bs = 0 40 and ;= 0 20 s0 that‘ VOlume in both regions equal the

calculation is made and the result 1s dlsplayed n Chart 3:2. 1 a~- - -

67



o o wr/Chart3.2.1.a:Exchange of salt in same-

L]
S I L L R T o e o LE propprtlon o lEIeES TeEorlooe
. .. '3 vt SR ey S . j‘__',"‘ - - - 4 Nt

\
\
i

}: “ Db dreitdt
-~ B PR T S $ . Faat P R S P
3 USFERVINICERNY § FRCTE DR GRS S IR IS S P ST R ORI DUy LL& 4]
9 = —
. . % - >
LT P} e Sy e e e e e s 4 I
a8 = »
88 £ .
€ 5 = ' Cm
8 4 ==
= - oo Ca
g e - — N
:;: < "'0-\3 ) zi - o ';!
= -
= ,
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172]

O =N
&1

o
(4,

10 16
Days

It is clear from Chart 3.2.1 a that C, and C,, both are converging to a
middle value.

Now let us see the variation in the rate of exchange and the difference in
concentrations with time. The result:is shown in Chart 3.2.1 b conforming to Table

- -~ Do e -
i Soolee ey

3.2.3. SHO IR NG e o

Y
b

of Exchan

© = N w al

Concentration Difference/Rate

2068



Now, “agaifi after applymgOSO .- water-and ﬁeﬁé;ﬁng the exchange
during the time when Teservoir - is Béing ﬁlled because the difference in salt
concentrations in mobile and immobile regions is negligible, and taking average q as
0.06 m/hr., Equation 3.2.7 shall be applied and the result is found as below after
leaching:

Cm=0.593083

C.=5.538464 T e :

The calculauons are shown i in Table 3.2.4 and the: salt concemratlons after
leaching are displayed on Chart 3.2.2 ' ‘

R T ’
[ S R PR

7 Table324 - .

Reduction in Salt Concentrations

n
Z

| n At

q=

F

Cn(nAl)C

ae 41)

hrs.

m/hr.

€ aG=Tat)

c_‘m' 1A f) B

Cm

Ca

0.06

5.764155

5.605684

2.428372

3.903637

5.74884

0.06

5.74884

3.903637

2.194155

2.739362

5.724067

0.06

5.724067

2.739362

2.029793

1.942773

5.69294

0.06

5.69294

1.942773

1.913227

1.397582

5.657582

0.06

5.657582

1.397582

1.829372

1.024278

5619443

0.06

5.618443

1.024278

1.767916

0.768501

-5.579511

NI O[S OIN |-

0.06

5.579511

0.768501

HiNo oSN

2,69

1.721806

0.593083"

5.538464| .
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Chart 3.2.2: Leaching of Salt

Salt
Concentration

3

ol ~ Time, t(hours). ~ 5
g e S e wE
5D - o h e = :‘j b
——— - - -~ :‘:‘. ;J
3 o i > o

4 5 6

’*\

_ Now, again the soil is left for exchange for ten days and the result of
exchange after ten days is found as below:
it 201 i Cm(a Ay T3AYIOL o s gse&::-.#ﬁ-.;!
Ca(nat)=3.585197
The calculations are:shown:in: Tablez3:2.5 rand  the exchange of salt

.A."{\."';. .JJ‘

TRyt BD

Prevs iy o
Ly il 2

~ concentrations are displayed in Chart 3.2.3., ELDFLE S = L T

vl b mioe s s ey i o U R al T ) trem g sy En mas e
3 ¢ L e BT R PRTIR PR EARR P td =R
. S, TR L T B S SC-SE FUTS FONECEPUL SR S PR Poalins poT
'{ b 7 .‘{f - " é{.’ﬁ i i
Table 3.2.5
Exchange in Salt Concentrations for ten days
ke I mGaadC alrae)
E " EF soiDay A s Omy ¢ Ca
.| 5.538464} 1721806] 1 | 1.575386| 4.877951]
v 4877951) 1.721806] 2 | 2.231376| 4.438855) -

4:436855|

1.721806] -

'4.142288

1.721807) "

1 2.962003

:3.945574}

: 3.814207}

’5'1_ 721807] -

3.726479)

i- 3374969

- 3.667894|

3.628771]..

74| 1721800579

| 3.600644

44" 1.721808], =10 _

1}/.3.585197}
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i

[

T I S ’ Chart 3.2.3: Exchange in Salt
' DR Concentratcon

ONBO

Salt
Concentratio
n .

Now, again the leaching of salt is made witli'0.50 m. water and the result

i
-

is found as below:
e U0 Gy A y=10.369685% - (sayy 0.37) 4
Ca(nat)=3.445003 (say, 3:45) - - o s ar
The calculations are shown in Table 3.2.6 and the result is displayed in
Chart 3.2.4. At this stage, we get the total salt concnfration as 3.82 m mhos/ cm.
which is in safe limit i.e. less than 40 m mhos/ cm. Thus the total leaching

requirement comes out to 1.50 m,

CTTNTTT U Tabe32e T “'"
I Reducbon in SaltConoentratJons__v R
ioE L ~3f:F* ' :.,(”,) «C=ar)
aeTa)CmweTa)l.. - . -Cm Ca

-11- 0.06[::3.585197| 3.497961] 1.511932( 2:435739| 3.575735

2|- 0.08{:3:575735| 2.435739| 1.365788(,1.709133( 3.56037
. 3| 0.06] . 3:56037| 1.709133| - 1.26324|.1:211995| 3.541039
" 4]0.06] 3:541039] 1.211995] 1.190521{-0:871752 | 3.519066
=73

6

7

-:5) . 0.06]. 3:519066] 0.871752| 1.138216{ 0.638781 | 3.495356
5 0.06] .3.495356| 0.638781} 1:099889] 0.479158 | 3.470528

7] 0.06] 3.470528] 0.479156] 1.071139] 0.369685 | 3445003

] [0 (] ENTEIE] P ol
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3.2.5 APPLICATION IN SODIC SOIL . o
Introduction T

The reclamation of sodic soil requires dlsplacement of Na'" from the
exchange complex and leaching of djsplaced Na . An adequate drainage is required
for efficient leaching and” amendment of gypsum is required so that the divalent
cations Ca™* displace the Na*. =~

When gypsum is appl—ié-tii;zti‘s; an gnlxendmen_t, two processes are involved:

| 1. Solubility of gypsum in water

2. Cation Exchange Reaction

As far as solubility of gypsum is concemed, if it is fresh water, the
solubility is 100%. If it is saline water, solubility is increased. The details of solubility
of gypsum is shown on Appendix-II.

With respect to the rate of Cation Exchange Reaction it may be stated that
at least under favourable conditions, this rate is very high ( half-time of reaction is a
matter of minutes or even less ) - (Bolt, G.H.)

We may therefore assume that the two processes are instanteneous.

The total amount of cations held exchangeably by a unit mass (weight) of
soil is termed the Cation Exchange Capacity of the soil, CEC. Out of it, the
percentage of sodium exchangeable is termed as Exchangeable Sodium Percentage,
ESP. The gupsum requirement is based on the ESP. Suppose ESP = 30 and
CEC = 100. The target would be to reduce ESP to 10 that is in safe limit. Then the

(30-10)x100

Exchangeable Sodium will be =20mol/ Kg of soil. Based on this

exchangeable sodium, the gypsum requirement is calculatad ( Appendix-I ). This
means the gypsum so calculated would release 20 mol of Na' per Kg of soil that has
to be leached out.
Statement of the Problem

The salt present in the immobile region includes the adsorbed salt as well
as free salt, that is in liquid phase. As stated above, the gypsum requirement is
calculated as per Appendix-I and the concentration of adsorbed salt, the portion that
has to be leached out, can be calculated and adding with the concentration of free salt
present in the immobile region will give the total salt concentration. Since the
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concentration of adsorbed salt is in mol per unit weight and that of free salt in liquid
phase is in mol per unit volume,

Total Concentration = p.Cygs + 01.Cy

Where, Caqys is the adsorbed salt concentration.

p is the bulk density of soil.
G, is the salt concentration in liquid phase.

When gypsum is applied in three phases, one third in each phase, only one
third of adsorbed salt concentration will be taken into account for calculation. And the
gypsum applied in each phase shall be counted as salt concentration in the mobile
region. As done in the previous section, the salt concentration after leaching can be
assessed and the leaching requirement can be known.

Some Important Conversions & Relationships
1 mmhos cm™? (cgs unit) =1 dS m’! (SI unit)
1 meq/litre = 12 mmhos cm™ at 25° C
where, meq/litre is the concentration (C) of soil solution
and mmhos cm! is the Electrical Conductivity (EC) of soil solution.
EC (dS m™)x 10 = C (mmol, L") [sum of dissolved cation (or anion) charge]
EC (dS m™) x 640 = Total Dissolved Salt (mg L")
EC (dS m™) x 0.40 = 74 (bars) [osmotic pressure at 25° C]
Concentration in mg/litre = Equivalent Weight x Concentration in meq/litre
Equivalent Weight of Na=23, Mg=12 & Ca=20
3.2.6 LIMITATIONS

This model assumes uniform concentration throughout the depth where as
the salt concentration varies with depth. However, for the small depth, this
mathematical model can fit well. In general, the top 0.25 to 0.30 m layer of soil
becomes sodic and exhibits the bad structure.
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______ -.The most, 1mportant phenomenon takmg nto. the sorl ‘matrix is that cation
exchange makes it possible that ions, that are brought into the system via the solution
.-, phase,. are retained. ,byu-the soil ,(e.g. K-ions . from :fertilizer. salts,, .NH4-10ns ,ﬁ'om
. :'»szhl.?.h were held qrag.mal_l_y bytbs sqhd,rphnase are e&@hanged :anstteleased !n,tq!hasoﬂ
«-Solution. .As a,rule the-adsorption; of cations.is a beneficial characteristic. of. the soil
¢ System. that prov1de nuetnents to; the: crops.- At the same - tlme unwanted po]lutmg
. cations may, ,be retained. in. the soil instead of bemg passed on. to.the groundwater '
However, excessive adsorption of unwanted cations,could, disturb the soil system.as a
biotope. The adsorption of Na-ions is the special case herg.in the present topic: ..
. Therefore, .when sodic land is reclaimed, the salt goes into the groundwater
and we are bound to compromrse wrth the groundwater quality, Keeping this, in mind,
the reclamanon is made only-upto, the extent that SAR of the soil may get.reduced to

rn10. that is. tolerable On the other hand, every. effort is, made 10, have . proper drainage so

- thatthe saltmay,not go.into, the, groundwater C e e o

% g While Teclamation is done in. 2 w1de areg, there should, be momtormg of its
_ ,1mpact on ground .water. quality.. A- study 1s presented here that is, based on [he report
. .of Remote Sensing Apphcatlon Centre, Uttar, Pradesh Lucknow b PR 1 Lava
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T The Envrronment Management Plan of U.P, Sodrc Land Reclamatlon Project
.J_.\,envrs,ages a,eontmuou_s,momtonng of gro_und“.water.} and .surface ,water._ to study the
. .effect.of reclamation process on, the  quality .of water. Ground water, studres have.two
-icomponents one general grmmd water momtonng and the other detatled .ground water

: momtormg Thls s report deals with-the.detailed;ground Water momtonng components.
Under this components of study, two ptezometer clusters comprising a total of
10 piezometers at each site have been constructed at Hardoi and Raebareli in 1995 &

1996 respectively at varing depths in Phase -1. Deepest piezometer is centrally located



and a Automatic Water Level Récorder(AWLR) was installed in 1996 for continuous
watet level monitoring:at both sides, Piezometers were-constructed at depths of 2, 4,
6,8, 10 12, 18,24,30 and 32 m bgl.

Location of one Plezometer, elgs_ter m Hard01 reclamation has been constructed
in village Ramaiwa of Sandila block Other p1ezometer cluster site is located at v1llage
Baikhara (Chandu Ka Purwa), block of Amawan of Raebareli district: " " * SRR

" Hardoi reclamation area, p1ezometer cluster was constructed in October,

1995 and' Au‘taﬁ'xaﬁc' ~‘ Wat’éf*'lié\iel'- Recbrder’- ~(A-WLR") -rwas:ainstauéd- ‘-iif"fdeépest

.....

* installed “in““Deéceniber” 1996 “In ‘Phase-II,-'-— under -Detmled “water-‘momtonng

" :componeiits,” three ‘piczommieter clisters”have beéii ‘constricted in village *Alrithoo,
- Pratapgarh, village Khatrd Nagla: Manipiiri-aiid villdge Barhin, -Aur%iiy’zi"&iis‘tﬁl:’té"’l‘he
" gach clustet-consists of 4 plezometers itistalled at thé: depth of 35,10 and 15'm bgl

- - 4:3-Assessment of Ground Water e o -
4.3.1 Ground Water Level - "~ -

U In the! recidmation” year - 2000, the’ ground ‘water quahty level and quality

"' ‘momtormg was madé thnce in the year e pre monsoon; post monsoon and post rabi

v'r‘

as: 5.50-5.60 m bgl at Barhin, 3.70-3.90 m’ ‘bgl-at Kharra Nagla «and 065 mibgl at
4" Ainthod whereas during post morisoon period watét 16vél fécordéd at Barhin s 5.10-
520t bel, 4 Kharra Nagla 3710 0'3.20 1 bgl-and at Alinthoo 0.50 o bl The Water
level is measured during’ post-rabi period (Maréh, 2002) ‘are: at Baihin 490:5.10 m
bgl and at Kharra Nagla 3.20 m bgl and at Ainthoo 0:65-0.70" 1 bigl: “The ‘seasonal
i “trend of water leve] shows résponse to'the precipitation received during the year 2002
i thi tespettive” drekis. The Watef 1évels ‘recorded “in 'Kharrd Nagla ehiister ‘show
- potential water” 1ogged “conditiors: ‘Ti ‘Pratapgarh cluster sife water-level I8 "very
““hallow ranging bélow ‘1,00 m' bl in ‘all* the thites’ perids: ‘Relevint” clieifiical
* -parameters analysed are glven in Table 4 2 “The data for Phiase-I'is- also ‘SHown in
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.. 4.3.2,Ground Water: quahty Tryee SHRLISID WU0HLA .E’.‘-,'j JW B Th
Gils gr v Depth-vvlse varation in.different. chemlcal parameters are asifollows<zcisizz
i.  pH ranges from 7.2 to 8.9 during pre monsoon period with maximum
el i 1z hat:deeper depthrof 10.60:m: Inpost amg_ns’d_!on period; pH ranged from
7.9 to 8.8 and during post rabi period, pH was found;ranging: from 8.2
to 10.0 with highest 10.0 at middle depth of 10.60 m at Kharra Nagla
(Manipuri). pH shows increasing trend with depth upto 11 m and than
again show decreasing trend upto the deepest depth of 3.2 m.
ii. EC values generally range 490 to 4960 uS/cm during pre monsoon.
The highest values of 4960 pS/cm and 3690 uS/cm found in the cluster
site of Kharra Nagla (Manipuri) whereas in other four cluster sites EC
ranges below 750 pS/cm. During post monsoon 2002 EC values
ranged from 413 to 1290 uS/cm and in the post rabi it ranged from 382
to 1375 pS/cm. EC values generally show decreasing trend with depth.
iii. SOy concentration is highest (750 meq/1) at 6.00 m depth and shows
decreasing trend with depth at few places and/or no definite trend in
clay lithosection possibly of very poor hydraulic conductivity.
iv. HCOj; ranges between 1.60 to 21.80 meq/1 with highest value at 6.00 m
depth in the clayey zone.
v.  RSC values range from negative to 2.17 meq/l being highest at deeper
depth.

4.3.3 ASSESSMENT OF GROUND WATER QUALITY FOR IRRIGATION
AND POTABLE PURPOSES '
One of the objectives of detailed ground water monitoring is to analyse health
hazards associated with the dissolved solids. Different chemical parameters
determining quality of potable water are given in Table 2. A perusal of table shows
that concentration of different parameter found i in the study area falls well within the
permissible limits. So there is no health hazards assoclated with the dissolved sohds
Most of the values of EC, SAR falls in the C;8; class indicating moderate salinity
hazard, but samples collected during monsoon period falls in C;S; class indicates high
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salinity, which may be due to addition of salts fronﬁ ground water recharge. However,
since :they fall in C;S; category analysis shows low sodicity hazard and medium
salinity hazard. As per U.S. Salinity diagram classification. theré is no significant
deterioration in irrigation: water. quality after inception of reclamation program in the

ooarea. - -

#..2.w :The U.S: Salinity ‘diagram classifications for different district are shown
".“from Fig. 4.1 to Fig. 417 = .= ~ I L
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‘CLASSIFICATION OF THE GROUNDWATER BASED ON ELECTRICAL
CONDUCTIVITY AND SODIUM ADSORPTION. RATIO: SALINITY DIAGRAM
District :ALIGARH
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CLASSIFICATION OF THE GROUNDWATER BASED ON ELECTRICAL;
CONDUCTIVITY AND SODIUM ADSORPTION RATIO: SALINITY DIAGRAM.
District : PRATAPGARH
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CLASSIFICATION OF THE GROUNDWATER BASED ON ELECTRICAL
CONDUCTIVITY AND SODIUM ADSORPTION RATIO: SALINITY DIAGRAM
District : RAEBARELI
Electrical Conductivity In ps/Cm At25%C
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CLASSIFICATION OF THE GROUNDWATER BASED ON ELECTRICAL
CONDUCTIVITY AND SODPIUM ADSORPTION RATIO: SALINITY DIAGRAM
District : SULTANPUR
- Electrical Conductivity Inys/Cm At 25C. L
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CLASSIF!CAT!ON OF THE GROUNDWATER BASED -ON ELECTRICAL
CONDUCT!VITY AND SODIUM ADSORPTION RATIO: SALINITY DIAGRAM
“District ; - AZAMGARH
Elecmcal Comluctmty In yts/Cm A{25%C
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CLASSIFICATION OF THE GROUNDWATER BASED ON ELECTRICAL
CONDUCTIVITY AND SODIUM ADSORFTION RATIO: SALINITY DIAGRAM
District : BULANDSHAHAR:
Electrical Conductivity Inps/Cm At25%C
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'GLASSIFICATION OF THE. GROUNDWATER BASED ON ELECTRICAL
CONDUCTIVITY AND SODIUM ADSORPTION RATIO: SALINITY DIAGRAM
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CLASSIFICATION OF THE GROUNDWATER BASED ON ELECTRICAL
CONDUCTIVITY AND SODIUM ADSORPTION RATIO: SALINITY DIAGRAM
District :KANPUR
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CLASSlFICATI()N OF THE GROUNDWATER BASED.ON ELECTRICAL
CONDUCTIVITY AND SOD!UM ADSORPTION RATIO: SALINITY DIAGRAM
District : UNNAO _
Elécfrical Conductivity Inis/Cm At25%C
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CLASSIFICATION OF THE GROUNDWATER BASED ON ELECTRICAL:
CONDUCTIVITY AND SODIUM ADSORPTION RATIO: SALINITY DIAGRAM
District : HATHRAS
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) CLASSIFICATION OF THF GROUNDWATER BASED-ON ELE CTRICAL
CONDUCTIVITY AND SODIUM ADSORPTION RATIO: SALINITY DIAGRAM
District : ALLAHABAD
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CLASSIFICATION OF THE GROUNDWATER BASED ON ELECTRICAL
CONDUCTIVITY AND SODIUM ADSORPTION RATIO: SALINITY DIAGRAM
District: AURAIYA :
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CLASSIFICATION OF THE GROUNDWATER BASED ON ELECTRICAL
CONDUCTIVITY AND SODIUM ADSORPTION RATIO: SALINITY DIAGRAM
District : ETAH
Electrical Conductivify In ps/Cm At 25%C
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CLASSIFICATION OF THE GROUNDWATER BASED ON ELECTRICAL
CONDUCTIVITY AND SODIUM:ADSORPTION RATIO: SALINITY DIAGRAM
District : ETAWAH
Electrical Conducétivity. Jups/Cm At 25°C .
100 250 750 2250 4000 5000

30—
| ‘c3s4 - [C4s4 LC-SS‘#

C383 \\\\\g

Jcas3 ;\s\\\
|casz - \

|€as2

' SODIUM {ALKAL HAZARDS -~~~ * .

- i Y 1 IR A e T - T s . - -
- w a s ) P P - 5 T -
-1 ATS e, A . i ) S A e : e L 4 :
d PR TR PRI R | £ 4B g b ) : : - s .
WON TR L R Y 0 ddcdanfio ‘¢ O et - & LR sy "' Pacthrn
— - A i - - et Sy e P e - -
e ; . . . N T e PR g d .

N .
o}
aoe L v - R Y i ® iy N
SRR 1 I I ©  “ia b 44 o JC4St. OSSI
X 200 250 750 2250 4000
R N T o EC IN-iS/cm » ,

T T T3 Cqd 3
LOW  MEDIUM  M.HIGH HIGH V.HIGH
SALINITY HAZARDS

Al 'l?jéniblﬁnon ,2003
& Postmonsoon, 2003

Fig4.14



CLASSIFI(‘ATION OF THE GROUNDWATER BASED ON .ELECTRICAL
CONDUCTIVITY AND SODIUM ADSORPTION RATIO: SALINITY DIAGRAM’
District : FATEHPUR
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CLASSIFICATION OF THE: GROUNDWATER BASED-ON ELECTRICAL-
CONDUCTIVITY AND SODIUM ADSORPTION RATIO: SALINITY DIAGRAM
District : HARDOI
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CLASS[F‘CATION OF THE GROUNDWATER BASED. ON ELECTR]CAL
CONDUCTIVITY AND SODIUM ADSORPTION RATIO::SALINITY. D[ACRAM
District : MAINPURL
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Table 4.1

l:l)l;}ffAH;__ED GROUND WATER MONITORING - PHASE-]

DATABASE OF CHEMICAL ANALYSIS

R TION lN CHE‘\/HCAL PARAMETERS DURING DIFFERENT PERIOD
N INDIVIDUAL PIEZOMETER T

=5 EC co HEO, ,sa-‘. Ca Mg ‘N AR -.RSC
. uS/cm mcq/L meq/L meq/L mquL meq/L mcq/L o megll

0.69 _l_.(},_6 'séi‘ 507182
081 L0 652 685 1M
137 119 435 304 07 .
194 218 L7 084 220
25 269 LIS 070 299

- 055 302
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055 275
780 055 137
20055 165

- S O o

) 498 198 026 073 074 900 .10,‘_59 . 436

099 346 043 073 099 38t 38 130
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099 247 042 049 172 065 060 ;050

0 1274 03 234 104 391 231 43
.0 676 008 260 236 348 210 130
0 69 026 28 28 328 11 IR
052 598 LIl 286 6I 082 042 078
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106 636
053 609
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0353 397
053 397

104 182 241 202 456
286 208 122 078 168
234 260 135 08 14
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260 LS6 U6 L1712
312 234 074 045 116
260 182 069 0467 -106
286 338 048 027 037
260 260 056 035 -

742
6.62
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No;
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528
643

360

315

2.70°

292

370
- 675,
84 621 045 5405

" gs . sTs C04s. D485,
U84 612 045 -iSA(

495
5.1
541

346
727

6.76
627
s
5.61

C5.94 -

0:51 .

0.68
0,64
066
- 0.86;

Svere S g

0:38
0.12

0.41

0.09"
BURT

oS o S

004
004
- 0,06
0.06
0.08 -

038

0:71

0,60
0.55
- 0:66-

248
72,58 8. .
“0.55

550
627
583

' 605
1.65

“1.80

2.10

165
120
s, 8

2.02

148

2:29:
270
297

360
338
29
292
A, 383

L7
204
248 - 0.60

“3.30
336

1 ;92

1-87 __: -

2.0
25

150"
225
4

230
382
054

113

127

039
1.35

RAYE

0.63

£0.71

023
034
066

070

259 47

148
147

302
o9
" 096'

162 :
14
: 194 »

101

:0.09

0.03
0.30

2 W7

~0.73 "
057
I 0:56.
0.62°
0.75

04T
040 -
031
143 079

0.94
042
241

10.69
Q43

110
070

1 63

063
»0;6,7.“

2.09
237
1.19
1.64
1.45

1.38

023

041

044

0.07

1.69
1.24

1.06

.1".0.1

169
1.24.
1.0
1.06.

101

.88

0,64

210
091

-0.90

244

097

228

_‘ 0.48
108

o4
097
238
048

108




: O, €1 Mg Na SAR RSC
No; . #Slm  meg/L tm’cq_/Li“ meq/l, meq/l. ‘meq/l. meg/l _ meq/l.
"Period : March, 2000. - ) T
HRCss 84 690, 053 535 082 269 329 105 061 ¢ -0:10
WRCIE 76 682 0 637 017 269 321 087 051 047

CHFCHT 85 ST 053 459 016 195 230 147 101 087

WG 18 ST 0 484 042 2390 286 082 051 04l .

CHPC T 6T 0 535 057 234 294 091 056 007

Sample ~ pH  EC €O, HCO, $0

0 580 007 199 318 139 086 063
043 473 040 394 13 091 056 042
086 516 047 075 263 209 160 211
CCA98 0 430 02 124 271 100 7035

20083 .0 32 096 125 280 095 067 083
fober:November; 2000 : S o
S5

0 48 38 12 294 152 110 070
0 408 105 136 237 130 100 035
0. 535 001 224 217 -126 080 094
0 433 081 132 275 102 070 026
0 433 -032 147 26 139 160 013

093 255 020 102 L4 139 134 L3
046 278 026 230 082 126 - 106 042
. 370 062 255 089 088 067 026
046 255 03¢ 106 170 109 093 025
046 278 @16 LI0 159 130 L2 055

093 324 013 130 187 109 086 100
046 347 010 240 146 091 066 008
0 394 021 170 188 096 072 036
046 324 017 175 205 083 040 -0.09
046 37 019 170 196 096 071 051

3800 0350 170 270 1380 121 <023
460 050 210 230 180 121001
450 0.0 190 240 150 102 - 062
330 060 110 320 210 143 033
430 0 080 450 200 123 156

,,,,,

490
eitber, 2002. e
G455 051 404 015 132 156 144 166 120
@300 0 429 015 157 142 123 136, 1M
L 45 0 379 015 128 146 132 105 056
430 379 65 113 156 138 L0 119
420 0 404 015 123 186 108 095 - 095




Sample pﬁ EC

CO

HCO

S0,

Ca- -

Mg

Na
No. wS/em. meq/L meq/L mcq/L nicq/L. meg/L meq/L

SAR

RSC

Period 1 Post Rabi, 2003
HIPCIS 76 503
HIPCI6 75 506

- HIPC/T. T4 505
. HPCB 77 460
CHPCE. 77 467
riod's May-June, 2003
15 4
76 446
76 494
78 4
80" 463

89 T 490
85 480
85 4og
85 464
36 4

(=2~ - B~ I -

October—November, 2003

o o0 oS

4.20
440
420
3.70
3.90

3,63

3,63

363
299
3.63

430
430
2.80

o

0.43:
023
0.37
041

0.39

042

073

0:63-
0.56°
1:06

-0:20

1020

0.20:

020
0

135
172
1.64
1.44
1.34

205
098

1.97

0.85

1.83

230
230
1.40
2.20.
2.00°

202
7.95
2.35
205
217

123

L75

165
177
1.54

200

70
1.10

1.60
1350

147
1.28

109
1.02
l:.1?8v

165
156

143

135
156 \

1.00
1,00
300

1:00

0.80
0.73
0.18
0:21
0.43

0.35
0.90
0.01
037

026

069

0.69
2.68

069
0:81

meq/L.

0.40
033
0.27:
027
0.31

129

134
1.06.
1.18:
1.20

041
0:25
1.76.
-1.04
043

‘ éi‘aﬁ - Ee

CO HCO

4

Ca .

Mg'

Na.
uS/cm meq/L meq/L mequ meq[[. meq/L meq/L

RSC.

May-June, 1996
700
. 460
710
890
‘8,7.'0

- 85.0
860
840

860

-‘860

- fs;4 200
82 1100
83900

R/PC/S 84,800
RJP(‘/Q g2 1060

099

099

0

0.99.
. 099,

.-1 50

150

2,00
- 200
41 00

1.04
1.56
1.04
0.52
1.04

6.93
297
742
643

10.89.

825
- 9.00

775

520

5.72

4,68

546

S o oo o

0:32
047
020

072
0.98

0.61
6.68

034

111

6.94.

119
0.49.
344
S u10
270

0.75
0.75
1,00,
1,25
1.25

0.78
1.04
104

1.56

156

,_2:71

197

246
3.69

350
1.50
325
:2:25:

425

390
2,60
286
234
164

217
260

269

4;‘9’4

27
434

0:83
321

278

2—382
4.35

1230

283

235,

1.84°7
164"
146

1.49:
4.09

237

1.84.
322

1.64

146 .

150

150

142
130
130

5:50
.8.25
425

325

156
3,64

156
130
1.30




Sample pH EC

RSC

RIPCIY 87 62

CO, HCO, SO, Ca Mg Na SAR

No. pSm  meg/L meq/l meq/l meq/. meq/l. meg/l. meg/L

Period : March, 1997

RIPC/S 88 712 053 680 020 156 416 152 089 170

RIPCIG 88 743 053 7.5 020 156 286 224 151 3.26

RIPCI7 89 504 053 53 020 104 312 119 082 167
~ORIPCS BS 530 053 556 020 156 338 L9 075 49

RPCH 88 527 053 556 020 104 390 115 073 115

Period:: May-.lune, 1997 ; '

R/PC/5 89 Ag_gos- 049 680 063 084 420 139 080 225

RIPCI6 ‘37 730 049 632 013 196 336 135 082 149

WPC/Z 85 - 757 097 534 018 308 364 100 054 -04]

RIPC/E 85 718 049 680 0I3 308 392 100 053 029

RPGIH "85 . (120 049 1069 016 252 308 400 167 558
. Period Auguct-Septe,mher 1997
CRPCS T3 856 0 85 0 308 395 139 074 147
CRPCIE 83829 049 778 0 280 632 139 065 085
CRPCT 8725 0 632 0 252 336 030 017 044
S RECE . 84 ,;';,711" 049 656 0 280 308 066 038 117

RPCH 84 738 049 68 0 308 300 108 061 1.
' Petfad Gcwber-Novcmber, 1997 '

R/PC/S 7.8 860 0 846 0 277 36 LI3 066 209
CCREBCK BE 3780 0 822 0 247 3338 122 071 237
CRPCITT T8 B0 0 681 0 270 292 039 023 119
CRPCE D 81 6716 0 681 0 225 292 135 008 164
CRPCA 79 B0 0 775 0 247 383 117 066 145
' »Period ‘March, 1998 . - :

RIPCIS - . 8.1 . :;__«533 0 621 & 258 358 113 064 005
- RJPC_/G_ : :.;_‘.9.'- 78 0. 692 0 308 335 LI3 063 049

RPC/7 © 79 648 Q606 0 308 280 087 054 0.8

RPC/E - 7.9 583 0 580 0 280 237 091 056 063
CURRCH 95 7o 0 647 0 258 418 091 049 -0.20
* Period : May-June, 1958 , -
i RPC/S 84 St 090 247 12 071 303 100 143 192
©RIPCI6 T R6 T 459 045 337 004 049 303 102 119 1.69
»ORIPC/T 84 497 090 360 002 077 275 078 077 260
| RIPC/S. 86 512 045 405 013 08 27 078 075 139
| RPCO - 8% 389 135 382 017 071 347 078 067 113

. Perjod : OctohervNovembcr, 1998: ‘

- RIPC/S 85 773 045 675 0 154 374 232 143 19
| RIPC/6 84 3% 045 63 0 170 336 189 119 1.69
| RIPC/T 86 612 045 5170 137 440 095 077 259
. RIPCI3. 4. 560 045 495 0 115 286 . 106 075 139
' 045 5385 0 143 374 108 067 LB}




Sample ~ pH  EC €O, HCO, SO, Ca Mg Na SAR RSC
No. S pS/cm meg/L  meg/t, meq/L  meg/L meg/l. meg/L ~ meg/L.
‘Period : Marel; 1999 T " '
CRRES 77 83 0 77 006 48k 407 104 049 12
“1RC/6 ‘78 794 4 787 047 550 102 139 077 135
ECR: B0 768 0. 647 049 561 257 078 039 -7
PO/, 79 797 035 595 041 506 308 - 091 045 184
BCI9-: . 81 971 0,787 014 561 407 079 035 L8l
riod': May-Juiie, 1999 -
5. 84 911 046 858
.86 958 099 792
7. 84 792 066 660
CBS. 8 09 660
L UBS 928 099 759
d:Octobér-Novernber, 1999 " N
O &F 9 0 808 033 297 405 148 078 106
CU87 &7 0B 66 012 229 405 159 089 059
C 86 670 066 495 006 135 391 125 077 © 035
83 860 066 610 040 IS 459 125 066 039
6 70 066 478 014 121 459 LI9 069 636
‘March; 2000 C S
9T s
e

220 470 | LI8 076 106
160 10 339089 . 059
090 450 213 077 035
096 486 200 066 039
102 600 154 069 036

S oo w

688 076 . 304 461 126 064 77
63TV 048 209 408 143 081 020
612 109 299 385 LD 034, 072
6377 094 298 443 109 056 104
704 027 248 451 109 038 015

R R -~

0 774 014 249 528 156 079 003 -
0 709 -010 244 338 169 099 127
043 473 -091 199 276 122 012 059
85 S65 043 473 0067 199 343 L0 079 036
G has 09 086 457 014 299 321 248 L4370
,glfébér-NQ!émb'el', 2000 ‘ a i
s Mo 0
653
590
667
614

535 02 214 441 052 029 -120
SS10 027 200 355 0 104 062 046,
433 025 136 259 156 - LI 038 ¢
484 024 1A% 279 - 209 143 056
459 021 208 36 052 050 <49

oo o o v

Ui 093 324 033 007 L2 206 119 101 ¢
477 046 347 033 019 132 126 164 136+
467 093 278 022 010 150 F46 121 074
400 139 301 03 002 27 4l 08 2440
O3 046 347 033 - 017 108 190 106 - .'0.596:'??

2, A S

EE RTINS

10N,



T Ga Mg Na SAR RSC

© Sample  pH  BC  CO, HEO, SO, . Na
[+ No/ pSfem * meg/L nieg/L. ‘meg/L. meg/l. meg/L. ‘meg/L ~ meg/L

Period': October-November, 2001
o ORIPCE 19 8T
SUREC 82
U RECET B
“Period s May-Jin

764 031 279 357 143 080 128
648 023 300 287 170 048 052
486 021 124 195 187 148 167
648 021 245 344 T3 066 0.60
6957023 324 <324~ 095 083 - 046

R -

0 560 030 10 650 220 - 154° 160
0. 560 030 170 370 230 169 200
CIUGT 5100 050 220 4300 220 169 165
0 510 0300 170 400 240 1807 - 1.57
0 510 040 120 6380 - -2.800 232 24

S0 460 0J9 101 208 198 159 131
200 320010 - 072 116 <180 186 132
fesled . - - 132 115 200 180 100
S0 410 013 125 166 178 148 1419
L0300 015 124 136 L9 157040

70 560 062 135 354 BS0 034 067
0 5300 U 179 244 167 041 109
0. 460 029 155 200 147 ‘039 099
O Tad00 056 169 218 137 035 053
O 460 059 187 25139 6330031

1 T085 150 204 . 144 2l 139 104 <120
043 U321 N6y 109 238 230 L70,..084
0430256, 115 186 194 143 104 081
0 406 080 197 Z04. 178 143 095

L0 427 07 136 260 k6L LI4 031

730 030 280 310 200 116 14
600 0 240 220 210 138 142
s60 010 240 Z10 Qo o7 e
530 010 230 260 140 087 042
530 010 260 200 140 073 030

e




Table4.2

Detailed Ground Water Monitoring - Phase-II
Database of Chemical Analysis

‘Variation in Chemical Parameters during different period in individual piezometer

.;Sample  pH EC  CO, HCO, SO, Ca Mg Na SAR RSC
o ‘ uSfem  meq/L v“n}_gqli; meg/l. meg/l, meg/l. meg/L meq/L

riod : Post.monéqﬁﬁ; 2000

iok : Mainpuri

02 90 2710 255 1530 307 547 1887 465 135 649
G03 85 3670 450 1887 173 444 /44 435 107 94
04 9.1 1630 102 816 144 445 868 404 158 -3.95

90 786 015 535 041 145. 363 183 LIS 042
90 938 153 637 029 160 321 28 18 309
91 77 204 459 032 110 305 265 184 248
90 698 153 408 048 145 329 197 128 087

90 661 051 459 070 130 329 187 124 031
90 613 104 486 087 110 255 2097 155 225
89 T3 051 637 027 139 352 174 L0 197
01 92 680 1S3 408 129 213 248 278 18 100
G2 62 852 153 586 048 202 355 29 177 182
1 e?n;x_*@nsoon,zmﬁl '

069 880 .L14 735 692 1084 406 470
0 1090 508 510 1032 1232 444 45

690 1343 042 715 1062 364 122 256
093 417 071 121 287 203 142 1M
093 417 137 180 254 274 186 076
138 602 050 185 270 343 227 285

093 440 017 123 146 322 278 264
093 1042 087 630 374 669 289 131
0 579 020 106 16 326 278 304
138 579 042 175 362 286 175 180




‘Sample  pH EC €O, HCO, SO, € Mg Na SAR RSC

4

;No. pSfem  meg/L neq/L meg/L meq/l: meg/L meqlL, meg/L
g:_!’_criod : Post m()n'soon,flﬁm

. District : Mainpuri

§?2‘M7PC~10?2{ 81,3320 046 880 646 4100 820 1240 - 500  -3.04
2MIPC/03 823210 L2176 646 763 1200 10 . 373 213
DMIPCIc o i o

Diy -
;fpistf'.i“ ?i!;’iiaiai»géﬁh
;iﬁ:éP/Pclox,,}.;;
IPIPCIOZ
’;g-zP/PC/"()s,{f-.
s
g;ﬁiﬁfriéf..,i Al
2Tl/PC/m ,,
P2
TIRCI

042 146 354 248 157 171 .
756 546 - 870 2420 909 794
048 100 3.3 - 406 283 351

0 -"'5"-156 44 165 321 283 182 070

0 67T 035 190 384 176 Ciga . 097

0 .75;79 027 254 220 165 107 105

0 &7 038 LIS 3E 222140
0

| 169
833 031 245 329 352, 203 293

260 020 110 140 160 1437 060
300 020 130 260 1207 088 040

Dry

. 0%0 48 020 140 390 260 160 040

2PRCIOZ .
PIPCIO4

—— Damaged ~——rmee L
050 240 030 130 220 140. -1.09. 040

-~ Damaged ~—--—

: 1 ‘,.-_-0"‘9.@-, 870 070 250, 520 530 268 190
72 090 810 040 270  5.90.. 490 - 235._°0.40

Dy eeemiesice
07 109 310 020 K50 270 260 160 001

689,050 330 030 140 290 240 UG 0.0




. G Mg N2 SAR R&C
No: pSlcm mcqu mcq/L mcq/L mcq/L mcq/[ meq/L. meq/L

Sample  pH EC €O, HCO, S0,

"Pcrmd Prc monsoon, 2002
District: Ma'mpxm o ‘
CONMBCOY 86 3960 050 1090 530, 530 160 . 2240 906 079
| 2MiPC/03 7.9 4960 0 2180 .750. 1370, 390 2220 641 247
7M/P(‘/04 R Diry sesieiniics - '
" ::."}w:f_f;Dlstrxct Pratapgqrh | | | |
i S 619 100 610 040 080 1140 290 16 205

e Damaged —— ’
89 628 100 430 070 120 380 320 23 L0

e Daiged

CB6 595 100 380 040 130 290 220 1) 10
' ~DFy omeereeee |

L e Dryt — - 3

CoL 83 64 0 430 090 170 560 260 197 068
BT 61 L0 4300S0 130 330 260 1% in

,ost,monsoon, 2002

¢ anpuri P S T ‘ -
102 83 . 1290 051 758 206 3450 5080 396 - 192 044
. 82 180 0 910 (217 352 356 422 (224 202

0 - 480 040 132 212 238 181 136

—— Daraged ——— -

- Dartiaged
- —— Daffiaged -

Ug6 6 051 350 203 198 . 233 1S6  L06- -026
R —
-~ Damaged ——- -

G288 610 050 560 033 089 245 212 144 276




CAPPENDIXAE: ¢ oo o wdioie s
GYPSUMREQUIREMENT o

'I'he amount of amendment requxred to reclalm a sodlc s01l is a funcuon of
the catlon-exchange capacxty (CEC) the desned change in ESP the soﬂ bulk dens1ty,
and soﬂ depth “When the CEC is expressed m mol/kg of sml thie needed “calcium
- (expressed as mol/kg of soﬂ) i s1mp1y the product of CEC and the desxred change in
ESP dmded by 100 ‘The amounts of ‘gypsum, calclum chlonde or “sulfiif needed to
- exchange Various amounts of exchangeable ‘sodiviin from 2 0 3m depth of soil havmg
4 bulk” densﬁy of 1.47 Mg/m are gwen in Tab[e A The amount of amendment
g reqmred for other sonl bnlk densmes can be obtamed by mnlnplymg the values glven

in Table H—A by the ratlo of the hew billc densrcy to 1 47 w ,‘ I

g £ s Lo R R T I
EOONN ES A SR E R ETOAY DT .“ G u -.;.‘...e..:l v, B FRAOEY LRI SIREN

Ei"'“‘I}'f.::i"‘f‘.‘.:-:'.:‘ Gay Ay i e

' Tab]e A" |
T Exchangeable Gypsum Calcmm hloride | Sulfur”|
AR o Sodlum O O B S R AR SET Aty LT LA STt LR TF L S
Tholkg of soil | -mmenn, -Meha L e
10 38 - 24 0.7
20 76 49 14
30 11.0 73 71
40 15.0 9.8 238
50 190 12.0 35
60 230 15.0 a3
70 27.0 17.0 50
80 300 20.0 57
90 34.0 22.0 57
100 38.0 24.0 7.1

* Applicable only if the soil contains sufficient lime with which the
sulfur can react. '

The amount of water that must pass through the profile for chemical
reclamation with gypsum depends on the amount of gypsum needed for chemical
exchange. For example, assume that the soil has a CEC of 150 mol/kg, a bulk density
of 1.47 Mg/mg, an ESP of 50, and that the average ESP is to be reduced to 12 (AESP

=79



= 38) in the 1-m soil depth. Therefore, the desired exchahge is [ 150 molkg x (50 -
12)}/100 or 57 moVkg of soil. From Table II-A, 21.6 Mg/ha of gypsum are required
‘for a soil depth of 0.3 m or 72 Mg/ha for a soﬂ depth of 1 m. Typlcally, a 10-mm
. depth of apphed water wﬂl dISSOIVG about 250 kg of gypsum per hectare For this
,Ii“example 29 m of water would be reqmred Although, the average ESP aﬁer
| reclamatmn was assumed to be 12 the ﬁnal ESP wﬂl be lower near the soxl surfaee

. than at the bottom of the proﬁle Complete exchange by all the dlssolved gypsum was

§ :also assumed Jor the calculatlon In practce complete exchange should not be
_ , expected If a chemlcal amendment is reqmred, itis generally recommended that the
’ : amount the be chemlca]]y eqmvalent to about 1.25 txmes the amount of exchangeable

| sodium that is to be removed (U S Sahmty Laboratoxy Staﬁ' 1955) e
Schoover proposed a relatlonshlp between Exchangeable Sodmm and
Gypsum requirement, based on work of Mc George and Breazeale (1951):
_ For exchangeable sodmm contents rangmg from O 1 to 12meq/ 100 gm.,
Exchangeable Sodium (meq/gm) 0 96 + O 99 x Gypsum requlrement (m eq/100 g.)

Exchangeable Sodzum (meq /100 gm)— 0.96
0.99

So, Gypsum requirement (meq/100 gm)=

80



o “APPE_ND]X_ﬂ I

GYPSUM SOLUBILITY

‘The activities of ions in a solution in‘equilibrium with a solid will be strictly
determmed by the solubility product constant of the sohd However, the soluble
concentration of the ions wdl vary dependlng on the chemlcal properties of the solution.
Three main factom wﬂl impact 165 concentration under the condmon of sold-solution
ethbnum (1) ionic sttength eEcct, (2) ion coplexauox; or ion pamng, and (3) common
ion cffect. Thcsc factors are dlustraxcd in the ﬁndmgs of Longneker and Lyerly (1959),
which examine: the mﬂue.ncc of -various salts, ‘or background electrolytes, and their
concentrations on gypsum [Ca SO Zi—I—(_)_] solublhty It is noted that solubxhty, as used
in Table IIL-A, is defined as thé concentration’ of the gypsum dissolved in the
cquthbratmg solution, expressed as mmol L'of g gypsum dissolved. Thls definition should
not be confused with gypsum Sta.blllty or solubility prodict; whic-ate thermodynaxmc

" ‘chardcreristics ‘of *the “minétal” and ‘ot mﬂuenoed by soltition composxtxon. "The

o dissolutiont of ¢ gypsmn and ‘the” assocxated KSP (Soublllty Product Constant) value are

"'descnbedby Sy =;::";;.- o 2 i Lot A 03 . LI 4

 CaSO,. 2H,0(s)-> Ca** (ag)+ SO~ (aq)+2H20(l)
Sl n KSP—(Ca Xso4 )—10"462

N Ner

o At cthbnum, the IAP l=(Ca++XS04 )J ofa solution in contact wn:h gypsum
..‘._Wlualwaysbelo_‘tsz T osean 3 . 7o Tn s’ My T 3

. t . AT RN . . v .'(‘
PRI S § S H IS

.
SET AT D S

o Tabfe I_If-A |
Salt Cocentrauon — EC Gypsum Solublhty‘ %O}S_;)l;lbﬂlty ~ .:
.‘ mmolLl ) .J: dSml mmolL1 , mHO . ’
0 . [PaeHO| 1501 ] 1000 |
05 .| 021 ._',_"]‘_‘_'1451 T %66
T35 | 9% | Wiz | %0
5. | 1z | 13e | 91z
10 [ 225 | 1277 | &1
~20 | 435 | 108 | 723 |
0 [PueHO[ ~ 1501 | ~ 100

- 81



020, 1~ 15.03 1 100.1
5 065 |- - 1574 104.9
10 1.21 "16.58 110.5
20 | 240 | 1744 - | 1162

40 | 460 | 1836 | 1223 .
Lo MeCL
0. | PureHO/{ . 15.01 .. 100.0
05, o021 - 15.35 1022
25 . | 063 1604 | . 1068
5 .| 119.] - 1723 1148
10 |. 230 | - 1874 124.9

20 . - | 430 .| . 2047 - 1363

(Soll 8 Water Chemlstry, Michas E. Emg:on, pp. 274-276)

Table II-A shows that gypsum solubilty (the amount of gypsum dxssolved)
_decreases with increasing CaCl, concentration. Considering the- gypsum dissolution
.regct_i_on above, the reaction is controlled by the solublity product constant which states
that at equilibrium tﬁe the product of calcium ion activity and sulfate ion activity isa
constant value. '

If one adds Ca to rhe soluuon, Aas.in l'h.ls case by the addmon of CaCl,, one is

‘ addmg a reacuon product to the system, increasing the activity of Ca ) This forces the
chemical reacuon to move to the left and results in gypsum preapxtauon (or gypsum
dissolution). This is called the common mn effect, where calcium isa common ion in the
gypsum dissolution :mcuon. A snmlar result is observed when N2, SO, is added to
solution in eqmlxbnum with gypsum Indecd increasing the concentration of 2 common
ion decreases the Ca SO, concentration in the equilibrium solution but has no impact on
IAP of gypsum. . . )
_ In an NaCl system, gypsum solubxlny mcreascs with salt concentration. This
result is explained by the ionic strength effect. As the salt content of the equilibrium
solution increases, so does the ionic strength of the solation. As ionic strength increases,
activity coefficients decreases, as do activities of | Ca™ and SO, . Since the solubilicy
product (K,,) for gypsum is constant and is numerically equal to the product of Ca** and
SO;~ activities: (Ca**)(S0;7), a decrease in Ca*™ and SO;~ activities would result in

more gypsum dissolution to return the solution to the equilibrium state.
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Increasing the concentration of MgCl2 results in an increase in gypsum
solubility, similar to that observed in the NaCl system. Clearly, the ionic strength effect
has a significant influence on gypsum solubility in the MgCl, system. However, more
gypsum dissolves in the MgCl, systems than in comparable ionic strength in NaCl
system. A 20-mmol L' of MgCL results in a 36.3% increase in gypsum solubility
compared with a 22.3% increase in the 40 mmol L system. We have established the fact
that the ionic strength effect is active in both the MgCl, and NaCl systems. In the NaCl
systems, the only significant aqueous complexation is the formation of the CaSO; species.
Neither Na nor Cl substandally contributes to ion pair formation in these systems.

However, the presence of Mg results in the formation of an additional ion pair: MgsSOy.
By virtue of this reaction, some of SO;~ is removed from the solution (into the soluble
MgSO} species), forcing more gypsum to dissolve to maintin the K. This jon pairing or
complexation effect has the opposite impact of the common ion effect on mineral

solubility.
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