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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 converging to a 
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. 
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••••• 	" • ,CHAPTERIT r 

N T 10:1 1.:1 11:C -T I-0 N 	 • 

• . • - 	' LI_ DESCRIPTION'OF PROBLEM 
- 	Salts.  are' 'the bane 'of both 	kulthiè thid ofiiriliatiönthatare 

based on irrigated agriculture, 	inigiatlokiWate;:and§bii drainage are 
improperly Managed: During the course or hiiniaii-liiitOry; thriving civihzations 

whose 'eiiiStanee was based On iigatèd tidültuie flaw declined or disappeared, in 
'pa& due pOcir irrigation Water managemefit PractiCe§: Fdi example, 'the Hurappa 
civilization in the Indus Plain region of3Iiirlia and Pakistan: theiiihàbitaiitst Of the 
Idirirer Virtf' Valley in:Peru, and-the HOhrikain "Indian§ inthe Salt.  River region of 

hi* e all .§uctiuMbed to the degratiie 'effeets- of soirsalinization. HciWeVer, no 
where in The recorded history Min, the influence of poor water ma.nageinent is 
-more graphically illustrated than in the deiert region of the Middle-East occupied by 
present daY 114aq; The Lind between the Tigris and Euphrates RiVersin senthein' Iraq, . • 	, 	 - 	 • 	,• 	; • 
known as the "CrattleOf 	'anaent Mesöpótariá ( "the land betWeen the • . 	. 	• . 	. 

antient-tirne§,' in novi de§olate'and barren, Consisting of salt-  
encrusted soils: At one tune-(beginning over 6000 year§ ago) this region, a desert then 
as it is now, consisted of liish and Prodilatiie fields of `cereal grains;paliii groVei, and 
forage-for liVestOckl- The Sumerians ailoniZed and transformed the des it by diverting  
water from the E•uphrate§Riverihibiigh a series ot cariati. They introduced irrigated 

.. • 
agriculture to the region.' The irrigetion practices' that were begun 133.i the Surierians 
• - -• !--•• . • 	; , 	• 	.- 	 •:,- 	,  
continued under §idisediient dynasties, such as the Akkadian and die.A.§§yrians. 

- 	

The cente of civiliiaiimi àñd power 	Pbtainiii . 'graCivall3 -  shifted 
-, 	• 	- 	-• - 	• „, 	-• 	• 	- 	- 	- 

) northwards as dynasties Changed. Hillel (1992)-  points out that the' decline of 
-civili7ation in Sumer, and the northward migration of civili iön,coáld be related to 
the decline of agriCtilturein the region: The  	and ketilliati•iin Of the soil in 
southern MesOPotainia resulted 	liek of adequate drainageand the introduction 
of 'salts in irrigated waters. The FiiPhrateS.;ias sat-iairiver rhim r= aneient.times. 
As the river neared its lowd(reacheS,Ttiii sediineiii:iettled onto 'the riverbed and 
banks', elivating  the riverbed lb the suirburiding 	 l a result, irater table levels 

7 	• 	 • - 	- 	 '••• I 	 ' 	f 

hi -the" region rose. hrigation 'thither cOntrilitited 'td tlie-'elevated leVelof the water 
table. It is estimated that the'Eüjthrte lapproximately half its volume thrbitgh 



evaporation (which concentratessalts)-Land seepage between its source and the 
Mesopotamia plain. Thus, thelirrigation yvaters contained dissolved salts, which added 
to the salts released from the soil solids by mineral weathering. Although irrigation 
would move salts into the groundwater, the salts. remained. in close_ proximity to the 
surface, as the water table was near the soil surface and the groundwater did not have ••1 
adequate natural flow out of the segion. Further, when the water table, became • ..,. 	 - . 	- • 	.:_ 	_ 	• 	• 
shallow, capillary rise moved salts, _up to the soil surface. Because drainage was • • , 	 • 	_ 
inadequate and salts were added with continued irrigation, they accumulated at the 
surface soil and in the groundwater. With time, this process degraded the soil and 
destroyed the region's irrigation-based agriculture. , 	 : 

Excess salts in surface soils is a condition common in arid and semiarid 
regionswhere, evaporation exceeds precipitation. Poor irrigation ,Tater management 
exacerbates the problem of salinity. Indeed,_, irrigation , will inevitably lead the 
salinization of soils if proper water management practices are not employed. The 
impact that excess salt have on soil's physical and chemical characteristics depends on 
the type of salt present in soil or irrigation water. Excessive concentration, of Na 
(sodicity) can promote high soil, pH, slaking:  of aggregates, and swelling and 
dispersion Of soil clays. These physical conditions degrade soil structure. and impede 
water and root penetration. Current data indicate that poor irrigation practices result in 

. the loss of an estimated 10 million hectares of arable land every year as a result of soil •  
salinization or sodification. Itis estimated that approximately 7 x 109 ha of the Earth's 
land surface is arable, 

	

	with 1.5 x 109  ha cultivated (Massoud, 1981). Szabolcs • 

	

.-:c __ - 	-_, 	:-.• 	-,.. 	., •-.:_ 	,   

	

. 	_ 
(1989), estimates that 351.2 x 106  ha of the Earth's cultivated land surface is saline and 
581.0 .x 106  ha is sodic. Thus, 5% of arable land and 23% of the word's cultivated 
lands are saline; 8% of arable and 39% of cultivated are sodic. . 	_ ,• 	 .) 	• 

As far as India is concerned, sodic land is the basic problem faced, by a 
large number ofsmall & marginal farmers throughout the country. Statistics reveal •... 	.  
that U.P. alone has 168417 hectare of sodic land out of 2981907 hectares of total land. 
Economic surveys conducted by,  the Govt.of India revealed that cumulative irrigated 
land stood at 85 million. hectares., As such the nation # faced with an unprecedented ,...„ 

	

. 	• 
, problem of sodic land which continues to engulf the cultivable lands due to various •_ 

pollution factors. Therefore, belated efforts have now been made in this direction to 
check the degradation of the soil kincrease . the agriculture productivity vis-a7-vis 
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farmers' econOmyIlitherto;; efforts have 'been. concentrated on the use of chemical 
c: methods to-reclaimate the 'sodic-land Which- includes  the. ase of Pyrites, GYpsUul'etc. 

The: .sustainability, of the reclaimation- of ,sddic :land using. ,chemical methods have 
serious limitations & are increasingly being questioned!..: 

"'The contribution of sodic' landin thetotatwaste land is very high. in India. 
alone, the: available .figures reveals_that out of 2981907 'hectares of total land, 

. • 168417 hectareis identified as, sodici land:. The _ situation.  in other states is-more'or:less 
the samelbtit for the geographical- variables: rMostioil degradationis;cadiedhy: huinan 
activities ble.:overgmzing; :deforestation, poor! 	management, :over: exploitation, 
diScharge. of .waste..water,;.:garbage,Aninping; the; soilierosiOn;:.dpcline in biological 
degradation;: hydrologic: degradation; etc:. are -the 	knovvil consequences 'of 

Aand forniationr.Siltyloam. loarnspilsilave been:reported:to:contain-higher amounts 
of soluble salts. The ECe ranges fronif:94O.,.29; 	 hightas. 10. 
Carbonate & bicarbonate are the dominant anions with chlorides & sulphates in major 
amounts. The poorly drained soil of low pettleabilitY have a higlfcaliCieValtle at a 

r depth,  of .about.  Meter:: They; have kW amounts of: aVailable, NV& P & medium 
,amounts of available IC::: t 	 .,„*f 

, Survey Of.sodie _land inliaiyanaltsink multibandf CC land sat .imageries 
s .  ind:250,000 z scale have :been: conducted. Multidata imageries over the past'.104 years 

showed that the alkali affected area. in: Haryana.  hasishrunk. 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/hectare). 

• 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. 

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



	 - In U.P. Sodic Land. Reclaimation Project 	tarried.. out REMOTE 
SENSIMG APPLICATION CENTRE, U.P. .LUCICNOW is doing the assessment of 
the environmental impacts -ofSodic Landaeclaimation 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, Etawah, 
Fatehpur, Hardoi, Hathras; Mainpuri;  Pratapgarh,.Raebareli and Sultanpur since 1999 
and,since.pre monsoon 1002 in newly added .districts viz., AZamgarh, Bulandshahar, 
Jaunpiii; Kanpur .and Unnad...'The.;projett :districts 'fall in the canal -command of 

• Sharda, Sharda Sahayak; Upper .Ganga, Lower Ganga and Ram Ganga. 
The quality of grOundwater inthe:study. area is generallyalkaline, with pH 

varying, from, 8:0 to 8-.9.; The' temporal-  variation in ground' water guality shows slight 
increase in cations .and anions insist and 2nd years of reclairnatiOn (.2000 andr2001, 

• c respectively) but not beyond-  permissible limit. 	. 

13 PURPOSE AND OBJECTIVES_ 
The broad Objective of this thesis is. td find a solution for prediction-of salt 

concentration in the sodic soil. It is a fact that desodification follOWedby leaching of 
displaced, sodiurrcletriorates. the ground Water: Tiality: While:At.,is required for 

Limproving the food production.:. Hence a proper-managementis must forniaintaining 
the groundwaterquality.while reclaiming the land: • 
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CHAPTER-2 

, 5 
REVIEW OF LITERATURE 

.. , 1. 

2.1 ORIGIN AND 
The soils 

NATURE OF SALINE AND ALKALI (SODIC) SOILS 
under consideration owe their distinctive 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 
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soils. Insufficient data and..exporiencejare available to justify a change, but this limit 
must be regarded as somewhat arbitrary and tentative. In some cases, for example, 2 
or 3 milliequivalents, of exchangeable sodium.per 100 gm. of soil has equal or even ...! 
greater usefulness as a critical limit. It has been observed in several instances that 
alkali soils high in exchangeable potassium have better physical properties and are 
more readily reclaimable than other alkali soils containing similar amounts of 

	

A!. 	_ 
exchangeable soditnn but low amounts of exchangeable potassium. 

	

, 	 • 
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r,,t..,_ 

2.2 Sources of Soluble Salts  
. 	. 

The soluble salts.that occur* soils consist mostly of various' proportions of 
the cations sodium, calcium;' and Magnesium, and the anions chloride and sulfate. 
Constituents 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 minerals found in soils and in 
the exposed rocks of the earth's crust. Clarke (1924) has estimated that the average 
Chlorine and sulfur content of the earth's crust is 0.05 and 0:06 percent, ;respectively, 
while sodium, calcium, and magnesium each occur to the extent of 2 or 3 percent. 
During the process of chemical weathering, which involves hydrolysis, hydration, 
solution, oxidation, and carbonation, these constituents are gradually released and 
made soluble. 

Bicarbonate ions, form as a result of the.  solution of carbon dioxide in water. 
The carbon dioxide may be of atmospheric or biological origin. Water containing 
carbon' dioxide - is a particularly active -chemical- weathering agent that releases 
appreciable quantities of the cation. constituents as the bicarbonates. Carbonate and 
bicarbonate-ions areinterrelated, the relative amounts of each present being a function 
of the pH value of the solution. Appreciable amounts of carbonate ions can be present 
only at pH values of 9.5 or higher. 

While the above-mentioned salt constituents are."..of.mbit importance in 
saline soils, iliere are 	as in parts of Colorado, Utah, and Washington, where 
high concentrations of nitrate are found. Various theories (Kelley, 1951) have been 
proposed to explain the origin of excessive nitrate 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 salts 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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The:ocean maybe the:source of salts as in soils where the .parent material 
:consists of marine _deposits ',that were ,laid dovm, duringl earlier geologic -periods and 

since beenarplifted: The -,Mancos shales occurring.  in Colorado, -Wyoming; and-Utah 
are typical :example& of 'Saline . marine -deposit&- The oce:am.isi also the source ofthe 
salts in low-lying soils along the margin of seacoasts:: Sometimes salt istrdevedirtland 

: through the transportationof.spray.)by vOinds 	called,cyclic salt (Teakle, 1937) . 
Mord commonly, howeVerthe.-direet,Sourcet of salts is surface and. groundtwaters. :All 
of these waters contain= dissOlired-r.salts,"Lthe-.,concentration :depending :upon, the salt 
content of the soil and geologiclnaterialS-twith,,whichThe, water:has been in contact. 

Wàters1actas:sOurces of salts when used-tor:irrigation They limy ;also:4dd,, salts to 
SoiLs Under, natural. :COnditions;,  ca&c:when. 

 
they flood .loW4ying. land.  cir,when -grotmd 

-..watertriSes close to the-soil surface: 	: 	-.. • r: 

r.•.= 	is 	'03-0) 

• _:23Salinization of 	 !•:. • -; 
•, 	 ieCcUrfor the most pdrt -in regions-of arid-or semiarid climate. 

humid condition&the soluble salts originally :present insoilmatehals and those 
.-:_fonned by the -weathering :-Of - minerals': generally are .carrieddoWnward,  into .- the 

,grOimd water and are' .transported-Atimately ,by' streams; to: the oceans. Saline, soils 
are; 

 
therefore, practically nonexistent in humid regions, . except ,when 'the .soil ihas,  been 

subjectedAo. seas Water; in-river deltas and other low-lying land&Inearthe sea. "In arid 
,leaching and transportation ofsoluble salts to the, ocean is not so complete as 

humid iregiOn& ..-,Leaching is Usually. local: in. nature,- and soluble =,salts...may, not be 
:....transported: far. This occurs ,notohly because there is les S rainfall' available to: leach 

tranSporrthe:salt&butalso.because sof thelighvaporationzates xharacteristic of 
;tarid climates; which. tend further-to concentrate :the:salts int-soils.and in surface 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 ground4Vater-ttable:is:often ;related to topography.r.,Owing toAhe 

fv, 	rdinfal in arid.. regions;  'surface ArainagewaYs allay be ptiorly; :developed. As a 
z•-,-,.'cOnseqtrence,:there are drainage basinS:that havemo ibtitlet. to :permanent streams:: The 
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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 
-movement :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,occtir throughout the Western .States: They are 
_ often.referred to as playas _or dry lakes., 

. 	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 
r 3 previously monsaline soil becomes: saline_ as the .result. Of irrigation. Such soilS',  are 

-,often:located inivalleys -adjacent to. streams, _and because.-of-the. eak 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, .:faniters 
have frequently failed:to recognize the need for establishingartificial-  drains to care 
forthe additional -water and soluble.alts. As a result, the. ground-water table may rise 
from; a considerable depth • to within .a few feet of the soil surface in a few years. 
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 limy. contain' from-  0.-1 :to: as•-nnich -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 irrigated soils over relatively 
:short periods of time: When the 'water table rises to-within 5 or 6 feet of the ;soil 

o 

 
surface, grotnd water•moves up*ardintdthe root zone and. to the-soil' surface. Under 
such cOnditiotis,_ ground water, 	as • irrigation 'water, -Contributes:. to the 

safinization of the soil: 

2.4 Accumulation of Exchangeable Sodiunrin' Soils: ' 
Soil particles adsorb and retain-cations On .their surfaces.-  Cation; adsorption 

occurs:as a consequence of •the .electricaL charges at the surface of the -soiPparticles. 



r ;While .adsorbdd-zations,:gre. combined rchemically; with/the: soil.. particles; they. ,may.be 
leplaced_byether,cationsthat occur blithe' solsolutionoThe reaction wherebya cation 
in -soktion i replaces an adsorbed cation; called tation .exchange. ,Sodiunvcalcium, 
and magnesiunIcationsarealw.aysleadily exchangeable-  OthercationsAikepotassium 
and ammonium, may be held at certaimpositions:onthe particlesin- SomesoilsTsci that 
they are: exchanged Withtgreat difficulty and, .herice;are said to be fixed.: 

sEation ;adsorption,. being:a .surface_phenomenon,:is identified mainly with 
the rfinecsilt;:y clay;' and organic matter fractions of .Soits1Manyidiffeletir) kinds . of 

and: organic materialS: occurring ring soils: :hive -exchangeproperties • and 
together are referred to:as the exchange- Coniplex.-; ThecapacitYiof 6:soil to' adSOrb and 
exchange cations. -.canilie measirred, 	expressedi:-Ani chemical :.equivalents and, is 

thercation-exchange-icapacity It is commonly expressed iwmilliequivalents per 
t 

	

	gm. of soil: Nariouslchemical iand-.physical factors interact:to Makethe measured 
value depend Somewliatonthe methOthofdeterminatio*.but.nevertheless;:the cation- 

fy:exchairge-capacitYis -a:reasonably .  definite soil-property.that .has.Considerable.praCtical 
significance. In view of the fact that the adsorbed cations can interchange-freely -with 
adjacent :.catioriS :in:  the soil solution', it- is to .1:beiexpected :that the proportion of the 
variOuScatiOris ;on the,  ekchange-complex will beselated'totheir.concentrations in the 
soil solution: 

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 Cationin the 

:soil- solution: Thus;- sodium maybe the predominant cation to whichthe,Sbil has been 
subjected;: or. it May become doiiiihant in-the .soili solution,-owing to the precipitation 
of :calcium and ..magnesium..compOunds.: As the ,soil.-Sohition-beconieS concentrated 
through,  evaporatiorkOr -Water. absorption. by.. plaritS;., the :solubility limits 	`Calcium 

• esulfate:s_calciuni..carbbnate;.-  and magnesium carbonate 'are often: exce,eded.;:iw which 
-::-CasertheY'are precipitated- with a corresponding:increaseiwthexelathre:proportion of 

sodium.:; Under 	 part:1)f; the. Original ...exchangeable 'calcium '_and 
1 ,- .magnesitun is replaced bysodiutir. 1,7  

From a practical viewpoint, it is fortunate that the calcium and .magnesium 
•_- .cations in the. soil solution aremore:strongly adSorbedty the exchange complex than 

At, ` ,equivalent solution ; concentrations, the:amounts 1. :of calciuin and 
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:magnesium-adsorbed-are several tithes that :of sodium:, In general, -half or more:of the 
i-  -.soluble cations.  -must: be - Soditim. before significant amounts.-are .adsorbed: by the 

--exchanger complex:. 	-.some-tsaline . soil solUtions;,7however; practically jail .  of the 
_cations:are .sodium; and. in these_ sodium is the-,predominant adsorbed, cation. 

. 2.5 Characteristics of Saline.and-Alkali-Soilsi 	: 	- 	• 
The term. "soil"' is used in .several,senses by agriculturists. ..In' one _sense a 

soil is considered to be_a.direedimensional piece, of landscape having shape, area, and 
(Soil Surveyi.'195:1)..The concept' of assoil as-a profile haying depth .but not 

• -necessarily shape :of -area isralso. a common . use of the term._ In another sense, often 
_;.-used in this handbook; .the. term is applied. to_ samples-representing layers: or points in 

the.: profile.) ; Saline and-, alkali. 	are defined / and diagnosed.: on the basis . , of 
determinations made ...on... soil .samples;. sand the significance: of - information' ') _thus 
obtained .contributes.,.,  substantially to. scientific :agriculture:. The extension' .:and 
harmonization.  Of these _definitions:to ;the , problems and- purposes of soil-. survey and 

_ Soil classification have nabeen attempted; because it .lies somewhat beyond.the. scope 
.; of the present work., : 

-- - ,; To facilitate ::and ..clarify, this: discussion, the' probleth soils_ :under 
consideration have:been Separated; into three: groups. ': Saline, saline-alkali, .and 
nonsaline-alkali soils. Saline-alkali, and nonsaline-alkali soils come 'under Sodic 
soils. 

2.5.1 Saline Soils 
: Saline is used in connection, with _soils, for which the conductivity Of, the 

-.saturation extract.is inoreAhan it.mmho§/cm.lat 25" C. and .the exchangeable-sodium-
.' percentage is -less- than-15, Ordinarily; the pRis:less than 8.5. These soils- correspond 

to Hilgard's (.1906) "white alkalT:stoils.and to.theSolonchaksr of the Russian soil 
:scientists. When adequate .drainage: pis established; the 'excessive soluble salts-  may-be 

- 1' removed by leaching .and- they. •agaiiibbecome-,normal. soils. Saline soils are .often 
recognized bY:the prdsence,  of white crusts of s.alts on the surface: Soil salinity may 
occur in soils having distinctly developed profile characteristics Orin undifferentiated 
soil material such as alluvium.  

The chemical characteristics of soils. classed-as saline are mainly determined 
by the lindS and amounts -Of • salts :.present., The amount of soluble, salts,.. present 

' 	• 	' 
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Highly Saline 

Salinity and available soil water 

Nonsaline Soil Moderately Saline 

Fig. 2.2 
No colour shows unavailable water. Colour shows available water 



controls the osmotic pressure of the soil solution. Sodium seldom comprises more 
5-1c, 

than half of the soluble cations and hence is not adsorbed to any significant extent. 
The relative amounts of calcium and magnesium present inthe soil solution and on 

• • . 
the exchange complex may vary considerably. Soluble and exchangeable potassium 
are ordinarily minor constituents, but occasionally they may he major constituen.ts. 
The chief anions are chloride, sulfate, and sometimes nitrate. Small amounts of 

cs  
bicarbonate may occur, but soluble carbonates are almost invariably absent. In 

!.`f, 	 '17 •=f,: 	; 	 : 
addition to the readily soluble salts, saline soils may contain salts of low solubility, 

	

LIS? 	 )!ti- 

such as calcium sulfate (gypium) and calcium and ina.gnesium carbonates (lime). 
i10?. 	• 

()Wing to the presence of excess salts and the absence of significant 
;." 	 1,5. 	 ;;.::: 	 1.2;.5 

amounts of exchangeable, sodium, saline soils .generally are flocculated; and, as a 
''''!'”a.rr, • 	 ; 	; 

consequence, 
lc; 

the permeability is equal to or higher than that of similar nonsaline soils. 
• t.;) 

2.5.2 SODIC SOILS 
• 11=Y1 

„ a. Saline-Alkali soils 
Saline-alkali is applied to soils for which the conductivity of the saturation 

: 	 • 	 ;T:zi  
extract is greater than 4 mmhosion. at 25''. 	and, the exchangeable- 

, 	 I" 	fr, 	 jfitL; 	 )."„ 
sodiimipercentage is greater than 15. These soils formi as a result of the combined 
processes of salinization and alkalization. As long as_ excess salts, are present, the 
appearance and properties of these soils are generally similar to those of saline soils. 

; 	 - 	 + 	 ii; 
▪ Under conditions of excess salts, the pH readings are seldom higher than 8.5 and the 

-•, 
particles remain flocculated. If. the excess soluble salts are leached downward, the ,.• 	? 	 Er_r_ 7 4  

properties  of these soils may change Markedly and become similar to those of ▪ • 	.,.••-j1„ 	 !.' 

n.onsaline-alkali soils. As the concentration of the salts inthe soil solutions lowered, 
some of the exchangeable sodium hydrolyzes and forms sodium hydroxide. This may 

	

; 	 ::t 
change to sodium carbonate upon reaction with carbon dioxide absorbed from the 

J■W' 
atmosphere. In any event, upon leachiiig,the soil may, become strongly alkaline (pH 

■. CC 	 ,=H`j 	 . ... 
readings above 8.5), the particles disperse, and the soil becomes unfavorable for the 

/'fl 	 r 	if! 	;I, 	 • 	: 
entry and movement of water and for tillage. Although the return of the soluble salts 
may lower the _pH reading and restore the particles to a flocculated condition, the t 1-1( 	 • 
management of saline-alkali soils continues to be a problem until the excess salts and 
 j4I 	3c'; 
exchangeable sodium are removed from the root zone and a favorable physical 

r11 TL1.: 

condition of the soil is reestablished. 
!F,. 
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Saline-alkali soils sometimes contain...  gyiisum.. When Stich soils are leached, , 	 . 
Calcium dissolves and the replacement of exchangeable sodium by calcium takes 
t)lace concurrently with the removal of excess salts. 

b. Nonsaline-Alkali Soils -  
Nonsaline-alkali is applied to soils for which the exchangeable-sodium- 

, 	. . 	. 

 is greater than 15 and the conductivity of the saturation extract is less than  

4 mmhos/Cm. at 25° C. The pH readings usually range between 8.5 and 10. These 
soils correspond to Hilgard's -"black alkali" soils and in some cases to "Solonetz," as 
the latter term is used by "the Russians. They frequently occur in semiarid and and 
regions in small irregular area.  s, which are often referred to as "slick spots." Except 
when gypsum is present in the soil or the irrigation water, the drainage and leaching 
of salinealkili soils leads to the fonnation of nortsaline-alkili soils. As mentioned in 
the discussion of saline-alkali soils, the removal of excess salts in such soils tends to 

: 	2 - 
increase the rate of hydrolysis of the exchangeable sodium and often causes a rise of 
the pH reading of the sOil Dispersed and dissolved organic matter present in the soil 
solution of highly alkaline soils may be deposited on the soil surface by evaporation, 

„.: J•:" 
thus causing darkening and giving rise to the term "black 

If allowed sufficient time, nonsaline-alkali soils develop characteristic 
morphological features. Because partially sodiumi-saturated clay is highly dispersed, it 
may be transported downward through the soil and accumulate at lower levels. As a 
result, a few inches of the SUrface soil may be relatively coarse in texture and friable; 
but below, where the clay accumulates, the soil may develop a dense layer of low 
permeability that may have a columnar or prismatic structure. Commonly, however, 
alkali conditions develop in such soils as a result of irrigation. In such cases, sufficient 
time usually has not elapsed for the development of the typical columnar structure, 
but the soil has low permeability and is difficult to tilt. 

The exchangeable sodium present in nonsaline-alkali soil may have a 
marked influence on the PhySical and Chemical properties. As the proportion of 
exchangeable.  sodium increases, the soil tends to become more dispersed. The pH 

. 	. 	- 
reading may increase, sometimes becoming as high as 10. The soil solution of 
nonsaline-alkali soils, although relatively low in soluble salts, has a compOSition that 
differs considerably from that of normal and saline soils. While the anions present 
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. conSiStmOstly.of-chloride,,  sulfate, and bicarbonate; small aniotints;Ofcarbonate often 
:occur.: At 	'readings: and 'in the presence., of carbonate. ions; ealciumi-And 
magnesium are precipitatekhenceiffie"soillsolutionsofnonsaline-alkaksoils usually 
contain only small amounts of these cations, soditinvbeing-the. predominant tone. 
Large .quantitieS::ofexchangeable;.and solublepotassitim may. occur' iii some of these 
soils.. 	• 

• - r 
 

The sodicity makes the bade structure ofSoilS. This,cati,be explained by 
-double. layer theory: as given-below 	 : • • 	 -." 

- 

2.6 Structure of clay.- An Explanation 
If the,soil:contain, appreciable 'amount' of clay, An.  important feature of the 

soil: in} addition: to its texture. iSlits-!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 Can be dispersed.as individtiaparticles &they may be flocculated 

: • M. forms flocs and -structural units (soil Aggregates) .thatmay: be :several-  millimeters in 
size. A soil with its. clay- in flocculated condition -behaves. 	coarser extured soil 
thanwhenits clayis dispersed.'Whether:a clay is_dispersedror 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 vansler Waals forces are dominant and4he clay, particles 
are kept some distance apart, the repulsive electrostatic forces are dominant, and the 

• 'clay is dispersed. 

Clayparticles are negatively charged colloidal minerals, which can absorb 
cations (.W., Na+,1(+;.Nte, 	Mg2-1-,.etd2) from the. Soil•water Or,:rather, the soil 

..solittion..The negatively charged surface of a clay particle.and the surrounding mantle 
of adsorbed cations are called .the double layer; If the predominant Cation in the 

. double-layer is Na , the individual clay particles' cannot-come *close together because 
the Na ions .are surrounded, by_watermolecules-orate-hYdrated, :producing a thick 
double layer (Fig. 2.3).: Also; the monovalent Nat iOns do mot effectively mask the 
negative charges .of the •clay _particles rthemselves:5For Na -clays, therefore, the 
repulsive. electrostatic forces between the negatively charged 'particles exceed the 
attractive van der Waals forces, causing the,clay particles to exist as separate particles 
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in a dispersed or deflocculated condition This dispersion occurs already.if 10 to 20 
percent of -the adsorbed cations consistsi,of 	Soils with Na 'clay have a poor 

' "structure"..-They have. a-tendency to. seal.:-3Theyare loW in permeability, are sticky and 
amorphous, and become hard -upon drying. 

- If the-  catons inithe:doubk layer around :the clay particles are mainly Cat  - 
and Mg2  + , the clay particles can come much closer together (Fig. 2.4) This is because 
Ca24-  and Mg2 + 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 ate more permeable and 
frable than soils with dispersed-clay. : 

Clay can be converted from a dispersed state to a flocculated cortdition by 
changing the adsorbed-ions'from Na :to c a2  + or Mg2+  . 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 Ca2+  to Na. is mthe 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 dispeision of the clay and associated deterioration 
of the soil structure. Conversely, CaclaYs have been-deliberately dispersed and sealed 
by applying soda ash to reduce seepage losses from ponds ( Reginanto et el., 1973) 

Whether a clay_ _ isAispersed: or.  flocculated also depends on the salt 
concentration of the soil solution. .A high-concentration of NaC1 in the soil water, for 

V, example, could still cause a Na clay. to bellocculated.. The high ionic strength of the 
solution in that case compresses' the double layer, allowing the clay particles to be 
sufficiently close to each other 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 whenl:seawater7_isileached„.  out by rain, which causes the NaC1 
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 physical-chemical-process 
responsible for the retention of inorganic and organic substances in the soil 
environment. The soil solution composition of inorganic and organic substances is 
controlled by surface or near-surface process: With respect to trace elements, the 
activities of aqueous metal ions in equilibrium with, an adsorbed phase are controlled 
to levels that that can be orders of magnitude lower than levels controlled by even the 
most stable min. 	 Sti  - Ctly 'definea adso  iption is a surface process that results 
in the accumulation of a dissolved-substance (an adiorbate) at the interface of a solid ( 

_,--- -- 
the adsorbent) and the solution phase. This interfacial region incorporates the volume 
of the soil solution that is commonly referred to as the solid-solution interface. The 
process of adsortiOn can be controlled with that.  of precipitation, in which the crystal 
structure of a mineral 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 this process, a substance diffuses into the three-dimensional 
framework of a solid- structure. :Partitioning Partitioning (adsorption) is a mechanism that is 
frequently responsible for the retention.of organic compounds by soil organic matter. 

_2rJ.CL_ 
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2,17-GENESIS,  AND 'MANAGEMENT. ORSODIC SOILS: ; 
- Sodic sOilslnoSt commonlyvecur as a result of naturalprocesseS(priinary 

sodification). The nature of the parent material and the subsequent pedogenic process 
dictates sodic soil- :development Cnditions that 'promote the:lormatioti of sodic soils 
inclUde:thepre§ene!bf shalloWe; salinegitiimdwater:or::. a .perched_water-table:(within 1.5 

-mofithe surface); soil waternrich in bicarbonate: impede drainage,. :low sloPe;,  and 

textural:  disContinilities;Sodie, or 	 -soils 	associated With the Presence of 

Na2CO3; higk ESP,Values-; and pH, values ,greaterthan'9.0 (a 'consequence of the high 
.1.. 'Na2CO3 Content);-. Secondary :sodification is a process that oceures as:,a. result of 
; , anthropOgenie activities, Nvhere-the development of a: soil with, sodic_ properties results 

poor:inigation4ater mariagethent,  and Poor drainage (water logging):  
The, natural-formation a:  sodic -soil is 'closely 	tor.sulfate. reduction in 

Water-saturated :systeins: -The:neccesSark ingredients tOrpriniaryisodie ,soilformation 
-; 

 
are impeded:drainage,ta; shallow-groundwater that is 	sillfate,hig,11isoiF:orgarnic 

‘1, -) inatter,•izand a rreducing envitonment atthe :groundwater intelface The reduction  of 
sulfate:produces-  alkalinitY (consumes Protoits):: 1.1; , 

4'lie!deeirinifi6gitiOd-cifcirginiCnia:ttel-PrbdudeS-00i;4hieli-:is adsorbed by 
.th&' alkaline "-Water te.' 	 The displacethent Of. CP' and- 1./1g2+  :froth the 
-teXchAlige'CoiiiPlek bY:Na.tis faviired a's a'rekilt f alcft&precipitfión 

r.• 	:; 	" 	 iaq,4 21cra,i (et'  
'f(Cat----c411kg.417 )(O0 + HCO;" (do L-* (Ca', Mg)C0-(s) +11 "". (4) 

}". 	 -.:* Tii6 	giilfate 	the' Sli4lOW 'igiburidi4tee Can 
. 	. 	. 

ediidiiionS.  flit yjin1 f 	642H20 :JIeciIiftiduiagãin  faildiiring the 
'I:  reth oii'ofNâón the' exchange 	by-remOVing 

' 	 '". 

- da2+(a 24-  04). 	 ''''" 
cj, • 	 5•11% ,•:: 

Excess bicarbonate coupled with elevated Na+  levels result in the 
production of NaHCO3 Finally, dehydration favours Na2HCO3  formation: 

F 3 
2NaHCO 3 ---> Na 2C0 3 -17, CO 2 H20 

	
2.5 
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As a result;  a high ESP tharatteriteS:the exchange complex, high SAR and 
.high pH:characterizes the soil solution. (controlled by Na2  Co3);:arid calcite is present 
in the soid phase:' 	- 	- 	 T'• 	 • 

- 	 . The -impact of; excessive 'sodicity on :the permeability of the soils is 
• intimately. associated with the ,salinity of.the soil solution. The degratiVe :effects of 

,sodium on soil, structural properties. can be overcome:by two principle mechanisms, 
acting alone or in concert (i)displacement of Na from the soils exchange complex 
by divalent -cations (the reasowis explained previOuSly, bythe. double- layer-theory), or 
(2) increasing the salinity -of the soil -. sOlurion. 'These -two :mechanisms :are 
complementary with regard to their.beneficial effects on sodic soils: Irrigaticin with 
saline irrigation', water) may be initially. employed ',to ,stabilize, ,soil;-  structure and 

ij :increase: soil. stability. However,' increasing soil• salinity is lessyeffeetive in clayey, 
smectitioJsoils (which r.tencPto .recnahrreIatively.imprmeable' irrespective -of :EC). 
Increasing' the. salinity bf 	solution ;also_ -increases the. threShold 'ESP; the-ESP 
bellow: which-  flocculatiOrLoccurs: _Inereased permeability allows Sor the,removal of 
soluble components that might interfere:, with.- reclamatiOn :(stich,  as soluble 'Sulfate 
when gypsum is the amendment) , and. the effective.;  jnfusion of. divalent cations 
necessary for sodic soil reclamation. 

The reclamation of a sodic.-soil requires adequate drainage;  leaching, and a 
source of Car, calcium, which is „required to.. displace Nat_=  from the. .exchange 
complex, can be, derived,from :a:number, of sources. Chemical amendments that supply 
Ca2+  include gypsum and ,cAch. If calcite is present in the soil, 1-12SO4 can be used to 
dissolve 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 .salte„:.,,low SAR water, which .also • increases 
permeability., With each, successive . treatment,. the _irrigation .water is . dilutedwith 
high-quality (less saline) water. The dilution favours the displacement of 	by 
divalent cations, and leaching removes the soluble Na. Irrespective of mechanism 
used to reduce SAR and ESP, leaching to remove Na from the soil profile is a 

- 	: 
necessary. 

• : 	_ 
- 2.8 CATION EXCHANGE: 

Before the year 1850, the belief that soil was an inert material was 
prevalent among agricultural scientists. Even Justus von Liebig, a revered agricultural 
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chemist of the per 	the first-to deinonstrateithat plants,obtainmineral nutrients from 
rsroiVand the' first' to reCogniielhat' the ddditiiiit'ztif iglë enl nutrient would 
'iiideage'croP'Stield'onIfif all'otha'iintrientirWererpfeienfih'Sliffibierit levels (Liebig's 

i  the 	 Wg  merely a nonreactive filter 
and support m&lia fOr phuiits. HOwever, all thi changed in 1845 when anägriculturist 
and Yorkshire fartherhamed Harris Stephan Thompson performed a iMall series of 
experiments ,(Thompson, 1850)..To .glass columns .containin a "light sandy loam of 
good quality", a.   )104soila,.1ettorn  Alc old.stici?p07,, and a "strong 

.,.clay,,soir,3Thompson,a4d eci.a,(NHA):4 S9,091-ation. Upon leachingeackcolumn with a 
v,olurne-of water,that,exceeded in ,07n9z,mt:1* iNqvicst qQ121,4114.04s faU pf rain which 
is ordinarily experienced in this countrAa leachatewas obtained which, when dried, 
yielded a precipitate that .was.fonn&to be-prinbipally gSrpsum:(CaSO4.21I20), as "the 
whole of the ammonia was retained by the soil". 

	

ft& T 	sMrelatèdtoJohñ ThOiiipsô Wy,acôñsulting chemist 
Cle'bribed; 	laddition, a Dorset 

di-131i.,?/‘&.ifitiiiile filtration 
of the liquid manure in his tanks through ci bed of an ordinary loamy soil; and that 
• after its passage through the filter-bed, the -urine was found to be deprived of colour 

•
•;fcfl   

, and smell -, in fact, that it -went in manure and.cam.e out water", (Way, 1850). The 

	

 :.„. 	 = 	;": 4 	 • 

findings ofItixtable, and particularly theLquantitotiye fuidings,of Thompson, lead IT. 
• Way, i.(Way859) to prfonn the3 fir,st- comprehensive;  studies;:of the process later 
termed .12aSe exchange.,  :Way's: studies.were 	confined to two soils, a "red" 
fgoil:from:Beitshire and a,  loam from,Dorestshire' Downs; although ivhite4Sottery clay, 
washed- sond,;"red brick dUSt,Wdeted' tobacco ij Otithpogdd'of Clay), and 

also i LnI  eiierafWAY'eidiitS k•Cinsisted of 
passing solutions-  Of 6Ormilbh-.'saltS"(uiChidmg -NH4, lc Na, Mg, and Ca salts of OH, 

•: 	 •'; 	;" 	 "2.;.; 	' 
SO4, Cl, NO3, and CO3) through columns or filter beds of the various materials In 
addition, experiments were conducted using soil particle size separates, dried soil (50 
to 60°C), combusted soil, and 111•103- and HC1- digested materials. Soil leachates of 
sodium phosphate solution, ginao extraCt, human urine, flax water, sewer water, and 
Thames River water were also examined. The results and conclusions of IT. Way 
were revolutionary (from Way, 1852; the salient statements are in bold): 

hEL:. 	 • 
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: 	it was:found.. that lor_clinexy ,soils.possesse&the_Tower -of separating :frem 'solution in 
, 	• water the differentearthy and, alkaline substances presented to3 them in manure;- thus, 

when solutions ofsalts of ammonia,zof potash,..magnesia, &c., were inade.to filter 
3 	__ ........ through becl, of dry;  soil„ 5or 6nches4eep, arranged, in g.flowerpot or 

l• 

other suitable vessel, it was observed that the liquid was first ran through_ no • 
longer containing any of the ammonia or other salt employed._ 

c:: 	J'* 	 '17  - 	L. ••■ 

•.' 	' 	 • • 	• 	 - • 	 - 	••'' 	 2 
but ihe this PoWei-  Of the- Soil wasfound not to the ivliele salt Of ammonia or 

	

. 	- 
potash, but only to the alIWY:itself: If, for instance, sulphate of ammonia were the 
compound , Used--m -the expenments; the ammonia would e removed from 
SOIntion, bide-the lilteredliqnid,wOuld  Contain 	 abuidance not in 
:the= free ( Ott lincotobined :'form ; but;  united with • 	 this result Was 
obtained whatever the acid of the salt experienced on might be.,. 

It may be mentioned, also in.this place _that, at a later_ periothof the investigation, it •:,  
was_• satisfactorily i proven that • the quantity of lime acquired by the solution • 
correspondsd exactly to that of the ammonia removed from .it.- the action was yr: 
therefore a true chemical decomposition.

V1 F  V V 	 VV 
 , ;TV. 	 '.' 

• Again, it was found.  Vihat the Comitiaation.  between the soil  and the alkaline 
• 

- 	Substances was aid,itnot inStantaiieOus,- partAirig therefdre of the nature Of the 
• *ordinary uniOnAieteri 	;arid' alkali:: hi therCOur-  se Of the4e tkperirnenta' ieveral 

- djfferijtsoita'-WereoPerated Opiiind;it Wag fOtind:that-all soil qiabIé of 
: •, _cultivation Possesed,  the 'property int:question ' 	greater.: or lesser_ degree_ It :Was 

- 'shown that„the.power,'twabserb.:alkaline: substances did not:exist in sand;, that 
the,:orlganic;  matters, -of the 

 
tkeH had.potliing $0...do :with it that the addition. of 

carbonate of lime-to-ar soil did not,  increase VtS absorptive power for these salts.; and 
V 

	

	indeed that a soil in which Vcarbonate of lime did not occur, might still possess in a 
high degree the power of removing ammonia or potash_from solution, and it was 

`, 2 • 

	

	 •''_ 
evident that the active ingredient in all thase cases was clay. 

• : 	;, 	 s , 0 	• 2., 	 (• 

• 	 :.• :„ 	;;, 	• 	 .  

In addition to the above findings, Way also observed the complete soil 
'17;-*r.t 	■' 

removal of phosphorus from guano extract and sodium phosphate leachates (a result 
.•; 	 — .•-. 

that Way aiiiibuted to the formayion of calcium phosphate precipitates, 'VV  than 

	

;• 7 ';'- ; 	 ;I `..• • 
"absoiption"), that the acid digestion of soil did not destroy the absorptive power, and 
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Jhat.the coinbustion'of soil or cla:y ,diminished-the ability of the material:to absOrli_An 
- initial conclusion of J.T.;Way that organic =nerds unimportant in cation retention 

was later. refited through the work -of Samuel W. Johnson - (1859), who noted that 
swamp-muck was "capable of.absorbing 1.3 percent of anitonia;.while-ordinary soil 
:absorbs 	to .1 percent:" Theeiperiments;of. Way „werelimited th exchange 
reactions involving the'displacement of native Ca?' -liy the commoncations;Nat;: le, 
•N1I+4,:. and-  Mg21-.-. Indeexl, until the: work off.M.van:-Beinmelen in the 1880s, it'was 
generaly thought that only Ca2+  was displaced 	 ekchangeireactions, 
although Way -hiniself noted-theappearance,of mOreNatin whiteclay,,which we find 

-.; from. :the analysiS.' dontains,; this !:alkali in.:: considerable quantity:At 	seem, 
therefOre,; that in thetpresent 'instancesoda;; and not lime, had ..acted the paftinfthe 
substituting base" (Way, 1852). 

2.8.1 QUALITATIVE ASPECTS OF CATION EXCHANGE 	. I, 

With the exception of a small number of misinterpretations, the conclusions 
of 	Way have stood as, the defining, characteristics;  of cation ;exchange reactions. 
Ion exchange reactions are reversible, rapid (rate is cotrolled by site accessibility and 

, said Jo .he:; diffusion controlled), a4  -stoichiotnetria _with aespect to., charge:: The 
following.exchattge yeactions illustrate the ;stoicltiomettic and equivalent replaceinent 
of an ipn-Rn the exchange complex by ionfrotuthe..aqueotts phase:. 

0.5caC12 (aciltMg 0:sx(pq) .77.Ca 0:5X(eq)ft:0,5N.1gc12.,(eq) 

,1■11-1+4(aq) Li- Ca 0.5 X(ex),--421■1114 X(ex))4- 0.5Ca2t(aq).,.. 	• 

(aq) +=A1 Nexy-4,KX(ex) 	A11.(aq)  

where 'X- represents 'an' 'equilialeht- of eichange- phase charge: In the cotext of 
exchange reactions; the eqUivalent'quantity:of aaation.may beAescribecl as the moles 

tharreplacea mole Of hydrogenTions: Since a mole Of-proton is identicalto a 
.mole ofcharge (moL); an equivaleat quantity-Of a cation may alsote deicribed as the 
moles -of cation that are 'equiValent-td a,mole' Charge. For example, 1:6 mole:tif Aft is 
equivaleneto, Pinot `charge (a.tholeaf Al3t is equivalent to 34nO1 Of Charge); a mole of 
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Ca2.1._ :or Mg2+  is equivalent to 2'mol of charge, and. a. mole of NI-r4.or,1C+  is equivalent 
to 1- mol :of. charge. In-  equations a to rc, .one _equivalent of exchange.phase charge (the 
same- as-.one mole of exchange phase :charge).  is - satisfied by one equivalent of 
'exchangeable cations. :Thu's,-  one mole bfN1-11-4.-or_V, 1/2 mol of Ca2+,:or me, or 1/3 

: , mol of Al'34  satisfies a. mole Of exchange :charge: The cation exchange. reactions also 
illustrate the exchange stoichiometry: For example, displacement of One equiValent of 

- Ae+_ from the exchange: phase requires one equivalent of -1(-1", of mol: of 	are 
requiredto displace .1 Mol,of AO"' 	- 	.;:. • • 
' . -Equations a to c correctly display -cation-  exoliange equilibria _for Mg2t;Ca2+, 

Ca2+1-NI-r4, 'and , 	'exchange as. the requirements of charge and mass are 
satisfied. -IOn,exchange reactions may also be: expressed, for example, as indicated.for 
Ca2+-NH+4 exchange: 	 . 

2NH+4(aq):717-.CaXi(ex) -42NH4X: (ex) Ce-t(aq) 	 .2.9:- 

2NHt4  (aq) CaX (ex) (N 4)2X(ex)- + Ca2:i--(aq) 	 2:10 

whete-X-  represents :a inole-Of exchange phase itinEqtiation 2a (as Equationh),:and 
represents' wo moles Of exchange 'phase charge 'in-Equation 2b Both reactions in 

Equation 2 satisfy mass and charge' balance requirements, and are equally valid 
machanisms for describing the Ca2+-NH+4 exchange process (alongwith Equation b). 
Finally, exchange reactions' are also qualified with fespeCt 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 ofequivalents to describe chemical- behavior (as in ion exchange) or 
ion 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 1;1  or meq 1,"1, and_ the _cation _ exchange 
capacity, of a soil in meq 100 g71  (milliequivalentper 100 grams). The .composition of 
a soil solution that contains 10 meq1:11._Na as•Na.: and,10 meq Ca as Ce contains 



2.11 

2:12' 

10. mmol 	Na and 5 Aillnol.L-1  Ca; assuming that anAaquivalentis..defined as the 
moles of a substance that are identical to a mole :of charge.43the;ofithe 
associated with the use of equivalent units demonstrated-An-  the above-, example. 
Expressing the total concentration Of a .:dissolved substance in equivalent units 
requires an assumption relative to ion speciation. Implicit in the 10 meq 1,-1  Ca 
concentration the .assumption _that Ca, .exists and reacts as the divalent ion,. even 
though a __significant proportion: of the total _soluble Ca, may .exist in ion pairs :(e.g. 

, .CaClt and:  CaSe4)! Or organic complexes (which are. species that.will not replace two 
equivalents of proton. charge). 

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: 

FeC121(aq) 2KX (ex)_;-÷ FeX2 (ex) +.2KC1(aq) 

7 0 r.); 

,),FeCb F(aq)14-.  3KX T(ex) -1-÷.FeXy, (eX) 3KCI 

"rf 
	_:/.51• 	'.):11 ;Tr  

of Fe2+ in ;_Equation.:3a will replace 2 Mol of IC.- Sinsiilarly, ,1' 	of Few  in 
Equation 3b-wiltreplace 	Thus, the equivalent raasst.dffe4t (g.e4-1) is one 

- half the:molar mass' (g In01-1.)jof Fe; and the equivalent Mass Of Fe3+  i§ 'one "third' the 
malar Mass of Fw•(there are 2 'eq mol-1  Fe2+). However;. in redox reactions; the 
equivalent quantity of a cation maybe-described as 'the moles of cation that are 
equivalent to a mole of electrons transferred.. FOrekample, in the reaction: 

FeC12(aq) + 0.25 02(g) + HC1(ati) FeCli(aq).+ 0.5 H20(1) - 	" 2.13 

both. Fe2+  and Fe are-capable of ddnating and accepting only onereleetron;  Ihui, the 
equivalent masses of Fe2+  and-F0+  are identical to the-molar mass -Of Fe •(1 eq inOrl  of 
Fe2+  and. 1' eq mor1  of Fe). 'Therefore;  a solution -that' contains 10 meq 	FeC13 
may contain 3,3 -MinoIL--1  FeCI3 if Equation 3b isrlie reaction:Of interest; oil° mmol 
L-1  if Equation 4 'is the reaction of interestBeCanse there is no ambiguity in the use of 
molar concentration units, their use is favored. 	 _ 

26 



Ion exchange .reactions abide :by the Law. of Mass Action and respond to 
perturbayion:S. of the soil chemical environment as described by Le Chatelier's 

' principle. For the reaction, 

2aa*(aq)=-F CaX2 (ex) 2NaX (ex) + Ca2+(aq) 	 2.14 

the retention-of Ca2+  is favored if the system initially contains equal concentrations of 
soluble Ca2+- and Na (retention of higher valence species is favored). Le Chatelier's 
principle states 	when a stress is brought upon system at equilibrium, a change 
will occur such that the equilibrium is displaced in a direction that tends to undo the 
effect of the stress. Although the retention of the Na+ion is not favored over Ca2+, it 
can be forced. onto the exchange complex by-any stress that-disturbsthe equilibrium in 
favor of the formation of NaX. Thus, any process that increases Na in the solution or 
removes soluble Ca2+  will increase-  NaX and decrease -CaX2 concentrations. For 
example, loading the system with Na, forming a Ca precipitate, or forming Ca2+ion 
pairs (e.g., CaSO°4) will favor the fOrmation of NaX bylotting 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 exchangephase 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 NaC1 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 favorsthe displacement of 
Ca2+  and other native cations, which are removed in the suenatant after centrifugation, 
leaving the soil exchange complex isre saturated. 

A characteristic 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) ---> Na2X(ex) + Ca2+(aq) 	 2.15 
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where X2-  represents 2 mol of surface charge, the Law of mass Action states that an 

Pccb,apgeiwleOvityfcoefficient,(rcaction quorient) jconaybeiwritten: 

ids {Na2X} Wei {caN).[Na-V, 	 ".;10i 	. 

and 0:denote effective concentration,  variables oftbeexchange&pd, aqueous 

at„)f  

••.Ks.I Natfi . 

• SL 1V.P. 	 .............. 	 .1 161 

If [Na:1,5 [Ca21-=-J.ctin.thepzinihilrating,splution.„Equation 2,17 

Ks

_ 3 

74Na2N}(4.{C4fX1'.:. 	 2.18  

1f,this!solution-,is,..,subjected ta,tepfold dilution; ..as i-rnight, occur. during ,a rainfall 

event, then [Nal = [Ca21 = 	 exchange; and solution; phasehave 

reequilibrated, the new equilibrium condition, according to Equation 6c is: 

	

K.40.1]2 / [0.1] = 0.1K, = {Na2X}/{CaX} 	 2.19 

In this :example,, a tenfold decrease . concentration . in the equilibrating 

solution will result in a tenfold decrease in the ratio of Na to Ca on the exchange 

complex,if ICs  is assumed to remain constant; or, &tenfold increase. in the ratio of Ca 

to Na on the, exchange complex (ten times as much Ca2+  as Ng+  on the exchange 

phase relative to the original system).,Th--!us, dilution of a 
	

ibriu
.
m wih

•

an exchange phase will favor the retention of the more highly charged exchangeable 

.; 	 :  
Exchangeable cations are highly hydrated and do not actually form chemical 

bonds with the absorbing surface. Instead, exchangeable cations are held at the 

surface through an electrostatic interaction and their retention is influenced by the 

variables described in Coulmb's law: 
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F = q+-q- ter2 
	

2.20 
f... 

As this equation -states;lhe fotce.of attiaCtiOd -(F)betWeen'oPposing-.thargeS is 
directly related to the magnitude of the charges q+  and q.. and inversely related to the 

•7 
 

square of the separation distance r in a iiiii,fOnn med imi haVing- a dielectric constant e. 
Therefore, the effective size and valence of an exchangeable ion determine its 

21 "ekth -Tigeability. The ease with 'Which adsorbed ions can be displaced' from the 'Surface 
by completing ions can be predicted- frOni'siiaild'valatice parameters: As-the valence 
of an exchangeable cations increases, so does the force of attraction to a charged 
'surface. The greater the valence, th -greafer 4§A.lie-geleciivity of the-suiface for the 
cation. Further, for a given valence, the hydrate radius of an ion determines 
exchaia.geabilitY. As '- t,li .e=*hydrated radius 'of 'an''ekChaiigeable - catibn decreases (r 
decreases), the force of cation attraction to a charged surface increases. 

The relative replaceability of exchangeable 7Cationg. -•(ease of removal) is. 
described by a lyotropic series. Beginning with the most easily removed cation, the 

•iyotropie series -for the monovalent 	 cations -ate (hydrated 
- radii in nanometers are `displayed n parefitheses):: 

Li (0.382) x Na (0.358) > K+  (0.331) az NI-1+4(0.331) > Rb+  (0.329) > Cs+  (0.329) 

and 
1,1g2+  (0.428) > Ca23' (0.4i2) .§r2  '(0:412) 136.2+  (0.400' 

All cations iday'Pattidipate m nation exchange reactions; even thOUgh some 
i.tiay also participate in SPeeifiCretentiiiii iorOCesSeS 'With giii-face-  functional groups. 
'Thus; 'Thug; the lyOtropic-series can beeXpanded to mclude trace-metal cations: 

. 	: 

Li+  (0.382) > Na (0.358) > NH+4 (0.331) > K+  (0.331) > Rb+  (0.3/9) > 
C .s 0 329) > Ae(0.341) 

	- 	 • 

and 
, 	• . 
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Mg2+(0.412) > Zn2+(0.430) > Co2+(0.423) > Cu2+(0.419) > Cd2+(0.426) > 
Ni2+(0.404) > Ca2+(0.412) > Sr2+(0.412) > Pb2+(0.412) > Ba2+(0.404) 

2.8.2 CATION EXCHANGE CAPACITY 
The cation exchange 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-planek, 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 ke, which are equivalent to the 
units of meq 100 g' common in the early literature (i.e., 1 cmolc  kg"' =1 meq 100 g-1). 
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 -charge Surfaces (from isomorphic 
substitutio) and deprotonated inorganic surfaee_ functional groups and organic 
functional groups. 	 , 

2.9 NATURE OF WATER kt 
Water is highly reactive7=substance and an exceedinglty effective solvent. It 

is a compound that has a high dielectric constant, which is a measure of a solvent's ; 
ability to overcome the attraction between a dissolved cation and an anion. The 
dielectric constant may be defined as the ability to oppose the electrical attraction 
between ions of opposite charge. This definition is illustratated mathematically in the 
expression: 

where F.is the-force of attraction between; ions of opposite charge_ of magnitude:Z.,and 
Z+ that are separated by a radius of r in a solution having a dielectric constant a :- The 
force of attraction between-tiikrbiipositely eharged'iOns'-will -  be less in Solvents that 

`' have high dielectric constants;-reiativè to gOliiiitiiiiit'hairefOw5Clielearic constants. 
relitiVelkingli' diel6ciii6'c:OnStint 	tither unique iii'rotsertk water 

that is a result of a nonlinear molecular confignitiOn 'is SliOWn 	 " " 
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• 

;I! 	,•".) • • . 	, 

2 . 

95.84 pm 
Isolated Water Molecule 

• • 	, 
Water Molecule§ -in Ltqutd 

7 	 'MO* 2:6-  • 	; 	• 
	 fr•;_:f.'• 

• ; 	 " 

Ate: -The figure shows the Physical Characteristics of an isolated water molecule and two water 
• 

molecules assotiated through a hydrogenbond. 8+  and 28-  represent the partial positive and 
;. .7negative ch arg es on the proton and oxygen, 8 = 0.42 (Re ftrenee 	lifmeyan'd Jorgenser,2000). 

• - The bond energy of the covalent 0 - H bond in the water molecule is 470 kJ mor , while the bond 

enirgof thehydiogenbondbetiveen,watermoleculesis iippratimately2.3klm-Ora  (Sures* and: 
„ 	2000). 

2.10 NATURE OF SURFACES OF C1_,AY JVIINERALS. 	, 

Because of the,complex ,characteriof ;water many, aspects of the structure of 

minerals can be of influence, but those associated with the surface, both externally 

and internally, are the most important 

• 
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.2 fsBasically, three:features. of crystal :surfaces may influence. watermoleailes 
:-.;.:.Whichcome.into•-colitict with.thêrn: r• •I ; 	• • 	 - • I 

- 	• ',;; . :2 ,-.•••••-•:,:,31: Distorted ionid:grouPingsin, surface-layer&.n.: 
2. Broken bonds at fracture or cleavage planes. 

- . b3. Unscreened ions (usually cation's) askociated"with the lattice. 
. r, SUrfaces ,cari 'atract _water molecules to-• themselves ,to form layers where a 

• : typefastructure exits Very :different :froni the. condition in liquid Water., 	-• 
.• , 	t Over .and:tabove adsorption pheriomenon • due,: to ,surfaces =. are effects 

'• attributed -to ionic inclusions ;within:tlie cryster lattice, itself: The tfiesenCe:ofweakly- 
held cations; as Counter-balancing charges in a loosely packed,-  structure; invariably 

leads to ,:fhydration.,:effectS.:Ini an ;aqueous, medium; .,cation -iwhich . are not fully 

electrically ,bonded Will adsorb water 	to complete their screening within the 

• lattice:7•Sorne,lattice inwhichions arenacorrectly or adequately coordinated possess 
•!.c. this sameprOperty and the cations. adsorb water molecules to become hydraes. Similar 

effects.' are', observed in. clay 'Minerals sfachs4s montmorillonites with loosely-held 
counter-balancing:cations. Where the are contained 'in a .specific layer, the adsorption 
of such Water, _cam cause :major -swelling _.of.• thelattice "itself The amOunt of ionic 
adsorption depends on the nature.:Wthe cation:and,  on -the relative ,liumidity-:of -the 
systeni(Mering,,I-, Trans: Farad.,  Soc:i42B,, 205,-  .1946 ). 	• • . 

• • 	; 	, 

- 	The SOLID-SOLUTION Interfae:.-21 inicrbiropic :View  
,The. scili&solntion-interface- is a transitional zone-that is .•neither,inineral 

nor bUlk.solution. The,  interfacial,  region': .exists-beeause stoiLmoistm-e_ bear; electronic 
charge: and metal and ligand .complexation Capabilities. The interfacial region' of the 

: soil consists Of adsorbed protons, ; Jitetals,3rand :ligands,-. and air interfacial soliition 
• : phaSe.,  The Composition of the interfacialphase iS.directlyinfluenced by the structtiral, 

chemical, and electrochemical aharacteristics of the soilLinineralsand-the -,cheinical 
acracteristics of the bulk soil solution. Actually, two types ,of surface :charge existsiOn 

striicturalicharge:and -pH,dependent •charge.,Whileithesetwo categories 
of chargepay'.accountiorthe preponderance of surface charge, they ateby.nojmeans 

• the-only. Sources of charge onmineralsurface§.., ,, 	-• ••• 	; n •- • : .• tI 

[The :interfacial: region :-between the, solid: and,  solutiomphases; 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 neutralliation of the charge by dissOlved 
ions and molecules under the influence:of the surface occur in the interfacial layers. 
2.12 THEORY OF LEACHING. r.. 	 • 

Water is the chief mode of transport of salt imthe soil. There is a dynamic 
equilibrium betWeen:theions is the. 'soliftion phase and -those which are associated 
with soil complex, the soluble. salts..and the soil- minerals. The exchangeable-  ions 

:mostly resides in.-the stern layer and areimmobile 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 mainprocesses involved in salt niovementimsoils:! 

-.- L. Convection of dissolved salts due to-mass-  flow of water.. •. 
2. Diffusion. of salt -in response to the concentration' - gradient: .The 

- 	.t extent :and ,direction 	- -salt movement is : determined ' by 
donCentration.:ofsalt in soil 'solution, the amount of_solution that 
Moves: and the:directionin which.mcivement occurs.,  

. Hence pattern of watermovementlas bearing with salt accumulation in .soil. 
Diffusion depends upon concentration - gradient . and may add; 'ot diminish , .the 
concentration of convective !flutcdepending-  upon the V direction in. .which the 
concentration gradient occurs. A common problem coupled with high evaporative 
conditions in regions with arid-, and :semiarid _climates is: the presence of excess 
soluble. salts in root zone:. This,iesults in larger amount of mass flow: mediated flux of 
solute towards roots of plants. ConseqUently salt concentration in the root-soil intrface 

- region increases and the niagnitUde of increase depends:upon evaporative demand and 
salt _concentration of soil solution (Sinha and Singly,.1974, 1976 a,-1976.b). As a result 
the plant roots are exposed to'.a salt concentration which may be several fold of that in 

r; -soil few cm' away from the roots - 
2.12.1 Process of Leaching • • 

V.: 	.Leaching: of:saline soil is. commonly.effected by ponding of water ,on soil 
surfa.ce. 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 V soil depth would have been equal to its -saturation capacity. In practice it is 
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founds that amount of water ;needed-to accopinlish saltremovalisialfirays more than 
this capacity. 	 .•.,_ 

This is because of the charecteristic way in which 'the salts are displaced 
- :from-  soils:: Salts,  when `present 'ata point iiifa `fluids flowing:tlirciligh porous medium 

spread out in a cone shaped path. Scheidegger :(1954)- deSdribes this. ' process as 
dispersion. Day (1956), Rifai at'et. (1956) and Nair der Mbleff (1956) reilorted,That 
'salt-displacement: 	soils: 	OcCurs, dile ,  to distiersibn; thich  is the result of 
variation in flow velocity of water while it moves through cciinpleiCsySteni;'f•soil 
pores. The resultant mixing of flow elements causes so-called .iniScible displacement 
of solutes from the soil. Bigger and Nielsen (1967) have studied the:.miscible 
displacement with regard to leaching phenomenon soils; 

Gardener and Brooks-  (1957) -  , described. ,the- _ leaching process 
mathematically and worked-outleachingrequirements from. a simple model. The 
model consisted of a network of uniform: soil pores:fit which:the centre of pore was 
assumed to move with the same velocityasithatofleaching.wateu. ThiSfraction of salt 
was named mobile salt (c). The part of salt close- to pore walls,nioved :slowly and was 

-- named immobile salt '-(q).. -The _ratio G •=-B' y skis-c•taisidered--a.measure of quantity of 
-• 

water in excess of one pore volume _which was.. required to, leach down a certain 
percentage of original salt present in the soil.,Theyreported 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 varies with soil,properties but 
usually ranges between o.1 to 0.4, which means that 1.2 to 1.8 pore volume of water 
should be passed through soils to reduce.  the . salinity to 80.percent of the original 
value. • 

Reev at el. (1955) conducted leaching studies- on a saline silty clay loam 
soil. Their experimental findings were approximated by the following equation: 

Dby 	1 = 	+0.15 	 2.22 

- --(co  
Where D iw  is the depth of water leaChed thfough a depth of soil Ds, 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. 
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fr Equation (:) can be rewritten in terms of electrical conductivity as:, 

Dlw (Ece), 
	+015 

Ds. - 5(Ece)f 	 c 
2.23 

- • Where_ (ECe)i  and (Eeek are electrical:conductivities of saturation extract 
of soil before and after leaching respectively.  
2.12.2 Water and Salt Balance of The Root Zone 

WM. Van der Molen (1972) reports thefollowing water balance equetion 
=0  of an irrigated, soil:. - 

•._ 	‘, 1•±P+G,-E+R+-AW 
:•. 	• • 

I = Effectivd amount of irrigated water,_ 
= Effectitre amount of gretipitation;:.;'. 

• G,  = Amount of Capillary:-rise of ground,Water, 
• - • 	. E 	Amount of evaporation; • 	• . •  

R:. = Amountof deep_percolation, and -.- 	. • 
AWhange in -amotmt,  of moisture -stored:. 	• 
I & P, are defined here as. effective quantities as they relate to quantities 

that actually infiltrates into the soil. 
The salt 13a6ie equation tOt the root Zone; reads as: 	- 

where, 

• 

beg  izC;'-F Az c'" 2.25 

=Salt concentration in meq/1; 
Suffix  denOtiniiiriintion water; 

p • =SuffOr dendiing Precipitaidii; 
g = Suffix denoting groundwater, 

Suffix.  denoting deep percolation water  and 
AZ=Change in salt Content of the root zone in meq/m 
Since the amount of salt supplied to irrigated soils, by rainfall is negligible 

compared with amount supplied by irrigated water, PCp  may be taken as zero. Further 
Os assumed that under, equilibrium conditions cg  .cr . Hence, Equation ( ) reduces 
to 

ICi = R*Ci- + AZ 	 :2.26 

,2.24 
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where R*.is.themetdeeprinrcolation,)equatto 	G):,In terms of gaiiis-  and losses of 
salts the net deep percolation R* may be equal to lead:ill* requirement. 

If tha salt balance of the soThisin equilibrium AZ; Will beiiero. If it is not 
in equilibrium, the quantity of salts in the root zone at the bedinnifik- of the period 
under consideration ( )will:differfram,that ateiid.(Z; 	• 	; 

; 	Z-1%''(ineq/m?) 	::; • • • • 	 2.27 
2.12.3 The Leaching Efficiency 

1tWassuthdtbatthe amount of Salt if the rrocit Zone-( -Z- 41S'disitilved in 
-th -SOil -moiSttire? 'doWnWard Water-and salt 
takeplace Moistice-Conterii-ned field 'eApadt3Oogia1191ciiihy beconsidered that 
'Z' is dissolved in'ari.-anion:t 'Of rikeistiiie Wftvhichlis.  the'soilmoisttife content at-field 

' 'capacity iii the.rot zone-( intini :or 11r62'):. Wfc'canbelleterMirietifibra.. 
w 

Wfc 
.100 	: 
	 2.28 

where, 
• r;  

	

= „ 	suffix denoting field.capacity..  
_ 	 depth of rcpt 

i  At field  capacity the. salt concentration (,cfc.,) the, soil 140.sttFein, the 
root zone is 	 • 
1 : 	 .t 	•:j 	: 	• 	.) 	i!- •(.4. 	2.29 

. 	L;.- 	 ; 	 `.■ 	 frn.,rj 
If we consider a period in which Z changes from Z1' to .42', the average salt 

concentration (efo), of the soil moisture,at fieldcapac,ity during that period is Cfc  

+gt 	 - 	'2:3(j 

•
zrx  TY:), 2W. jc 	 r  

For„they,salt5oncentratiop., 	),of the war, percolating, below root zone, 
_the:following assuptionscari be made eachdescribing,adifferentmodel: - 

, 	• 	_ 
. or 	 ,; 	 • 

or Cr  = fCfc  + (1 - f)Ci 
° 

 

2.32 

 

2.33 .  
where f is the leaching efficiency (0 <f <1 ) . 



The. following :leaching efficiency..( f ) values -have been recommended to 
be used ( Van der Molen, 1973):= 

silty loam, sandy loam 	 f= 0.5 - 0.6 
silty clay lOam; sandy clay loamrloam f =,.0.4 = 0.5 . 
clay . 	 f ---- 0.2 - 0:3 

2.13 Technique of Water Application for Reclamation 
The continuous ponding technique requires a level surface and is relatively 

inefficient compared with other techniques, such as intermittent ponding or sprinkler 
irrigation (which does not require a level surface). Flood irrigation results in saturated 
flow, and the water:movement principally. occurs ,in the macropores and at a relatively 
high velocity. The macropores accountfor only a small.  ortion of the total porosity of 
a soil. ( and only a smal portion of the salt burden contained therM), 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 efficient technique for the reclamation Of satin soils. 
2.14 SYNOPSIS 

With this backgroUild attempts haVe bean made in the present thesis to (1) 
derive an expression showing relationship between time and depth of saturation front 
in the root zone and (2) formulate a mathematical model for predicting the salt 
concentration with respect to time for sodic' soils The assumption has been made that 
the soil deptliAroot zone) under consideration 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 
model has been described in the next chapter. 
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cgApTER.a 

`LEACHING OF` SALTS IN SODIC • • 	•••• 
qz 	 ;. 	;!;.. 3.0 Introduction 

The chapter is comprised of two sections. In the first section, an expression 
is developedlor computation:of-waterinfiltered-using-Green and Ampt equation. In 
the next section, a mathematical model- 	 find the salt concentration in 
the root zone depth with respect to time. 

1:6" ‘.:?-, 
3.1 INFILTRATION 

Infiltration is the process ofWater.peuctrating from the, ground surface into 
the soil. Many factors influence the infiltritiori-rite,_inclUding the condition of the soil 

. 	1 
surface and its vegitative cover, the properties of the soil, such'as its porosity and 
hydraulic cunductivity, and the current moisture content of the soil. Soil strata with 
different physie4Pio'Per4ieirriia.' O4116-eUCiiii6i,'fOrMIQ horizons; for example, a 
silt soil with relatively high hydraulic conductivity may overlie a clay zone of low 
conductivity. Also, soils exbibt great spatial variability,:even=yvvithiwrelatively,,sthall, 
areas-isuchl..as iman a.gricUltural field:, AS -a-  result oftheSe.f.great-spatiat variations and 

"the. *et 	 '̀ .'a ds: '•i ':.: 
	'the Sig thOiSttfre,-content , 

ffinfiltratiot 	oxiiplex:Lprocess clto: 	ilescrib.edfl onl. 1 approximately)-with 
7)1!,, -; 	? iul t,c1;11L;ii  mathematical equations. 

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_tcya maximimiAlepth_ofapproximately._.1.5 cm. The 
transition zone, a region..of_rapid.stecieasejofsoiLwater..cotAent,..extended_from the 
zone of saturation to the transmission Zone, a zone of nearly constant water content 
which lengthens as infiltration proceeds:. The wetting zone maintains a nearly constant 
shape during ifltration and culminates in the wetting_friont which is the visible limit of 
water penetration into the soil: txcept for the saturation and transition zones, the 
results of Bodman and Colman have been generally confirmed by other investigators. 
While there has been considerable disagreement,* the literature it is generally agreed 
that, in most cases, the soil will not be completely saturated at the surface due to air 
entrapment and possible counterflowtof,  the' air ;phase.,Most- the,oriesJif soil water 
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441--- SATURATION ZONE' •  

TRANSITION ZONE 

TRANSMISSION 
ZONE 

WETTING ZONE 

WETTING FRONT 

movement do not predict the transition zone. However, McWhorter (1976) showed 
that an abrupt steepening of the profile near;the surface would be predicted for rainfall 
infiltration if the resistance to air movement is considered. 

WATER CONTENT 

Fig., 3.1.1 Infiltration Zones of Bodman and Colman 

• 

3.1.1 Statement of Problem fr'M . • 

Let us-assume instant ponding.The saturation front is assumed to be abrupt 
and the water content and K in the saturated zone are assumed to be uniform and 
con:stain: 'Infiltration is thtis 'considered as "piston" flow, as shown 'belo*, 'which is 

• treated,  with: Darcy's-. equation: to - obtain equations • relating 'infiltration • rate.  and 
accumulated infiltration to time since infiltration began. 

rvi 	.7•;- 

:t4"' 	• 	• 

11 is the depth of water above soil surface, Zx  is the depth of saturation front at any time t 
• . • • Os.-ia.thenatinal saturation, and;  ei  is initial moisture content. • 	 - 	-- 

Piston Flow System 
Fig. 3.1.2 

39 



• ' 	r`` 2 	. 	. 	: 	'03 • • 

\-, 

Let us consider a saturated mass of soil having thickness AZ. 

Fig. 3.1.3 

, 6Vw  In the above figure, Y, is entering velocity and Vw 	-AZ is outgoing velocity 
DZ 

and 9(e ). 00,A,), Le. there is no change in moisture content as it is fully saturated 

f•-••;- 	 : 

.The_passbplance.equation 	,!: 
.storage;+, h4lowFival storage t Putfiow, 

Therefore, 0(t ).dZ +Vw  At ---00+.60.dZA- Vw  + 	.AZ .At 	FU 

;.1 7hus 

any 	 r7. ."_. 	 , 
= 

aZ 

i.e.. velocity. is. not, chpging with,depth at a..particular time. 
velocity of water 'at entering is the infiltration, i.e. I=V 

Pa 	 _ 
Hydraulic head at point A, hA  = H —÷ 0 	 -  

r,„ 	s. 

Hydraulic head at point B, hB  = –11,–Z f 	(z +ve) 
r,„ 
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Z f 

This equation is Green & Ampt equation 

hence, = 
 KAlic 	) 

...3.1.1 

where, pa  is air pressure in the min iscus 

H, is capillary head, H 
Y 

pc  Es capillary pressure 

The hydraulic gradient al  (hB 
-hi) 

dZ 	Z f  

rw 	.1 
Zi 

-Z f ) 
Z f 

From Darcy's law 

dh.? 
v 	 - 

1<1(-Hc -H-Z f ) 
Z f  

Ks .(Hc +H+Z f ) 
• :Z f 	• 

Since I =V, 

Using Green and Ampt equation, one can derive the volume of water 

infiltered in time t. There are generally WO 	in One 'Siitiatio'n the depth of 

water is maintained 	from 6eternal suj 1r and in other the depth of water 

varies with time. 	 • 	 • 

3.1.2 Infiltration: When depth H is Maintained Constant 

Infiltration during small time dt • 
Ldt =dZ f .(0, -0i ) 

- 	. 
'Whérd 	 thalsairation 

initial:moisturei content,,, 	,•:, 

Putting 1- Ksk+H+Zf) ,• — 
Z 1 

One gets 
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[

KAtic+H±7f)idt=dZi-(05 -61).: , .Zi  

OT 

 

K  „fir= f 	AZ f  e,)
Hc  +H +Z f  

.
.1-1,+H+Z f  -(He +H) f  

ff c +11+Zi  

,,.K, 	Hc.+H
.11 H++Zi f 

• 	After integration, we get. 	
J1 	 1M- 

K si 
	=Z f 	-4- H)10ge(H, -1-H -1-Z 4+ A 
8, -OA  

at 1=0, Z f  =0 
Hence, A =(H, +.11)loge(1-1, +H) 

" Therefore, Ks= 411 + 1010g e(II H + Z f )+ (H¢ 	loge(11, +H) 
Os  -t9;  

(11,+H+ZI  
= Z1  -(H+H) log 

(H¢  +H) 

or 	Ks.t=Z f (0s -01 )-(8,-0,X.Hc +H)loge  c 
+H+Z 

(Hc  +H) 
I  

Let the total quantity that infilters be W(;) up to time t. Wo is given by 

= z f(; ).(es  -0, ) 

or 	
zf(()=  (0s -0i) 

Substituting Zif in (3.1.2) 

OT 

{H
c +H + 471.1-1 ics.t =W 49, --9i )loge 	Hc +H  

, 	Os  -0;  XHc  + H)+ W} 
ic,.t =W -Os -91)1°ge{ (8, -61,X114 +H)  

or K5 !=W-(85 -0i )log e +  (es 	vic 	 3.1 (a) 

At small time in the begining of infiltration Fr(;) is small. Expanding the 

logarithmic term and neglecting higher order terms 

3.1.2 
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Or 

W 2  

Os  —0, y (Hc  +Hy 

w2 	- 
2(9, -0, XH, +H) 

W = 1/21C, fB, - Ot 	+11).iii' 	 3.10b) 

From the above equation, total quantity W can be calculated corresponding 
to any small time t. 

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 changes due to infiltration. 
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3.1.3 Infiltration Under Variable Boundary Head 

:'2TeitheinitialpondingOver'surfaCe'. F- Ti 	5  ' 

(Le-.4he:depth of water atvlied)  

3 '; • IV • be ithellepth of waterinfiltefedin-tinie•til,  • 11)!. -  

Therefore the depth of water over s ce at-  any time t, 	 - 

at t =0, W =0, Ho.= H 
From Green & Ampt equation 

dw  
I 	

Ks[Ho+.14+Zfl- 
= - 	  

dt 	Z f 	 . -- 
K 	+ s[H-W Hc +ZA .  

,• 
Multiplying the numerator and denominator by (60, -8,) on right hand side' 
5IW K -W +HAI), -0,)+Z f — os )] 
dt . 

Since W = 1(e, -es ) 
dW 	  Therefore,  

_s K p+Hcxes _9,)+wti-o.,-00)] 
W.dW  

P4'11-cle 1;1- 4041. 	 " 
Multiplying both sides by 11-(0 -0( )) 

wit-Os -OiR  • , 
\ 

= 	-0,)+wft- 0,----.160}- ,1-1/c )(6, -01 )  dw  

----( dw'  
4-1/c)(os —ei 1+ wti —09, —01 1 	. 

After integration we get 

- 
• 

...3.1.4 

h 	(-4i7 	 -0A-4W-4449s  -e)}+A 
• ft,  

At t =0, W =0. Hence, 

A= +HA°,Os ) 	 tog  
t — 

1— 	e  
Therefore, 

ft —Os  -ei ks.r=w-+Hc )(es  e •i 	
je

+11C 	 
1 	) 	' O.+ H, - 

	 3.1.5 

• From the above equation, infiltration W can be estimated for any time t for 

known values of es , 9,, K„ He  and H. 
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3.1.4 Infiltration in Two Layers -of.SOil.of. 	Different Conductivities K1 & K2 

Let us consider a soil depth imtwo layers with conductivities K1  & K2. The 
total depth under consideration,being:4 the-depth-Of:top layer with K1 conductivity 
be Di . Hence the depth of the bottom layer -7-.Z‘f  DI. 	- . . 

Zf 
D2  7:f  7d, 

'Jr  

K2  

Fig. 3.1.4 

In case of a two layers of soil witsh hydraulic conductivities K1 and K2, the 
.„ resultant conductivity is 

Di  +D2  DI  +Vf 7Do • 
Ks(t) = 

K'1' A 	K1 _ 42!K2._ 	 •it 	- • 

,•;; 	• 	_ 
Hence, 

s(r)=  D K +K Z• .1 2 	 f 	1._ 
f 4." ;,• 	c19 .. 	. 	-- 

For Z <D1, Ks(s)  ="Ki 	• 

When the saturation front exceeds the top layer,, the infiltration rate, I, is 

given by 

=dw 
dt = K.  '[14:. 7W 47Z fl  M 

K1K2Z f 	 +Zfi 

- - 
K1K2  	 H —w Hc +Z f i 

D(K2—KI)+KiZ1'  

• 
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Multiplying numerator and denominator by (Os - Oi) on right hand side; ! 

dw Kix '- rifr 	 f  (Os  -911 
i= (K2  -K1 ).131.(Os  --O f )+K I2 f ..(19s -:•O f ) , 

" • -gi11Cei- *--='Z,;(es 6i) _ 	( Zf> D1) 

and DI (Os - = 

.dWKiK210 +Hc )(0s -8,)+WI. 
• ' * dt 	" (K2- 	 3.1.6  

• iK2[0:4H.6 )(9,,.-.4)4:-W(1-49s;0,)11,,, -...-1, e.o. , ,:..-:,.- , 	 .',7 1 "1  4.11!11 , . :!.:1:1',' • :,., 

Therefore, 

or 	K2dt- 	K1 

LW 4-  HcAos 	 @ -Os  -othrW -60+Tv  
Multiplying both sides by 1140 - O))and after some rearrangement, we get 

-(93  - 4))K2dt 
[-liC--1.)Wril--(98 -61,))+W.4-(9,-0,)) • 

=  Z 
	

dW 
itif+Hjes _0,)+04,_0,gi 

1R-11Fv1.448,-.50) -.;   
dW 

`p - 

= +HID, --10+ W(1- (Os  -0,))] 
[ 41 	

- 	
„  

+1)05 4)40*-(Os LOA 
 

" 	7:2 

(K2  ,-- Ki)W1  + Ki  ;V 	.'L i •_s f ', :2:: f,.:,,••:,:: 

(K2 —  KI)W1+ ICPW or 	KiK2dt =  ri, 	), 	, 	, , 	idi 
ali ÷Hcikes-ed+Wg-tes -AA 

..,.,,,,,,,.)„:, 	;;,,::. 	1;,-,,..-Ici l_caLi,pri-ii:iv .',23clz,..•, -,6-.; 	: 	-.1 	,-.• ,.0,..::::.i.rri 	:,.:: - 

After int egration, 

_os  AK2t = w +loge  p +1/, Xos  --O f )4- i -(es  -1-11-c X0s  -0 f )} 

• 

At t = , W=W1  

Hence, 

LiciePA-H, 

 

	

I

( K2  _ i )w 		1-1-1)0s'  
.1Ci 	1 	11-(os -191)} 
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.K2 

, .K1 	
(H +H c )(0s  

-e,, ) 
+ c )(9,s —0i)+ 	— Bi ))W  

'oge  (TY 441cX0s- —60+11:40s —03Frit 

Incorporating A - 

P—(Bs --03)(t—h )=(v—wi )-1- 

The time t1 when the saturation front reaches the bottom of the first layer 
of depth DI  and time t2  when the saturation front reaches a Zf from the surface can be 
determined using the above relationship. 
EXAMPLE 

The infiltration rate is obtained for the following soil moisture 
characteristics: 

Oi = 0.290 ' '" 

Os = 0.485 

= 114 cm 

Ks = 2.88 cm / hour 

Ti= 10 cm 
Applying Boiniefinethod - - 

h, 

Hc =jk,(0)dhe  

= 0.75 
From equation (3.1.5) 

1-  	
0.2091oge  (1+ 4.78W) 

0.0232 

The rate of infiltration, is :presented in Table 3.1.1 and displayed in Chart 
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S.N. W (m) 	-t (hrs) Rate of Infiltration (m/hr.) _ 
-- — 1 0.01 0.009998 . 1.000161291 

2 0.02 0.038809 - 0.515350707 
3 0;03O:084822 0.353681242 
4 0.04 0.146629 _ 0.272797729 
5 - - 0.05 0.222985 ____. - - 0224230673 
6 0.06 0.312/87 0.191823622 
7 -- 0.07 0A15055 0.168652289 
8 1- 0.08 0.52891 ‘-_'. 	.- 0.151254432 
9 ' 0.09 0.653564 0.137706498 

10 0.099 0.774397 ,  - 	,_,c,.-, 	' 0.127841461 
11 0.1 0.788306 0.127841461 

• 

- - Table 3.-1.1 _ 

r; • 
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Verification: 

Corresponding to W = 0.1m 

Zf W 	0.10 Z - 	- 0.10 -0.5128m 

	

' 	
- 

 Os  -O f  0.195 

	  - dW 	-W 	 'n 'io  
dt 	Z f 	 -410  
=0.1m W10  = 0.099m t10  = 0.774397 hr. til = 0.788300hr. 

Substituting these in above 

	

0.1-0.099 	0.0288x [0.1- 0.1+0.763+ Zf l 
0.788306-0.774397 	Z f  

0.001 	0.0219744 + 0.0288Zf  
or 	 

0.013909 	Z1 
or 	Z f  =0.51m. 

For Ti =0.20m. 
H-1-H, =0.20 +0.763=0.963m. 

	

:. 0.805 x 0.0288t -W 	loge  { 	  

	

0.963 x 0.195 	0.805 W + 0.963 x 0.195 
0.805 	0.963x 0.195 

=  W -0.23327331o5e  (1+4.2868174W}  
tet 

0.023184 

The calculation is shown in Table 3.1.2 and the result is displayed in Chart 

3.1.2 



1 0.01 0.008989 1.112448 
2 0.02 0.034994 :0.571522 
3 0.03 0.076697 ' 0.391149 
4 0.04 0.132927 0.300917 
5 0.05 0.202639 0.246744 
6 0.06 0.284899 0:210601 
7 0.07 0.378863 0.184763 
8 0.08 0.483774 -'0.165367 
9 0.09 0.598942 0.150265 

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 -1.473906 ; ,0.10177 
16 0.16 1.646081 0.097201 
17 0.17 1.824763 0.093163 
18 0.18 :2009635 0.089569 
19 0.19 2.200399 0.086348 
20 0.199 2.376897 0.083723 
21 0.2 2.396781 0.083445 

1 	16 

- -- -7 -- 

IIIINIONIMISI•11110116111111MMIIIINIIIMORMOMIIMINININ 
196151911111111161111111•111691611111891111111111111E1111111111611GEMBI 
1911111111111111111111111SIMMEZ11111111111MONININIEMEIBMIN 
INIENIIIIIIIIIIIMISION111111513210111•1111111111111111111131=111111111 
al111111 MMMMMMMM 111•11111111111111111311= 

MMMMM 111111111VIERMIll MMMMM 

EOM 	/11111111193E111 	  
51INKIIMINNIIIIIMIEFINIONICIBIZIIMIIMMS1111111111151 

119311111111111111111111M112101116112111011101111E=1121111651:111 

VillaM112/11111111111111M111111 MMMMM 
1111:6611111951=11111111112210,1911111111311EIMININSIONK 
NEI 

I USIIIIMEMEXIIMO 1111111511151MISMIIMMINIMMINIZIOEMIN 

111211=113111111•1=11111WIN MMMMMMMM 
1 US 
InaNanialllinainaMingii 

11110•111111•131111111111111 MMMMMMM 
MMMMM 1111111111•111/12 

11116:1112EMEMI•11111111133 MMMMM MIMI= 
MS VI 

5111119/11■=1,4=1111112111111111111111111111111111111/113m 
MMMMM 	 MM mums 

- 1.2 I.. 
• 1 

g 0.8 
co 

2.1 0.6 

• 0.4 

2 0.2 co 
0 

0 	1 	2 
	

3 

Time, t (hrs.) 

• • :6'..1 

- I (m/hr.) 

Table 3.1.2 

• 

7 
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Verification 

at", Z f  = 	=11:026 - 
--- 0195  • 

dW  
= 	 , 

	

dl 	2- 	. '  - 

W21 -W20  

121 -120 

02.70.199:-  
Or

- 2396780992-2376897446 	• 
0.0288 f0:763+2i 	 . . 

" • — 

	

Or 	0.050293 Zi.,=.0.021.9744.+0.028.8ifLZ 
— 

	

or 	Z =1.0224... 	• 2 - . . 

The values from (4(2) 

- - 

Let us apply 500mm water ikH'= 0.50 •  

:.H+H c  = 0.50+ 0.763=1.263m. 

0.805x0.0288t = 1.263x0.195 loge 
0.805W +1.263x0.195} 

W 
0.805 	1.263x0.195 

0.023184t = W —0.3059441oge  t1+3,26857 14.1, 
W —0.305944loge  {1+3.268571W}  

- 
t — 

0.023184 

	

The result is shown in Table 3.1.3 and Chart 3.1.3 	. 
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Table 3.1.3 
- . ,: 

S.N. W (m.) , t (hrs.) 
0.027025 

I (m/hr.) 
0.740043 1 0.02 

2 - 0.04 0.10383 0.385245 
3 0.06 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 
9 - - 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 1 0:38 - 5.73597 0.066249 

--20 ------ 76:219372 - 0.064315 
- 21 _0.42 6.71337 0.062562 

- 	22 - - 0.44 - 7.217389 -01060964 
0:059502 23 ;.0:46.3.730897 

24 0.48 8.253406 0.058158 
25 0.499 8.757713 0.056978 
26_ 	0.5_ 8.784462 0.056919 

7:52 



- _ 

Chart 3.1.3 	_ 
• ; 	, 

RIMNIIIINISINIIIIIMMORMISIIIMIN311111111,31X1111111111111111113111111111115111110111111111111111111111111011111111 
1121111101191111111113136181511118111116113111111111111111•1ThliallinnillislIssIMPENRIMMINS 
IN1111111111111111111111111111111111111111111111111111111111111111IIIIIIIIMMUNIM11011111111111111111MICUMMIR 
1111111111111111111■11111111ENNEENIMIIIIMINISEMINIIIMEMNISUM111111111511111EURNIRIBIl 

.1111111111111111111111111111311111131711112111111111191111111111111111111111111111811111ORMIMINIIIINESIMINEINUNIT 
I 1111111111111110101INIESEINIETINIMENIMISIIIIIIIIIIIISHISIIIMMIER111111•11111111111111MEINI 
1111/11111111111111111111211111111111111MINIMEMBINEEIIIIMIUMENE111111111111111111111111•11111111111 

0.6 ilE11111211111111121111211111101111111111111111122113111111$111111111111111111111111111111111111111111111111111111121111. 
11111111111111111111111111111111111EINIMER1111111111111111EINIENIMINIOUR11111•11111111111156111111111111111M 
111111111101111111111161111111111IIMIEURIMEM11111111111111ERRIIIMMIIIIIIIIM1111111111111111111211111111 
I 11111131116111111111111111111111§821.111111111121111111=111111111111111111111111111111111111111111NIMEMEMINEN 
I 1111111111111111/111111111111111511111111311111111111111111B111011111111111111611111111111MMIEMIUMEN 
11•119121111111111111111MOSUE Effill11111111E1111111111111111113111111311MINERIIIIIIIMMIENIMINSIMIII 
I 181.11111111112111111111111111MUM1111111111111111191M111131111EMBIBERIEMOIMIIIMMIMMI11111111111111 
I 111111111E11111111112910 IMISIE6IIEWRIONIMIIIKEISIMINIMMII11NIMINEIMIIIIIIIIIIIIIIIIIIIIIIIIIIM 
IIIIIIIIIIIIMBENNERMEHMENNEINIESINEMBININIIIIVERS111111111•11111111116111111111111ffillItilli 
111161111111111111111111115113111111511111911111111111111111111111111111111116118111111111151111111111111111111111111111111111111111•11111111111 
I 11111111111111MMEMISIMMINIIIIIIIIIIEMINIENIIIIIIMMINIIIIIMEInnaummagenups 
I IMIIIIIIIIIIIIIMISIMENINIMOISEININEMIM1111111111111111111111111111111111111111•111111•1111MENIMERMINI 
I 
I 11111111111111111111111111191ENEWSMENIMMIUMMIENEWIM111111111M1111011M1101111111111 
Ii 

 
m1muss111111119111411110111111111111111111/ENRIBEMIIIMBINIMENIMIIIIINSIMIIIIIIIIIIMEM 

■111111111111111111.121112111111111N11111111MINIMISSININEMERIMMIIIIIIMMIIIIIIIIIIIIIIIIIIIIIIIIII 
• 21111111111111111111111116121161111SEIRIESIIMMEMINIMIIMMEMIRMINIORMIIIIIIMIMMIEUINER 
■ 1111111MMIIIIIENZIONSURINIMENIMINNIUM11111111111111111111•11111111111111111111111111111111111111111111 
• 11111111111MIIMIENEINIERNIIINECUMENIERMIIIIMENIMMEMINEIMIIMMUNIMII 
11111111111111116111MINSEIMMIIIIIMMINEMINIMIMIEMIEN1111111111111111111MMIRIMEENIEnniiii 
1113111111111MMUISIBEININIEMINIIIIIMMINIRIMINIEMERIMINIIIIIIIIIIIIIIII11111101111111R 
1111101111119111111511111321191112111111111111111111121111111/1113111111111111161111111111111111••••■=1111111111112111111111 
11111111hAnillitillMEINEIMMILIENNENIEREMIMIIIIIIIMMEN111111111111111111116111111111nallilin 11111111111101.141111113BIBMintISIONSEIVIESIMINE311111101111361111MINERIIIIMERMI111111111111811111110 
1111911311111111110.9411110101111E101/111111111MMIMMOUNIESERIMINIIIIIIIIIME111111111011111191 
1111111111M111111111111111MOMMENIElaseasmarm.. 	== aaaammaiuM111•111111181111111111111111111111112 
111111111111111111111111112112111151113111111111MMIINEIMINEEMEINUMEMBIlalrnumAIIIIIIIIIIIII 
11111.111/11111111BEREEI1ERRIMEMMIEURIE1111111111111111911MIUMIIIMINE111110111111 
11111111111115121/111111WINEMEIMESIMINEENIIINESSIMENIMIMININUMMIIIIIIIIIIIIIIIII 
0 8 10 

2.53 

0.8 

0.7 

Z' 0.5 

Q4 

a 
2 0.3 

0.2 

0.1 

0 



3.2 RECLAMATION OF SODIC LAND 
3.2.I General • 

When saline soils are leached during reclamation, or :Whet ;ekCeSs of 
irrigation water is applied to maintain a low salt content after reclamation, there is 

• • 	• 
always an encroaching fluid whch displaces the salt solution with which it is supposed 
to be _completely miscibleAn this chapter, iwe,will,contider that depth of root zone 
which is theiproblematic zone, and _considering it as a singlexeserycir we,*ill develop 
a mathematical model to know the salt concentration after leaching. 
3.2.2:Statement-ofthe"Problem. 	5 	 _ 

Solutes are;present inythe 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 dispersion and diffusion is taken into account by assuming the 

- - 
reservoir to be: thoroughly mixed reservoir. At a particular time salt concentration 
varies from one reservoir to other. 

Let the concentration of salt in the mobile water be Cm  and that in 
immobile water be Ca, the rate of transfer of salt from finmoble water to mobile water, 
or vice versa, can be given as: 

dCa = —K[C, (t)— C„, 	 3.2a dt 

where K is the mass transfer, coefficient (day") dc, . 	is the decrease in salt 

concentration of solute in the immobile region. Fig. 3.2.2 shows the schematic view. 
model assumes- that :this rate, of exchange. is :.proportional: to , the 

concentration differance between-the ;two,  liquid ..,regions ( Bch, G.H. ). The mass 
transfer coefficient is proportional to the molecular diffusitivity of the component in 
the water, to the total area of the =face of contact between the two fluid phases, and , 	• 
inversly proportional to some length et hatictrizing the distance between the centroids 
of the subdomains occupied by the two phases. In principle, this coefficient need not 
be a Constant, although it is often approxitnated as such 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 cc: and 
suggested that 

a =15D0„' 
tim, . 	, 

...3.2b 

where rim is the radius of spheres of immobile water in theft,  porous medium model, 
and 	where,  E6 & Ofiore water contents of these two coninua. 

With this concept, we will derive for the,' Salt concentration whenAhe 
saturation- front has not crossed the reservoir;--and when if has crosSedthe reservoir. A 
pictorial view isshown. below: • 	• 

• 

Os 

Root Zone Depth 

Fig. 3.2.1 

3.2.3 Salt Balance, When the SatUration Front has not Crossed the Reservoir 
Virriting 'equation 	in finite difference 'form, 

r  	  Kic kt 
or, C a(t+ At)-C a(t)=-K.At[C(t+ At)-C„,0+ AtA 

or, 
(1+ icet)c„,(t+ -x.er.c„,(t+ At) = co.(t) 3.2.1 
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Free Water 
(Mobile) 

ZI  

-K(Ca(t) - Cn.,(t))' FTKOroughly- 
Mixed 

Reservoir I 

/ .,,!•_ --, 

Fig. 3.2.2 

• • 

z 

Adsorbed Water 
(Irtimobile) " ' 

er-ol 

Now let the irrigation water with salt :concentration Ci .be. applied. on the 
surface of reservoir. Let us assume that within the saturation :front the reservoir is a 

thoroughly mixed reservoir. %. 	• 

For spine time after onset of infiltration, the reservoir only receives water 

and there is no outflow of solute, as the saturation front has not crossed the depth Zf. 

Under such situation, the solute volume, V(9, increases with time because' of 
infiltration and it varies vvith time. 

Considering salt balance over a time period of At in an initial control 
volume V(t), 

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(t).Cm(t) 	[V(t) = Volume of mobile water] 

(ii) Rate of incoming salt from immobile region = —012 dC a(t) 
" dt 

(
dCo(t)  is negative because C a(t + At)< Co(t)) dt 

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

(iv) Final saltmass =AFet-FAtiCkt-*' '!'. 

-Therefore, 

• V (t)C m(t)- 0 f  f .dC 0(t)  .At+ q.0 „At =v (t AOC m (t At)  

or, v (t+.0c„,0.-tetyv (t)cm  0= q.C.At - 0 f .Z f . 	 
dr' 

or, 

dV(r ) 

At 1V(t)±  di morE 	- 	vo-cin( 
)] 	(7 f() ZAt+.641 {Ca(+.61) Ca() 

2 	- 

	

- dCni() 	

et 
 } 

dcmo 	dvo 	tz 	z fo-,A41 tcao+&) -caoi 
VO).  cit 

+Cmo.  di   - q.Ci  O f . 
2 	• 	At 

or, vo{Cmo+At)-cm0)1+cn4,-){voltv)---  vol.  - 
et 	

IgC, B f I Z  A)+Z  f(m-At  

	

2 	
C a(t)  

or, 

vor vo.Cmo) 

Of  tZ f(t)-+- 

et 	m('+At) At 

• . 
= 

7 . 
qC 

2.A1 - 

V(t)} 

4( 4-&)+ 
• • 	0 ftZ fk)+Z f0+°: 

2At 
.Ca(r) 

Or, 

j  
f  {Z 	Z  f0+Al)} 	V(i) 

2.At 	-C 4+,60+ At  m(t+At) 

t j.c„,(0 -  v(r+Ao.c„,(,) 	At j-Ez fo+„,, 
qC1 -1- 	 

At 	At 	 2.At 

3.2.2 

57 



Equations 3.2.1 and 322 givethe following matrix: 

Ca(t+6r) 
1+K.At — K.At 

e 
(Z/0)+ (t+.61))  

f 	2.er 

i +Z 1)}c  ) }0m, 	
2At 	• 41  

qCi  + 	—V(t+et) 
" 	

(Zo AH.,6 +O f . I  

3.2.2 
at t = 0, 

1+K.At —K.At 
Ca(& ) Ca(0) 

ki(o) +Z1'(e1)} 	V(o) 
2.At 	At _ C _ not ) qCi (2V6) —V(&)

/Cm(4))  +0
f 

 (Z1(0)+ZAÀ )/Ca(o) At 	 2.At 

At Cm(t+Ar) 

{Z foo+ Zit(*) 	Fiet) 
At _ Cm(At) 

+ Z .112ez))c  frot)—V(2.6t)}cm(At) +of  (ZA&)2.,61 	aot) qC, + 	At  of  
2At 

at t = At, 

1+K.At 
- Ca(2m) 

-K.At 
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Therefore the equation 3.23 can be:generalized as: 

{

Co  (n At) 

C„, (n At)} 

where 

A 
	

B 

     

A  1=  
Of . 

tZ  firr-utt)  I  -Z f 	} 
2.At 

Icritit) 

 

   

    

     

C4-7-4,54 

B 

2171=m) V(n 	 { fri-utt)+ Z  AO if , qC, +  v" 	.C47164 + Of  . -471-7i,60 At 	 2.At 
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equation 3.2.5, we get 
.,; 113 i.rS.1 ' 

Cao 

V - q.A0C „,(,)+ çj.C1  At + 0 f  .Z.Cao O f .Z 	V Cm  

V Zi.(os - 

- -- 	3.2.6 

= 

3.2.4 Salt Balance, When the Saturation Front has Crossed the Reservoir 
L.% 

; • 
Adsorbed Water 	 Free Water 

qCi 	y (Mobile) 	- , 
Orol 

Thoroughly 
I Mixed I 

Reservoir I 

.T, 

:111 
Sal t 

Moisture -, 	 
	 os 	 

qC 
- 2. - 	 

ci, is the salt concentration of effluent 

Fig. 3.2.2 
• ;1, - 

	

	 .." 

Is 

s' - -1.' ,When reaervoir is.filledisaltbalanee incthe-mobiletegion is given-by:--::. 
^ • - 	 - [2.1 dt •At+TC;-.At-g.C„,0)At =V .0 

1:irrtj buE 
- 	, or, V.Cin( +&) =(V-q.At)Cmo+ q.0 At -9  

0-21:  
Or, O f.Zi.C4+ )+V.Cmotzto 

Or, 	 V 

   

V -q.dt)C.0)+q.Ci.At +9 f  
7 ; 

3.2.5 

   

 

r;fiiii'4A4 

 

     

      

'Auation . 3.2 will .1 -* 
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Generalizing the equation 3.2.6 for time steps t = 0, At, 2At 	(n-1)At, 
we get the.equation, 

1+ K.At 	 Coi(TiAs) • 

3.2.7 

O f  .Z1 	_ . 	C„,( 	-q.,A4C m(;-7-21- At )+ 9.0 .At te f zica ,(7-4, ) •, 	• 
I 

The time vvillliesounted from the point when the saturation front has 
crossed the reservoir. The' coaéiifration can be known after the applied water is fully 
infiltered, by knowing the infiltration time from equation 3.1.5 or 3.1.7, as the case 

may be, putting W = Ze.(0s - O3, where Zf is the depth of saturation front. Now, we 
will take an example. 

3.2.4 EXAMPLE 
i•jf • 

Let us assume initial moisture content of soil At = 0.290 and the moisture is 

at field capacity. The moisture content at saturation Os = 0.485. The hydraulic 

conductivity Of soil-Ks = 0:02881n/houi. Let' us' assume that the depth of problamatic 
soil Z = 1.0 m. The mass transfer coefficient K = 0.2 per day. Fresh water is applied 
and the depth of applied water = 0.50 m. 
3.2.4.1 CALCULATION 
(1) When the Saturation Front has not Crossed the Reservoir 

, - 	 • 	 . 
Water in-filtered Voi  At) and infiltration time is calculated using equation 

• • - 

3.1.5 that are displayed in first and second cOliitrin of Table 3.2.1. At is calculated . 	, 	. 
taking differences of consecutive times and, .shown in third column of the table. 

Progressive depth of.saturation front is .calculated dividing yol  64 by (Os - Oi) = 0.195 

and shown in the fourth column. 
Comparing equations 3.2.4 and X, the elements of the matrix are 

calculated as below: 
A =1+ K.& 

B -K.N 

f rr-i&)+%Z.Iqn ,841 C -0 O. 2.At 
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Table3.2.1 

v 0, A olTime,t A t z./.6 ,10 A 13 C  D - --.E - - ' 	F C 	. (a  , ) C 	. (A s) 
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 - i0. 21.633 '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 - 2265 t3541 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 

.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 02308 1°.000218 :2E-04 '.4031.5208 9.9915* '24:023' 0.011843 9.98934 
.0.05- -0159 - 0.029 .0.2564 1.000241. ,2E-04 .2.438 1.55239.9893 ,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 
0.06 --. . 0:225 0.034 0:3077 1%000283 .-3E-04 2.506 1.6121 .9.9843 25.03' 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 

0:3 '0:039 '0:359 1-.000324 -3E-04 '2.575 16676 '9:9785 '25.733' 4026038 9.975266 
0.075 0.342 0.041 0.3846 1.000343 -3E-04 2.61 1.6.944 ,9.9753 ,26.075 _0.02943 9.971856 
0.08 0.385 0.044 0.4103 1.000362 -4E-04 1644 1.7207 9.9719 26.416 a032991 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 0.691 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 0.08 0.6154 1.000497 5E04. 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 0.063 0.6667 1.000527 75E-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 0.7436 1.000569 -6E-04 3.092 2.0429 9.9124 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 n0.8205 1.000608 -6E-04 3.196 2.1148  9.8953 31.836 0.109163 9.889364 

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 1.000691 -7E-04 3.437 2.2812,9.8513 34.183 0.151317 9.844633 



(2) When the:Saturation Front litit'CrossedlhO Reserivir - 
_ 	The calculations are made using equation 3/.7 and the reSulti are found as 

below: 

Cm ( n At) =-. 0.328791, and ca( nA0 =-. 9.312389. The calculations are shown 

in Table 3.2.2. 

Table 3.2.2 

70760 ime, t (hrs.) - 1‘z*" 	I .cr (m/hf.) A. B . 	E F c.-0.4-' c'ea(e'0  
0. 1.98856496 0.088565 ' 0.100575 1.000735,-  -0.000735 9.844633 2.883103 0.15499 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 0.087157 0.09715 1.000723 -0.0007231  9.83062 2.880445 0.16201 9.823631 

0. 	A 2.25001125 -0.088396 . 0.095555 1.000734 -0.000734 9.823631 2.879076 0.165523 9.81655 
0. 	A 2.33962324 M.089612 0.094032 _1.000744 -0.000744 9.81655 2.877682,_ 0.169034 9.80938 

V 0.2 2.43042794 0.090805 0:092576 - 1.000754 -0.000754 = 9.80938 2.876261 0.17254 
0.17604 

9.802122 
9.794779 0.2 2.52240299 '0:091975 0.091.183 1:000763 -0.000763 9.802122 '2.874814 

_ 0.2 . 2.61552665 0.093124 0.089848 1.000773:--0.000773 9394779 2:873341 0.17953 9.787353 
. 0.2 . ' 2.70977779 0.094251 " 0.088568'_1.000782 J-0.000782 9387353 2.871842 0.18301 9.779846 

0.2 " 2.80513585 0.095358 0.08734V1.000791 -0.000791 9.779846 2.870318 0.186476 9.772259 
0.2 2.90158082 0.096445 0.08616 1.0008 -0.0008 9.772259 2.868768 0.189928 9.764594 
0.2. 2.99909325 0.097512 0.085026 1.000809 -0.000809 9.764594 2.867194 0.193364 9.756854 

9.74904 0.27 3.09765418 0.098561 0.083934 1.000818 -0.000818 9.756854 2.865594 0.196782 
0.2 3.19724518 0.099591 0.082884 1.000827 -0.000827 9.74904 2.86397 0.200181 9.741153 
0.2 3.29784828 0.100603 0.081872 1.000835 -0.000835 9.741153 2.862321 0.20356 9.733196 
0.2 3.39944597 0101598 0.080896 1.000843 -0.000843 9.733196 2.860648 0.206917 9.725169 
0.2 3.50202123 0.102575_ 0.079954 1.000851 -0.000851 9.725169 2.858951 0.210251 9.717076 
0.2 3.60555742 0.103536 0.079045 1.000859 -0.000859 9.717076 2.85723 0.213562 9.708916 
0.2 3.71003836 0.104481 0.078166 1.000867 -0.000867 9.708916 2.855486 0.216849 9.700691 
0. 3.81544827 0.10541 0.077317 1.000875 -0.000875 9.700691 2.853719 0.220111 9.692404 
0. 3.92177174 0.106323 0.076496 1.000882 -0.000882 9.692404 2.851929 0.223346 9.684055 

0.31 4.02899376 0.107222 0.075701 1.00089 -0.00089 9.684055 2.850116 0.226555 9.675646 
0.31 4.13709969 0.108106 0.074932 1.000897 -0.000897 9.675646 2.84828 0.229737 9.667178 
0.3 4.24607523 0.108976 0.074186 1.000904 -0.000904 9.667178 2.846423 0.232892 9.658652 
0.3 A 4.35590643 0.109831 0.073463 1.000912 -0.000912 9.658652 2.844544 0.236018 9.650071 
0.3 4.46657968 0.110673 0.072763 1.000919 -0.000919 9.650071 2.842643 0.239116 9.641434 
0.3 4.57808169 0.111502 0.072083 1.000925 -0.000925 9.641434 2.840722 0.242185 9.63274 
0. 	, 4.69039946 0.112318 0.071422 1.000932 -0.000932 9.632743 2.838779 0.245224 9.62 , 
0. 	, 4.80352033 0.113121 0.070781 1.000939 -0.000939 9.624 2.836815 0.248235 9.61520 
0.3 4.91743191 0.113912 0.070159, 1.000945 -0.000945 9.615205 2.834831 0.251215 9,6063: 
0.3 5.0321221 0.11469 0.069553 1.000952 -0.000952 9.60636 2.832827 0.254166 9.597,  • • 
0.3 5.14757907 0.115457 0.068964 1.000958 -0.000958 9.597466 2.830804 0.257086 9.58852 
0.3 5.26379126 0.116212 0.068392 1.000965 -0.000965 9.588524 2.82876 0.259976 9.5795 
0.3 5.38074738 0.116956 0.067834 1.000971 -0.000971 9.579535 2.826698 0.262836 9.570499 
0.3 5.49843639 0.117689 0.067292 1.000977 -0.000977 9.570499 2.824616 0.265665 9.56141 • 
0.3:' 5.61684747 0.118411 0.066763 1.000983 -0.000983 9.561419 2.822516 0.268464 9.55229 
0.3 5.73597006 0.119123 0.066249 1.000989 -0.00098$ 9.552295 2.820397 0.271233 9.54312 
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0.39 5.85579383 0.119824 ,_ 0.065747 .1.000995 -0.00099 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 • -0.00100. 9.524668 2.813934 0.279356 9.515377 
0.4 6.21937216 0.121867 0.064315 1.001012 -0.00101 9.515377 2.811744 0.282003 9.506047 

0.41 6.34190167 0.12253 0.063861 1.001017 -0.00101 9.506047 2.809538 0.28462\ 
0.287206 

9.496678 
9.487272 0.41 6.4650839 0.123182 0.063418 1.001022 -0.001021 9.496678 2.807314 

0.42 6.58890977 0.123826 0.062985 1.0010281 -0.00102: 9.487272 2.805074 0.289763 9.477829 
0.42 6.7133704 0.124461 0.062562 t001033 -0.00103 9.477829 2.802818 0.29229 9.46835 
0.43 6.83845705 0.125087 0.062149 1.001038 -0.00103: 9.46835 2.800546 0.294787 9.458835 
0.43 6.96416121 0.125704 0.061745 1.001043 -0.00104 9.458835 2.798258 0.297254 9.449287 
0.44 7.0904745 0.126313 0.06135 1.001048 -0.00104: 9.449287 2.795954 0.299692 9.439704 
0.44 7.21738873 0.126914 0.060964 1.001053 -0.00105 9.439704 2.793635 0.3021 9.430089 
0.45 7.34489588 0.127507 0.060586 1.001058 -0.00105: 9.430089 2.791302 0.30448 9.420441 
0.45 7.47298807 0.128092 0.060217 1.001063 -0.00106 9.420441 2.788953 .0.30683 9.410762 
0.46 7.60165758 0.12867 0.059855 _ 1.001068 . -0.00106: 9.410762 2.78659 0.309152 9.401053 
0.46 7.73089687 0.129239 . 0.059502 1.001073 40.00107 9.401053 2.784213 . 0.311446 9.391313 
0.47 .7.86069851 0.129802 0.059155 1.001077 '40.00107 -9.391313 2.781821 • 0.313711 9.381544 
0.47 7.99105522 ..0.130357 0.058816 1.001082 -0.00108 9:381544 2.779416 0.315947 9.371746 
0.48 8.1219599 0.130905 • 0.058483 1.001087 :-0.00108 9.371746 2.776997. 0.318156 9.361919 
0.48 , 8.25340552 0.131446 ': 0.0581.58 1.001091 :--0.001091 9.361919 2.774565 0.320338 9.352066 
0.49 8:38538525 0.13198 - 0.057839 _ 1.001095 (--0.00109 9:352066 2.77212 .  0.322492 9.342185 
049 _ 8.517892331  0:132507 ..0:057526 .' 	1.0011 .. _ :. -0.0011 _9.342185 . 2.769661 0.324619 9.332279 
0.5 665092018. -0.133028 ' 0:057219 1.001104 .-0.00110 9.332279 .2:767191 0.326718 9.322346 
0.5 • 8.7844623 0.133542 0.056919 1.001108 -0.00110: 9.322346 2.764707 0.328791 9.312389 



_Ca nr.iAt) 

. E . 	- . 	F. - Day. . _ . e , 6 A 1  ) C,-  

9.312389 2.764707 T -2.113205 8.112525 
- 8.112525 , 2.764707 ,. :-, 2 ;,3304853 1311246 
7.311246 2.764708 3 4.100646 6.776146 

'6.776146 1 -2:764708 ie- 	-4 -') 	- :4.632083 '6.418802 
6.418802 -2264709 .: 	, 	5. 	, 4986982 4986982 6.180166 
6.180166 - . 2.76471 -6 - 	' -5223987 6.020803 
6.020803 2.76471 7 5.382262 5.914379 
5.914379 2.764711 8 5.487959 5.843309 
5.843309 2.764712 9 5.558546 5.795849 
5.795849 2.764712 10 5.605684 5.764155 

■-■ 

Now, suppose after 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 immobile region to mobile region. q will be zero and equation 

3.2.7 will be ch 	
ni

anged tO: 

1+ KAt - 

V 	 -;) 19 ,i2 

LI-  Making Ai = 1-day; -K = 0.2.per day 
- _ 

= 1.2 

B = -0.2 - 

-C =-0:29 

D = 0.195 
_ _ E ----: a n i.:64 _ 	- 	 L 	; 

" 	
! ■ F --- 0.195.c„,,,) ÷0.29.C4T4,6t)  

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

below: 

CB-1-(i1--At) --5:605684 --- 

Ca(n61)= 5.76155 

Table3.2.3. , y_ 	• 	::.1 
Exchange in Salt Concentrations for ten days 

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

chart 3.2.1 
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Chart 3.2.1: Variations in Salt Concentrations in ten days 
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The red curve is C.( n ) and- the blue curve is Cm  ( n at ). 

Chart 32.1 shows that the rate of increase in salt concentration of Ca(nAt) 

is more than the rate_ of decrease in-the concentration of C,n(n4t). This is because the 

volume of the immobile water is more than the volume of mobile water. Let us have a 

	

. 	7 

	

test checking taking 	OAQ -and Oi = 0.20 so that 	in both regions equal the 

calculation is made. and;the result is_displayed- in Chart 3.2.1 a:- - 
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It is clear from Chart 3.2.1 a that C. and Cm, 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 
3.2.3. 

1 2 3 4 5 6 7 8 9 10 

Days 
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. 	. 
Now;'again aft& applying 0.:50 m. water- and neglecting the exchange 

6 	 , during the time when reservciir -is' being filled, because the difference in salt 
concentrations in mobile and immobile regions is negligible, and taking average q as 
0.06 In/hr., Equation 3.2.7 shall be applied and the result is found as below after 
leaching:  

Cm = 0.593083 
Ca  = 5.538464 
The calculations are shown in Table 3.2.4 and the salt concentrations after 

leaching are displayed on Chart 3.2.2 

, . 

Table 3.2.4 	' 
Reduction in Salt Concentrations 

S.N. nAl q =I E F C .C.A0C 
hrs. Wm% C 	 (-_-,-- a , ) .('7.7,-)L  Cm Ca 

1 1 0.06 5.764155 5.605684 2.428372 3.903637 5.74884 
2 2 0.06 5.74884 3.903637 2.194155 2.739362 5.724067 
3 3 _0.06 5.724067 2.739362 2.029793 1.942773 5.69294 
4 4 0.06 5.69294 1.942773 1.913227 1.397582 5.657582 
5 5 0.06 5.657582 1.397582 1.829372 1.024278 5:619443 
6 6 0.06 5.61q443  	1.024278 1.767916 0.768501 . 5.579511 
7 7 0.06 5.579511 0.768501 1.721806 0.593083 5.538464 

r‘r 
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Chart 3.2.2: Leaching of Salt 

,:.„,..•Zfr;; 

1 2 3 4 5 6 7 

Time, t (hours) 

— Ca 

— Cm 

..: .t 	.".*, '---• 	Z_. -- , C ay (n Ar) C 	a (Pe A t ) 

E - rc:-F .-,-; - Day ,:-k•. -:. i c•-.. .. on-: Ca 
5.538464 1121806 1 1.575386 4.877951 
*877951 1.721806 2 	' 2231376 4436855 
4:436855 1.721806 - 	 3 	• 2.6694524.142288 

=.4.142288 ' '1121807 .' ' q 4 :2.962003 :, 3.945574 
=3.945574 '1.721807 '-. 	, ,- 	'5 --..- 	' 73.457372 :3.814207 
:3.814207 ',1: 21807 -..: ?i6 ' 	. 2'3287841 3.726479 
c3.726479 -:.-1721808 --'-. -, 	'.- 7 	'''' ': 3.374969 - 3.667894 
-'3.667894 1:721808 8 	- 	''... T3.4331553.628771.  
, 3..62871 1:721809 - 	9 	= 33.472012 = 3.602644 
3.602644 7 1:721809 -; ;" 10 	• = - 3:497961 2 3.585197 

-Z. • ' 
• 

• 	

t e 
v.— 	— 

' 	

▪ 	

t 

• 

Now, _again the soil is left for exchange for ten days and the result of _  
exchange after ten days is found as below: 

ii 	 in(n At) ;;;.' 

Ca(Rat)= 3.585197 
	

a' 

The calculations are fsitown7in: Table?3(.2:5. and ,,ther 'exchange of salt 

concentrations are displayed in chart  

J1.1 

icf•..C1 - •)-'..;,..' • 

Table 3.23 

Exchange in Salt Concentrations for ten days 
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Chart 3.2.3: Exchange in Salt 
Condintration 
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Now, again the leaching of salt is made Witii:0.50 rn. water and the result 
is found as below: 

Ciiir; ;61 	 .369685';',- (say c 037) 	• 	, 	- : 

Ca ( n  61) = 3.445003 	(ay, 345) ( . 

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 concntration as 3.82 m mhos/ cm..  
which is in safe limit i.e. less than 4.0 m mhos/ cm. Thus the total leaching 

requirement comes out to 1.50 m. 

. 	 . 	.. 
Table 3.2.6 	. 

Redudion in Salt.Concentratioill --- -- — 

-S.1■1: PAP ci.F I: :.--;..; 	'„ ,, 	,-,:. --y•F 	' C 	',..-(..A,) C 
:,• ;hrs. mihn c-7.-a, ) .. 	' 	,. '. :-.CM Ca e . '-:1-,‘ 01 

1 .:'- 	j 1 0.06 - :585197 3497961 _ 1.511932 .2:435739 3.575735 
2 ...E 2 - am :...3575735 2.435739 1 365788 ,1:709133 3.56037 
3 -.. 	3 0.06 .,:.. 3-56037 1/09133 - 1 26324 ;1211995 3.541039 
4 _ • 4 -, 0.06_,  3541039 1211995 1.190521, ;0871752 3.519066 
5 _ . ---.:5 .,ao6 . 3519066 0.871752 1.138216 -0.638781 3495356 
6 :,:r6 :i006 .,6495366 0.638781.. 1:099889 .0A79158 3470528 
7 -7 .10.O6a470528 0.479158 1.071139 '0369685 3.445003 
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Chart 3.2,4 Leaching of Salt 
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3.2.5 APPLICATION IN SODIC SOIL . - 
Introduction 

The reclamation of sodic soil requires displacement of Na from the 
exchange complex and leaching of displaced Na. An adequate drainage is required 
for efficient leaching and-amondnient of gyp----Sum is required so that the divalent 
cations Ca2+  displace the Na+. 

When gypsum is applied as an amendment, two processes are involved: 
1. Solubility of gypsum in water 
2. Cation Exchange Reaction 

As far as solubility of gypsum is concerned, 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 

Exchangeable Sodium will be (30 —10) 
too

x100  = 20 moll 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.Cads  + Of_Ci 
Where, Cads  is the adsorbed salt concentration. 

p is the bulk density of soil. 
Cl 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-1  (cgs unit) =1 dS m-1  (SI unit) 
1 meq/litre =12 mmhos cm-1  at 25°  C 

where, meq/litre is the concentration (C) of soil solution 
and mmhos cm-1  is the Electrical Conductivity (EC) of soil solution. 

EC (dS nfl) x 10 = C (mmol 	[sum of dissolved cation (or anion) charge] 
EC (dS ni-1) x 640 = Total Dissolved Salt (mg L-1) 
EC (dS ni-1) x 0.40 = ro (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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; 7; ...',„;;;•,-;11;';); 	%:!CHAPTER  

" '" f:  IMPACT'OPRECLAMATION'OF gODICIAND- 	' 

ON - 

GROUND WATER QUALITY 

4.1 Introduction  

; Themomportant phenomenon taking:intotIte, soil matrix is that cation 
exchange makes it possible that:ions, that are brought into the system via,* -solution 
phase, are retained:..by;, ;the soil (e.g. 	from ;fertilizer, salts, ,1\11-.14-ions.,:from 

;4, fertilizers or. other sources, Na-ions from waste water etc.). In such.a casethe cations 
whichlvere held originally byhe solid phase are exchanged and.released into,thesoil 
solution. A.s ,a sule.  the ,aclsorption.-,of :cations iis a beneficial characteristic„ottlie „soil 
systeul that„provide: nuetrients::toi the;  crops. ,  Atithe. same:time . nnwanted,polluting 

;Cations may ;be retained,  in :the: soil *stead of being passed on to the groundwater. 
However, excessive adsorption of unwanted cationscould, disturb the s!)il systemas a 
biotope. The adsorption of Na-ions is the special case herein thepresent topic:  

Therefore„whensodic land is reclaimed, the, salt goesinto the groundwater 
and .we,:are,botmd.  to compromise:with the groundwater quality.,Aeeping.  this, in, mind, 
the reclamation is made only -upto the extent that SPR of the soil 'nay get,reduced to 
lathat is tolerable..On ,the other hand, every effort is made to have.proper drainage so 
that thesaltmay,not gocinto thegronad water„..: 	 , 

Whule reclamation is done in a wide area, there should he monitoring of its 
impact on ground mater quality. A-study is presented here that is, based onthe report 
ofRemoteScnsing Application Centre, Uttar:PradesM,ticknow. 	„. 

	

1*k-gFo)..r4. of 4FPgrit 	 i 	r: 7; 	 fri-".p 	rf, 

1" nL 	,The Ernrironinent.Management Plan of U.P., Sodia,and Reclamation Project 
envisages a continuous -monitoring of ground water a.nd-su.rface water to study the 
effectof reclamation process on. the, quality=of water. _Ground water; studies have two 
:components one general grotmd watermonitoring and-the other detaile,d groundwater 

• monitoring. Thi:s report,deals.with-the.detailed,ground water monitoring components. 
Under this components of study, two piezometer clusters comprising 4, total of 

10 piezometers at each site have been constructed at Hardoi and Raebareli in 1995 & 
1996 respectively at varing depths in Phase -I. Deepest piezometer is centrally located 
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and a-Automatic Water Level Recorder (AWLR) was installed in 1996 for continuous 
water level;•monitoringat .both;sides.;  piezompters were:constmcte4 at depths of 2, 4, 
6, 8, 10, 12, 18, 24, 30 and 32 m bgl. ; 

Location of one Piezoineter cluster in Hardoi reclamation has been constructed 
in village Ramaiwa 	 cluster site is located at village 
Baikhara (Chandu Ka Purwa), block of Amawan of Raebareli district:.  •'• ' 	• 

'Iii HardOireclantatidñ area; piezometer cluster was con.-  sthicted in October, 
1995 and Authinatia • Water''LeVel • RecOrdef (AWLR) 	installed '-iii•AeePest 

'Piezonleter in Deteinberl 996'. PieiOnieter duster in Raebareli•teclaination arèà was 
ConstruCted-'in April 1996 and Atitinnati& Waterlevel Recorder- (AWLRY was 
installed • in'''DeCeitiber'' 19961  'hi 'Plidie41;'' under -Detailed -1 -.watee- Monitoring 

• cOmPonents,f ihree 	cliiiteraliaive''beeli • constrUeted in Village' 'Ainthoo, 
Pratapgaili, villagethatraNagla;'IVIaniPtirlatid'village Barhin, •Ainiiya.aistiieta:The 

''eadi'Clu'ster•Consista 44'pleiOnieterS installed at thee depth' of 3;'5,:10 and 151.4i bgl. 
- 4.3.-Asgissitient of GiTitttid Water • 	" • 	- 	*- • " • 	• 
4.3.1 Ground Water Leiël 	 ' 	* • ' 	"' 	• • 	r  • • 

In the redninatk:•ii' Year 2000,;thei 	water quality level and quality 
Monitoring 'iá's Made thilee:in the Year Ee: pre.  iii-Oniciiincpast Monititin.  and -pOitsrabi 

• 
 

at threepieiiiiietei blusters' site oKharra Nagla(Manipuri), • Bailiii:(Aiiiaiird)''and 
(Pintapg"nii)?1'netbSinid ate'rlè reFwas reebided during ineinidnn-2002 

as: 5.50-5.60 m bgl at Barhin, 3.70-194' ;ifba Klara  Nagla :and 0.65' in 	at 

	

= 	 monsoon priOd-  water levetfeCoideit ii;Barbin is 5.10- 
5.26M-1;11, kbarraNigla. 3:10-to '3.20 thbglind 'fit'Ainthoo 0:50 rii bgt. The 'iVater 
level is measured "dining i)Osi'rrabi.  Peridd. 	'2.00 'are: at Báthi 4:00=5.10 in 
bgl and at Kharra Nagla 3.20 m bgl and at Ainthoo O65-07ô' bgl. TIiáseàsonal 

Of Water-level Abii4s.fesponsetO''rirediiitatireeeid'dtirinethe year 2002 
the 'reiPeotive" 	The àiei levels ecthdel in khariaigia'ehiatei 'how 

• pOtential'1:AratefItigied 	 cluster siieiiriterlev Fi -.-c.very 
'1.00 	in' all: the 'three teriOds: 

Paraleters 'analysed: 	'given' in Table 	The dita 'for: 	 in 
'Table 	 • 	 '• 

; 	, s 	• • 
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L.4.3:2:Ground Waterqiiality! 	 / 	 . 

i 	Depth-wiSeyariaticin,imdifferent cheiMeat 
i. pH ranges from 7.2 to 8.9 during pre monsoon period with maximum 

tAtfdeepet depth-of 	Inipast monstion period pH ranged from 
79 to 8.8 and during post rabi period, pH "WAS fonEtrangingfrouct 8.2 
to 10.0 with highest 10.0 at middle depth of 10.60 m at Kharra Nagla 
(Manipwi). 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 pS/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 tS/cm and in the post rabi it ranged from 382 

to 1375 pS/cm. EC values generally show decreasing trend with depth. 
iii. SO4  concentration is highest (750 meq/1) at 6.00 in 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. HCO3  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/1 being highest at deeper 
depth. 

43.3 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 in the study area falls well within the 
permissible limits. So there is no health hazards associated with the dissolved solids. 
Most of the values of EC, SAR falls in the C2S1 class indicating moderate salinity 
hazard, but samples collected during monsoon period falls in C3S1 class indicates high 
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salinity, which may be due to addition of salts from ground water recharge. However, 

since they fall in C3S1 category analysis shows low sodicity hazard and medium 

salinity hazard. As per U.S. Salinity diagram classification, there is no Significant 

deterioration in im 	water-, quality 'after inception of reclamation program in the 

• area. 	- 
- The U.S: Salinity :diagrani claisifications for different ‘distlict are shown 

"- • •••• from. Fig:4.1-  to.Fig: 417: • 
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Table 4.1 

DETAILED GROUNDWATER. MONITORING - PHASE-1 

DATABASE OF CHEMICAL ANALYSIS _ 

VARIATION IN CREMICAL PARAMETERS DURING DIFFERENT PERIOD 
IN INDIVIDUAL PIEZOMETER • 	• 

Recbintion Area :Village - Ramaiwa, District 

HIPC!7 77 1900 0 



-846 0 2-37 
822: 0 147_ 
6:81 0 2:10 
6.8; 0 2.25 

. 	0 2:47 . 

3.60 1..13 061 2:09 
138,  ' 1:22 	.0.71 	2.31 
192, 039 •023 1.19 
192 1.3.5 034 1.64 
3.81 	1.17 	'0:60 	1.45 

Sample 'pH EC CO3  1-IC03  SO4  a Mg -Na SAR RSC 
:No, 	p$/cm - meq/f, 	 meq/I. oieq/L _Inqq/L, 	meq/L 

Period : 43ctober;Novenib.or., 1997 
H/PC/5- 	7:8 	860 	0 
,I4/PC/6 	8:1 	780 	0 
.11;Pc/,7' . 7.$ 	640 	0 
I- 00k .8.1 676 0 

.• 	7.9 • 

Period:: March, 1998 

	

7.8 656.  0 6.00: 	2.91 1:31 1.17 "0.70' 138 
!C/b: 7.9 595 0 5:34 :0 -; 2.91-  2-'14- 0.65 0;40 23 
PT 	7.5 	 :5.80 . 	2A$ . • 0:69, 	0:41 

	

/P6.8 8:0 556.  0 5.28 	1.02 _1132 -056 :030 044 
z•09•:: 	::$.1 	552 	6.83 	0 	2.53 	4,21, 	0.61 , 033 	0.03 

19.98-  
p.s. 	633 	0:9'• 

1tPC/6 	8:4 	581 	4.45 
07 	8:6 - 465. 	0:9 
4,8-: • 	84 	461 	045 

8-.6 	486 	-045 
ToriOff:i9ovoliey-N0000', 1998 

051 	7:6- 	702 	'0 
, 	648. 	0 

3.6a 051 . 
3.15 0.68 
2.70 0.64 
2.92 0:66 
170 0:86 

635. 0 
630 0 

• 540 • 

0.38 • .3;85 	4:86 *;0.09 	1.69 
031 3.30 0:47 .0.03 1.24 
.060,  3.30 043 030 1.41 
:0.55 	1.92 	-128' * 115 	4.06 

248: 159 	73 149 
2-58 248 0:91 0.57 1:24.- 
136 	:214 	0.87 	0156 • 1..0.1 

..0:66 187 -132. 1.17 1111 

eriOd-: Post Rabf, 19s9 
'820 

	

`.1:8 	816 

	

7:9 	.864 

	

7.8 	1050; 

	

'A 	1528 
: Aloy4 one, 1999 

	

8.5 	640 
654 

	

0:7:-. 	84 	672 

	

;1-1/P08 	85 	460 

	

7.7 	-1000 	0 7/7 	5:.83 4:07 946 443 1.08 
Period 1.0ttober-November, 1999 

	

7.5 	653 	0 	636 	.0:04 :2.02 230 	162 . 1.10 	244 
06 75 605 0 6/7 0:04 1,-,48 1.82 1.141 0.70 0.97 

75 508 0 5.11 0116 229 4,54 :1.94 1.63 .228 

	

.15 	567 0 561 11.06 2.70 	 0.63 048 

	

7.6 	562 	:0 	5.94 - 0.08 - 2.97... 	1:89- 	1 	- 0.67, 	1.08: 

CIS
• 	- . 

.85 	575, 	- 0:45 „_4:95„ 	 .0:91 	0:62 	1.06: 
- 612 	045: = '5:46 	 0.55 	429, 	117- 	035 	1.01 

0 .6.65 -038 5-50 '2,03 0.91 0:47 -0.88 
0 	6,65 	4.12 	6.27 	L02 	0.76 	0:40 • -0:64 
0 '630 041 5:83 2.51 932 0.35:. ;10 
0 '822 '0.09 6115 KO 0:67 ail 401 

031 '4.62 .0;16 '1.65 	 10.79 9.90 

066 	4;95 	= 0 	-ISO 	:2.70 	:48 	'0.94: 	2:44 
166 5.11 0 2.10 '2:55 :1 	0.42 0:91 
0:66 .:5:11 	1:65 150.  3:02- 241 2.28 
0.66 346 0 1:_.20 2.25 0:91 0.69 048 



Sample pH.  EC co„ 
No 	 ,RS./cm meq/L 
Period : Ma011, 2000.. 

	

- 571. 	0  
0  

	

58.7 	6 
H/FC/S Io 505 0 

 0 
 *  

1I1PC15.: 8.9.: 404 0.93 

	

414 	0.46 
01' 	467 	_ 

1:1/PC/5 
11/PC/6 
HRC/7 . 

- 

1: 

033 
0 

0.53 
0 
0 -• 

Perioij:-..$4i.74ure, 2000' 

	

689 	0 
11/PC16 	83 	593 	0.43 

" 	
:. 641 	:0.86 

	

ii:,;08 	0 
11/Pc19 	8.2 	536 0 
Period October-November, 2000 

8,4 690 
7.6 682 
8.5 577 
7.8 578 

'7;8 672 

Pet16111::Ma.y4nie;•2002- 
5 	72 	538 	0 

IPf9  8.9' ' '.:426. 	0.46 
46  

11/PC/u 	, 
HIPI7 . 8.2 526 

uivcis 85 412 
C19 = 84 .463 

Period October-November, 200193  i:4 	 00  
. 

• 0 

0 46 

cô3  
rneq/L 

SO4 	Ca 
MOIL nett/ 

Mg 
Meq/1, 

Na. 
Met)/ 

S AR RSC 
meq/L 

5,35. 0.$2 2.69 329 1.05: 0:61 -O 10 

- 
6.37• 0.17 .2.69 .21 687 0.51 0.47. 
459 0.16 1.95 2-30 :47 1 z p 1 • 087 
4:84 0.42 2.19 2.86 0.82 031 
5:35 0..57 2.34 2.94 091 0.56 0,07 

5-,80 007 1.99 3,1s 13.9 0 86 0.63 
4.73 040 1.94 1-.34 01 056 412 
516 0.11 0.75 263 2.09 1-.60 2.11 
430 :0.12 124 2.71 1.00 .01 015 
3,22 .6.96 1.25 2.80 0,95 0:67 ;0,83 

4.84 382 1,22 294 1.57  1.10 0.70 
4.08 • 1,05 1.36 237 1.30 1.00 035 
5.35 0.01 :2.24 2.17 1.26 0.$0, 0.94 
4,33 0:81 132 2.75 1.02 0.70  0.26 
433 .032 147 269 139 1.00 0.13 

2:55 02O t02  1.44 1..39-  1114 Or 
278 026 210 032 126.- • 106: ‘0.42 
330 062. 255 089 %Si.  6-.67 :026. 
2.55 .039 •130 1.09 0.-93 0.25 
-2.38 016 110 . 	0.55: 

3.24 0,13 1.30 1.87 1.99. 0.-86 
0.10 240 146 0.91 066: 0.08 
0.21 170 1.88 0.96 .0.72 031 

3.24. 0.17 1.75 2.05 083 060 -0.09 
3 3 0.19 -130 1.96 0,96 6.71 031 

3.80 03,0 1:70 2.70 1.80: 111. ''0/3 
460 0.50. 2.10 230 110 1.21 

3.94 

0 
 .3.47 

.046 



Saul* pH CC CO 
No 	 ttSkni rneq/L 

Period : Post Rabi; 2003 

	

If/PC/5 	7.6 	503 	0 

	

HIP/6 	7,5 	506. 	0 

• 144)'C' 1'7 
 

7:7 	460 	0 
7.4 	505 	0 

UR'C ' 

	

' " 	.7 467 	0 

	

/9 	7  
Period ;. May-June, 2003 

Peria'CoetOb:er-November, 2003 
490 	0 
480 	0 
498 	0- 
464 	0 
•459 	0 

HCO 
niect/L 

SO4  
meq/1: 

Ca 
rriq/L 

420 0.43 1.35 
4.40 0.21 132 
420 0.37 1.64 
3,30 0.41 1.44 
3. 90 0.39 1.34 

3.63 042 2.05 
' 3.63 0.73 098• 
3.63 0.63 1.9/ 
299 0.56 0.85 
3.63 1.06 1.83, 

430 -  020 2.30 
4.30 0.20 2.30 
4.30 0.20: 1.40 
2.80 020 2.20. 
3.00 0 2.00 

, • ',II' ill/P.05 	7.5 	451 	0 
06 7.6 446 0 

1 irli:...trIP40 	7.6 

	

7.8 	494 	0 
::.H/00,f( 

	
427 	0 

 09 8,0 463 0 
' 

Reclamation Area : Village -- Oaikbara, District :- Raebareii 

Sample 	01  

	

Re 	• -= CO3  HCO3 ::504 	Ca 00,, ,':,.":  ':, 	. 8-/cm toll   3:jeqli, meq/ Inecta,  
...... ''..PertUi1.;1■10the, 1906 

6,93 
'297 
7.42 

,6A3 
10:89 

9.00 
. 650. 
1.75 
7:75 

5/0 
532 

- 4 A 

 4.68 

•-J5  '    R/PL- '...` 	.  7 7 	700 	099 

Rj 
	.2 	460 

	

J-:- - 	? 	 099 

	

ki6 
c"7,,::: : 	, ,.:1.4 	• .170. 	0 

. ' 	1.!. . 	78 	:890 	, 
"Ci   	- .870 	099. 
lEierieii.AugaistSetiteinber, 	1 50  -RI  1C'n'''s i' '..7' 	1996 

' 	 -.4.;-='  	850 	. . t 	 kitiC/5'. 	, , 	 825 
1:50 

	

.-?:,•-iiiPIC16: • 	. $.: § 	860  

	

840 	'').00 Ripp . , 
,290: 08'.. 	'8,6 	'. 860 

It  • i7i'V' './9 	8.6. 	860 	190 
p.-0.rod:;,ii,erNov.ember, 1996 

	

R)i...64, : , • '8.4 	1.04 

	

:-.:..Rilti6: " 
	

1200
82  1100 	1.56 

L. a/PC•17 . 	. 

	

900 	194 
kik/8' 	• SA, -... SOO 	0.52 ,  

, ''. ... OPC/9: 	''''P' 

	

1000 	1.04 5 A6  

032 
0127 9:0 

 
032 
0913 

, 	0 
0 

0 
0 
0 

061 
668 
034 
1.11 
6. 94 

'3.19 
.0.49 

-i.2 4470 
;230' 

035. 

)3.35 
1.00. 

'145 
-125 

038 
1.04 
:194 
-1.56 
1,.50 

Mg 	Na 
theti/L 	meq/L 

S-AR RSC 
Ineq/1. 

2.02 1.47 0.80 °AO 
7..95 1.28 4.73 0.331 
135 1.09 0.18 0.27 
2:05 1.02 0.21 0.27 
117 L18 0:43 .0.31 

,L23 1.65.  0.35 129 
1:75 1.56 0.00 . 134- 
J.65 1.43 0.01 .1:06. 
1:77 L35 0.37 .1.18,  
1.34 • • 1::56 0.26 1.20 

2.00. t00 0.69 -041 
130 1.00 0.69 (125 

3.00 2.68 1.76 
1 .60 1:00 •0.69 -1.04  

1:50 1%20- 0:81 -0.41 

 \14 Nit : SAR RSC. 
meq/ rneq/L tr.Lecitl, 

2.71 21 7 : 
197 160 1.21. 

3.46.69 32 163°  

1.64: 
292 

1.42 
130 

',/71 4:04 1A6.- .1 .30 
• 

:3 5.0 117 1.49 5.50  
1, 	(). 4.34 4.09 • 8.25 
3.25 0.83 0.60 4.25 
-,215.: 321 /37 625 
4.25 238 L68.  3.25 

390 1.84 •1.56 
:.6'o' 42.•:'3.825 3,22 3.64 

130 1.64 1.56 2:380 2 4  
2 . 83 2.62:  30 

3.04. 235 1.46. 1 .30 



Rimple 	pH 	11:C. 
No. 

CO3  
meq/L 

HCO3  
meq/L 

SO, 
mega, 

Ca 
meq/L 

Mg 
rneq/L 

Na 
mewl, 

SAR RS( 
mel/L 

Period : March, 1.997 
11/PC/5 	8.8 	712 0.53 6.89 0.20 156 4.16 1.52.  0.89 1.70 
11/PC/6 	8.8 	743 0.53 7.15 0.20 1.56 2.86 2.24 1.51 3.26 
11/PC/7 	8.9 	504 0.53 5.3 0.20 1.04 3.12 1.19 0,82 1.67 
RiPC/8 	8.8 	530 0.53 5.56 0.20 1.56 3.38 1.19 0.75 4.96 
RIPC/9 	.8.8 	"527 0.53 5.56 0.20 1.04 3.90 1.15 0.73 1.15 
Period : lay-jUnt, 997 
R/PC/5 	 .-,708-  0:49 6.80 0.63 0.84 4.20 1.39 0.80 2.25 
R/PC/6 	S.7 	730 0.49 6.32 0.13 1.96 3.36 1.35 0.82 1.49 
IUPC/7 	8.5 	- 	;757 0.97 534 0.18 3.08 344 1.00 0.54 -0.41 
RIPC18 	8 5 	.718 6,49 6.80 0.13 3.08 3:92 1,00 9.53 029 
R/PC/9 	 1120 0.49 10.69 0.1.6 2.52 3.08 4.00 1.67 5:58 
PeriOd : Aug0.4-Sepetuher. 1997 
RIPC/5 	r, 	856 0 8.5 0 3.08 3.95 1.39 0.74 1.47 

11./PC/6 	 829 0.49 7.78 0. 2.80 6.32 .L3.9 0.65 -0.85 
RIPC/7 	8. 	.725 0 6.32 0 2.52 3.36 0.30 0,17 0.44 
11/pc/8 	8.4 	711 .949 6.56 0 2.80 3,08 046 038 1.17 
RIPE/9 	8,4 	738 0.49 6.8 0 3.08 3.10 1.08 041 1.11 

' Period : Ociqber-Novenilier, 1997 
R/PC/5 	7.8 	- 860 0 846 0 2.77 34 1.13 0:66 2.09 
R/PC/6 	 '780 0 822 0 247 3:38 1/2 0.71 2.37 
WPC/7 	7:8 	640 0 6.81 0 2.70 2.92 0.39 0.23 1.19 
R/PC/8 	, 8.1 	676 0 6.81 0 2.25 2.92 135 0.08 1.64 
R/PC/9' 	7;9 	860 0 7.75 0. 2.47 3.83 1.17 0.66 1.45 
Period : Marr14 '1998 
R/PC/5 	• - 	.8.1 	683 0 6.21 0 2.58 3.58 1.13 0.64 0.05 
R/PC/6 	 118 0 . 692 0 3.08 335 1.13 043 0.49 
R/PC77 	7.0 	648 0 -6.06 0 3.08 2.80 0.87 0.54 0.18 
R/PC/8 	7.9' 	• 583 0. 5.80 0 2.80 2.37 0:91 0.56 0.63 
RJPCi9 	7.5 , 	727 0 6.47 0 2.58 4.18 091 0.49 -0.29 
Period : May-June, 1998 
12/PC/.5 	84 	511 0.90 2.47 1.2 031 3.03 1.00 1,.43 1.92 
RYPC/6 	8:6 	-459 045 3.37 0,14 0.49 3.03 1.02 1:19 1.69 
RiPC/7 	 497 0.90 -3.60 0.02 0.77 2.75 0.78 0.77 2.60 
RiPGI8 	8:6 	512 0.45 4.05 0.13 0.82 '2.7 0.78 0.75 1.39 
R/1'69 	8.8' 	589 1.35 3.82 0.17 0.71 3.47 0.78 0.67 1.13 
Period : October-NOvember, 1998. , 	- 
WPC/5 	8,5 	:773 	045 6.75 0 1.54 3.74 232 143 1.92 
12/PC/6 045 6,3 0 1.70 3.36 1.89 1,19 1.69 
R/PC/7 	8:6 	612 0.45 5.17 0 1.37 4.40 0.95 0.77 2.59 
RIPC/8 	8:4 	560 0.45 4.95 0 1.15 2.86 	. 1.06 '0.75 1.39 
WPC/9 	8:7 	652 045 5,85 0 1.43 3.74 1.08 0.67 1.13 



Period : Mprek 1999 
11PC/5 	7.7 

(PC/6 	- 7:8 
att7 	8.0 
/PC/8' 	.7.9 
JPCI9 - 	8.1 

821 
794 
768 
797 
971 

0 
0 
0 .  

0.35 
0 

Miy 	tine, 1999 

, 	, 	• ./PC/5 	84 	932 	0.16 
'.1eC/6 	8.0 	958 	0.99 
kch 	84 	792 	0.66 
;(PC/8 	85 	832 	.0.99 
JPCI9 	8.5 	-928: 	0.09 • 
'er1O4-ideid/i14161;einbei, 1999 
005 
	

920 0 
UPCJ6 87 ..g17 0.33 

t86 670 0.66 
t/PCI8 	83 

	
860 
	

0.66 
- 720 
	

0.66 
enad March, 2000 

C15 	7 7
• 

.845 	0 

77 	761 	0 

RffC/7 	, .7.8• 	763 	0  
t&/PC/8 	79: 	838 	0 

C/9' ";-" 	80 	842 	0 

Ntiod ;,.May-June, 4000 

kilt/5 	7 6 	-822 	0 

RIPCI6 	-1.3 	'763 	0 

0g/7, 	8.4 	669 	043 

008 	- 8 5 	565 	043 

RJPC/9 	8 S 	709 	.0.86 

PeriOd_:Oetober-November, 2000  
R/PC/5 	7.5 	710 	0 
R./13: C/6. 	75 	653 	• 0 
R/PC/7 	7.6 	590 	0 
R./PO 	'75 	667 	0 
.1W)d9, 	'7.4 	614 	0 
peltio(14;,19i3:74une, 2001 

, 	0.1 	488 	0.93 
R/PC/6 	9.0• 	472 	046 

-.-11-(Pg7 	 8.9 	467 	0.93 
li/PC/8, 	8.9 	400 	1,39 
R/PC/9 	895 	433 	0.46 

77 0.06.  4.84'  4.07 1.04 0:49.  ...71 2.1 
7.87-  0:17 •5.50 1.02 139 0.77 1.35 
6.47 049 5.61 2.57 0.7.8 0.39 -1.7!, 
5.95 0.41 5.06 108 0.91 0.4.5 4.84 
7.87 0.14 5.61 4,07 0.79-  0.35 4.81 

8.58 0 .2.20 430 1.78 0:76 1.06: 
7:92 0 1.60 4:10 3;19 op 0:59 
6.60 .0 0.90 .450 /13 0:.77 
6.60. 0 0:96 4.136: /09 0;60 439 
159 -O 1.02 6.00 I:54 069 -036 

808 033 2,9-7 4.95. 1.48 1.06 
66 0.12 2.29 :4.05 1.59 o:89 0.59 
4.95 0.06 1.35 3.91 L25 0.77 035 
6.10 0.40 459 1.25 0.66 
4.78 0,14 1.21 4.59 L19 0.69 ;.0:36 

6:88 	• ,0176 3..04 4:61 1.26. 164 7.037 
:637 048 2.09 4,08_ 1-43 0.81 0:20.  
612 1.09 299 3.85 1.00 .0:54 472 
637 0.94 218 4.43 LO9 0;56 .04 
7.14 0/7 248 4.51 1...09 0:58- .0,15 

7.74 014 2.49 5.28 t56 .079 .0.03 
7.09 010 2.44 3:38 1169 0.99 1.27 
433 191 1.997  2.76 1.22 0.72 -059= 
4:73 0.16 1.99 343 L30 0.79 -0.24 
457 0.14 2.99. 321 148 1:43 .,037 

535 ;0.2 2.14 4.41 0.52. ". 0.29. -1,29 	1 
- 	5.10_ :017 2.01 355" 1.04. .042 	'-o.4. • 

433 0/5 ' 136 259 1.56 1.11 038 
4.84 0.24 :,49:  2.79 2,99 141 056 
4.59 011 2.18 '3.6 152 0.50 4,19 

3.24. 0.33 0.17 1.12 2.0* 1,19 '1.01 
3 47 033• 0.19 132 1.26 -1.64 1.36 
2.78 0;22 0.10 130 1:46. 1:21 0:74= 
3.01 033 0.12 7.73 4.11 .082: -2.44 
3 47 0:33 047-  1.08 .1.0) 	. • 0.96 

: 

Sample 
No. 

OH 	 CO3CC 	-11CO3  .‘ SO4 	Co. 	mg 	Na. 	S.AR, RSC 
meq/L meq/L, Me-411.. theq/L meq/L .meq/L 	Toeq/L • • 	• 	• 	_ 	• 

.5 



p„S/eit rileq/1, 
:Sample 	p.171 	13c 	CO3  
No.-. 

HCO3. 
ojecilL 

CA 
irieq/L 

Mg 	Na 
owq/L. 

SAR RSC 
meq/L 

7.64 011' 2.79 3:57 	1.43-  9:0 1.-.28' 
6,48 023 3.09 1:70 048 9:52: 
4,86 021 124 1:95 	-1.87: 1.4S.... 1.67 
6.48 0.21 245 344 	1.13 0.66 
6.95 023: 324-- 1:24 - 	096 .0.43 = 046 

5.60, 030 1.10 6:50 	2;20 1.54 -161 
5.60 036 1:70 3.70 	230 1.69 2:00 
5.3.0 -0.50: 220 430 	2.20 1 .69 1.65 
5:10 0.30; 1.70 4.00 	240 1:80' 1.57 
5.10 0.40 1.20 6.80-  232, 2:14 

460 0.19. 1.01: 2.08 	1,98 1.59• 1.51 
- 3.20 0,10 03.2 1.16 	1,80 L86. 132 

1.32 1.15 	2.09 180 1..00 
4:10 0.13 125 1.66 	.1.78' 1:48 1.419 
3.00 0.15 124 136 	1,79 1.57 040 

5.60 062 135 _3.54 	:150 0.34 067. 
$30 '0.11 1.79 2.44.:1 '47 A41 --1.09 
460. 0.29 1.55 2.09 	.47 039-  099 
4A0 .056 '169 2.18- 	137 0..53 
460 -059 1.87 139 1131 

1.50 -2.04 . 	1.44 . 	139 :1.04, i;1.20 
 E69 1.09 2.55 	130 1,70, A.04 
1:15 1,86 1.94 	1:43 1:04 0:81 

4.06 0,90 1.07 204 	1.78 143., 0.95 
427 0:71 136 2:66 	1-61 1:.14 0.3 

730 -010 --2:80 3,10 	2,00 1.41 

600 0 2,40 220 	110 138 1.,42 

5.60 0.10 2.40 2:10 	1..10 0.71 1.02 

530 0:10 2.30 2:60 	1.40 0:87 042 

5.30 0.10 240 ,200 	1.10. 0.73 0.70: 

Period :.Get-ober- 
' 	C/5 

.16 

C/9 
Period 

29 

0.85 

043 
0.43-  
0 

0 

2003  
. 	0 

:.-- Period.: October-Noveoilier, 2001 
R/PC/5 7.9 847 

8:2 = 792 	0 
R/PC/t-
R/PC/8 
wperY 
Period ; May-dine, 20.02 

R/PC/6 ' 
67.. 
C/81 
C/9 8 	0 

Period: 00.0Per, oyeii.ber, 2062:-  

	

C/5 	 0.: 

	

TYPC/6, 	 0 

	

PC/7 	 1.,e41ced 
R/P 



ample pH EC 
µS/em 

'cried : Post monsoon, 2000 

'strict; Mainpuri 
p02 9.0 2770 

03 8.5 3670 
C/04 9.1 1630 

net Pratapgarh 
, 
Of 9.0 746 

	

/02 	9.1 	938 

	

.1 	767 

	

9.0 	698 
let Auraiya 

01 9.0 661 
02 9,0 613 

pC/03 8.9 713 
apl 9.2 680 

002 9.2 :852 
140 .1: re monsoon, 2001 

:zcf:slV,uinpnri 

&4 2962 
0/03 ,8 3142 
6/03 

ratppgarls 

	

G%0 :1 	2284 
/102 9.4 635 

	

?g03 	9.1 	753 

:004 9:0 802 
ricerAtiraiYa 

	

CO 1 8.4 	610 

002 8.3 1446 

-.=.2141/PC,/0l 8.0 685 
.-11/1?:t/02 8:4 810 

664 

Table 4.2 

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

Variation in Chemical Parameters during different period in individual piezometer 

CO, 	HCC, 
meq/L "mega. 

SO, 
ineq/L 

Ca 
meqIL 

Mg 
meq/L 

Na 
meq/L 

SAR RSC 
meq/ 

2.55 15.30 3.07 5.47 1,8.87 4.65 1.35 -6.49 
4.59 18.87 1.73 4.44 28A4 4.35 1.07 -9.42.  
1:02 & 16 14 4.45 &68 4.04 1.58 -3.95 

0.15 5.35 0.41 1.45 3.63 1.0 1.15 0.42 
1.53 637 0.29 1.60 3.21 2.83 1.82 3.09 
2.04 4.59 0.32 1.10 3.05 2.65 1.84 2.48 
1.53 4.08 0.48 1.45 3.29 1.97 1.28 0.87 

0.51 4.59 0.71 1.30 3.29 1,87 1.24 031 
104 4.86 0.87 1.10 2.55 209 155 2.25 
0.51 6.37 0.27 1.39 .332 1.74 1.10 1.97 
1.53 4.08 1.29 2,13 2.48 2,78 1.83 1.00 
1.53 5.86 0.18 2.02 3.55 2.96 1.77 1.82 

0.69 8.80 1.14 735 6.92 10:84 4.06 -4.70 
0 10,90 5.08 '5.10 1032 12.32 444 -4.52 

Dry 

6.90 13.43 0.42 7.15 10.62 3.64 1.22 2;56 
0.93 4.17 0.71 1.21 2.87 2.03 L42,  1.02 
0.93 4.17. 1.37 1,80 2.54 2.74 1.86 036 
1,38 6.02 0.50 1,85 2:70 343 2.27 2:85 

0.93 4.40 0.17 1.23 1.46 3.22 2.78 2.64 

.0.93 30.42 0.87 6.30 3:74 6.69 2.99 1.31 
0 5.79 0.29 1.06 1.69 3,26 2.78 3.04 

1.38 5.79 0.42 1.75 3.62 2.86 1.75 1.80_ 



:Sample 	pH 	EC 
heN°. 	 pS/cm 

Period : Post monsoon, 2001 

CO, HCO3  
meq/L Meq/1, 

:SO4 
meq/L:  

Ca M Na 
:meq/L meq/1.. mcq/L 

SAR -RSC 
meq/L 

    

;District: Mainpuri  

2M/P092 	3320 

2M/PC/03 

2M/PC/04 

District Pratgiwr 

2P/PC/01  

2P/PC/02 

21)/PC/03 

21)/PC/04 

'District 

2T-1/PC101: 

r.1T-1/PC/63 

:2T-11/PC/01' 

0-11/P,C/92 

[Period :Post ltabi 

District: laihinpyti 

046 8.80 6:46 4.10. 8.20 1249 5.00 -3.04 

2L 76. 	646 	7.63 	12.00. 11:70 	3.71: 	2.15: 

- Dry 

.0.71 942 .140 3.54 2,48 .147. 1.71 

-Z30. .:10.80 7:56 5A6 8.70 24.20 9.99 .7:94 

9;93.; • 6.71 	4:48. 	-1.00 
	

3.13' 	4.06 
	

3.51 

Dry 	. 

0 

0 

2002) 

:5:56 1.44 1,65 i3.21 _2.81 L82 0.70 
„. 	. 
6,71 035 1.90, 	4 1.76- :1':94 0.97 

'0.271 - 234 2,20. 1-.65 1:97 1.0 

0.71 	0.38. 	1.15. 	2.22 	:1A9 

8.33 	.0;31 	-2,15. 	3.29 	24 . - • 2.91, 

OPP; 
2M/PC/03' 

2M/EC/04,. 

'030 	2,60 - 0.20 	1.10 	1 A0 	1.60 

510- 	0.50 	5.00 	0.20 	130 	2.66 	0' • 0:08 

IDistrict -ri:4tapgar 

2P/PC/91 

2P/PC/02 , 

`2PicPC103 
ti 
2P/PC/0.4 

= iDistrict.:-Anrmya , 

T-1/PC/91:  06 1375 

2T4/1)06'2. 

:2111/Pc/03 

r2110.00  

2T-11/PC/02 . 689 

0:90 	4.80 	0.20 	140 , 3.90 

Damaged 

0.50 2.60 .0.30 L30 ...2:20 

	 Damaged --- 

0.90 8.70 0170 2.50. 5.20 530 2.68 -1.90 

0.90 	'8.10 	.0.40 	2.70 	_5.90 	4,90 	2.35: ..„ 0.40 

- Dry 

1.09 3.10 0:70 130 2.70' 160' 1.60' 461 

.11.90 3.30 0,50 1-:40 2.90 2.40 1:.62 

72 

2,60 :1.60 0:40 

1.40. 	1.09. . • -0.40 



. 	. 
Sample 	p11 EC CO, .11023 SO1 Ca Mg 14a VA, 118( 
No 	 11.8./cm megit, nwq71., Ineq/L, raeq/L rrieti/.1. meq/L- 	ton. 

'Period :.Pre monsoon, 2002 
Aktriet.: :Mai n purl 
21'vIEPP/02; 8.6 3960 0.50 10.90 540., 530 .1:60: 22:40 9.06 70:79 
2M4003- 	7.9 	4960 	0 	,21.80 . 7-.50. 	13.70:.  ;3.96 22:10 :641 	:2:17 
21v11fC/04 

otiicf:.-Pratapgaril 

	

P01 	8.8 	619 	1.00 	6.1-.0 	_04Q 	0.80 	14 AO 240 	1 62 	2.05 

	

1)&00 	 Damaged - - • 
628 1:00  430 '030.' 	 214 1.72 

.004 
net A_unya 

TOC/01: 86 595 1k0 3.80 olgy 1.30 2.90 2.20 1:69 -I40 

92  
4/PciO3 

	

01 8.3 6.44 	0 4.3.0 ()so,  1.70 5.60 2.60 1:97 b.68 

	

C/02 8.7 681 	1.00 4.30 030 130. 3:20. 260. .1:79 121 
ost hiolisa,on, 2002 

	

602._ 8.3 	1290 	0.51 	7.58 	 5,:08- 	3.90:,  • 192 	-0A4 

	

8.2- 	1280 	0 	9.10 , 2.17 	3.52 	3-.50 	412 	2a4 	2:02 C/04
-  

01 jlek'iIP-F400"ga0 
001 8:1 673 0 4,80 .040 132 2:12 238 '1.81 136 

DaMaged 
Daraaged 
bahlaged 

let :.A:tp-iya 

	

Al 8:6 637 -0,51  330 2.13 1.98 	1:56 1. -0.26 

IUPC/02 	 Dry 	 
-1/PC/03 . 	 ------- bry ----- 
(PLC/01 	 - Damaged ---;--- 

:8 670 0.50 5.60 .  0.33 0.89 245 2.12 ._1.44  2.76 



APPENDIX.1-: 

GYPSUM REQUIREMENT 
.: 	 . 

The aniOunt Of amendment required to reclaim. a SodiC Soil is a fluidic* of 
the cation:aitliarige capacity (CEC), the desired change m ESP; the'SOil -bulk density, 
and soil "deptli."Wliedthe CEC is' expressed in inOl/kg 'Of soil, the needed calcium 
(expressed as 	of 	simply the .prodUct'OfCEC and the desired change in 
`ESP divided by 100. ! lite ainbiiitSOe6PSibn  , calcium Cliceride,c Oi sulfur needed to 
eXchangoariiiS'aitiVutiti of 	 0.3'-ni depth of soil having 
a biilk density 	 are iiVen'in Table 112-A."Tite'aniOinit 'Of amendment 
required foi jothei soil bulk denkties can be 'obtained by 'multiplying the Values given 
in Table 11-A bkVieratiO"Oftbeiriebtillc density to 1.47: 

.„ 	 Table II-A"  
'EXchingeabre . Gpsiun Cakiiiin chloride :Sulfur'''.  

moUkg4soil . , 	51 
-- 	" 	--   

10 3.8 2.4 0.7 
20 7.6 4.9 1.4 
30 11.0 7.3 2.1 
40 15.0 9.8 2.8 
50 19.0 12.0 3.5 
60 23.0 15.0 4.2 
70 27.0 17.0 5.0 
80 30.0 20.0 5.7 
90 34.0 22.0 5.7 
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/m3, an ESP of 50, and that the average ESP is to be reduced to 12 (RESP 
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= 38) in the 1-m soil depth. Therefore,,the desired exchange is 150 mol/kg x (50 -
12)1/100 or 57 mol/kg of soil. From Table II-A, 2L6 Mg/ha of gypsum are required 
for a soil depth of 03 m or 72 Mg/ha for a soil depth of 1 m. Typically, a 10-mm 
depth of applied water will dissolve _about 250 kg of gypsum per hectare. For this 
example, 2.9 m of water would be required. Although, the average ESP after 
reclamation was assumed to be 12, _the final  ESP will be lower near the soil. surface 

• 

than at the bottom of the profile. Complete exchange by all the dissolved gypsum was 
also assumed for the, calculation. In practce, complete exchange should not be 
expected. If a chemical amendment is required, it is generally recommended that the 
amount the be chemically equivalent to about 1.25 times the amount of exchangeable 
sodium that is to be removed (U.S. Salinitylaboratoly Staff, 1955). 

Schoover proposed a relationship between Exchangeable Sodium and 
Gypsum requirement, based on work of Mc George and Breazeale (1951): 

For exchangeable sodium contents ranging from 0.1 to 12 m eq / 100 gm., 
Exchangeable Sodium (meq/gm) = 0.96 + 0.99 x Gypsum requirement (m eq/100 g.) 

Exchangeable Sodium (meq 1100 gm)— 0.96 So, Gypsum requirement (meq/100 &TO= 
0.99.  
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APPENDIMI 

GYPSUM SOLUBILITY 

The activities of ions in a solution in 'equilibrium with a solid will be strictly 

determined by' the solubility product constant bf the solid. However, the soluble 
concentration of the ions will vary depdnding on the chemical properties of the solution. • 
Three main facters will impact in concentration under the condition of sold-solution 

equilibrium::(1) ionic strength effect, (2) ion coplexatio.n or ion pairing, and (3) common 

ion effect. These factors are illustrated in the findings of Longneker and Lyerly (1959), 

which examine the influence of • various salts, or background electrolytes, and their 

concentrations on gypsum [Ca SO-4-.2H20] solubiiity. It is noted that solubility, as used 
in Table 	is defined as the concentration' of the gypsum dissolved in the 

equilibrating solution, expressed as mmol L of gziPstuirdissolved. This-dfinition should 

not be confused with gypsum stability or soliibility prOdikt;'Whic-  ate thermodynamic 
• tharicterisiici :of 

	

	 andni;t • influenced by solution cOMPOsitind. 'The 

didinludon of gypsiiiii and die -aiSojciated Ict-(SiiiibilitY':Preduct`Constant)ltie are 

" 

CaS0 4:2H  20 (s) -4 Ca' (aq)+ 	(aq )i- 2H 20(1) 
ip 14ca++Xso' 	6-4.62 • • 	I: 	_ 

At equilibrium, the IAP (Ca" .VoZil of a solution in contact with gypsum 

will always be 104' 

Table HI-A 
- 

Salt Cocentration 
• mmol L-1  

EC 

- dS ni 
Gypsum Solubility 

., 	., 
mmol L 1' 

% of Solubility 
— 	.... 

in H20 

Cad, 

0 Pure HP '  15.01 100.0 

0.5 0.21 14.51 96.6 

2.5 0.64 14.12 94.0 

5 1.20 13.69 91.2 

• 10 2.25 12.77 85.1 

20 
_ 

4.35 10.85 72.3 

NaC1 

0 	- Pure H2O 15.01 ' 	' 100 

,r• 

'f 
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1 0.20.i .. ' _= 	15.03 100.1 

5 - 	0.65 15.74 - 104.9 

10 1.21 16.58 110.5 
20   2.40  17.44 116.2 

40 4.60 , 18.36 . 	' 122.3 

. 	. 
0 	. Pure H2O , 	15.01 100.0 

0.5 	- 	_ . 0.21 , 	- 	15.35 102.2 

2.5 , 	0.63 	• 16.04 106.8 

,5 	. 1.19 - 	17.23 114.8 

10 2.30 - 	18.74 124.9 

. 	_ 20 4.30 20.47 • 136.3 _ 
. ( Soil & Water Chemistry, Michael E. Essington, pp. 274-276) 

Table III-A shows that gypsum solubilty (the amount of gypsum dissolved) 

decreases with increasing Caa, concentration. Considering the gypsum dissolution 

reaction above, the reaction is controlled by the solublity product constant which states 

that at equilibrium the the product of calcium ion activity and sulfate ion activity is a 

constant value. ,,, • 
If one adds Ca to the solution, ,as in this case by the addition of CaCl2, one is 

adding a reaction product to the system;  ncreasing the activity of Ca"). This forces the 

chemical reaction to move to the left and results in gypsum precipitation (or gypsum 
. 	• . 	. 

dissolution). This is called the common ion effect, where calcium is a common ion in the 
- - 

gypsum dissolution _reaction. A similar result is observed when Na2SO4  is added to 

solution in equilibrium with gypsum. Indeed, increasing the concentration of a common 

ion decreases the Ca SO4  concentration in the equilibrium solution but has no impact on 

IAP of gypsum. 

In an Naa_system, gypsum solubility increases 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 solution. As ionic strength increases, 
activity coefficients decreases, as do activities of Ca' and SO4 . Since the solubility 

product (Ku) for gypsum is constant and is numerically equal to the product of Ca' and 

SO4-  activities: (Ca")(SOT), a decrease in Ca' and SO4-  activities would result in 

more gypsum dissolution to return the solution to the equilibrium state. 
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Increasing the concentration of MgC12  results in an increase in gypsum 

solubility, similar to that observed in the NaC1 system. Clearly, the ionic strength effect 

has a significant influence on gypsum solubility in the MgCl2  system. However, more 

gypsum dissolves in the MgCl2  systems than in comparable ionic strength in NaC1 

system. A 20-mmol L-1  of MgCl2  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 MgC12  and NaC1 systems. In the NaCl 

systems, the only significant aqueous complexation is the formation of the Ca.504 species. 

Neither Na nor Cl substantially contributes to ion pair formation in these systems. 

However, the presence of Mg results in the formation of an additional ion pain mgS0:. 

By virtue of this reaction, some of SO4 is removed from the solution (into the soluble 

MgSO4 species), forcing more gypsum to dissolve to maintain the K. This ion pairing or 

complexation effect has the opposite impact of the common ion effect on mineral 

solubility. 
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