Ja gal) daala
clilad) g de ) ) Ads

Y (Al g 3l & gluddl B olual) Ao 53 S
add) 3 jadl (5 £ 9 mia A a grdiall g o gl
S [ ssii/

Gi——tall s e a8l 3o

) ) glSd A 9
dsilal) 3 ) gal) § Ay i) A s
(A Galaa g slass

iy

Sl 28 g pale siSall gl Jlaa Ao 0 gisal)
3 Loca L) 3 La Ml

‘aY~\Y AYeyY



A_adal)

4 AN Al

poanallSl) Cunn jis oty 1 5AeY e s pdll olull bl Lo i il Al
dihie e alge o Shad sl 3p00al) 55 £aode (e @lse B LA a3 o gainall
o s Adad) ol e Al il o2 ey s LalE ) dakie (e HAT L2 )
o LS 5 Ao g il 5 i) bl
Lol s Fiaall o grinall 5 o sl Sl daS 085 )
Aol LY 3 s 485 aladiuly Jall g cplall J saaie 8 olaall (apdiii -Y
LY pade os JSS Lplon s 405 die (o ) adall o gpiiall 5 o sallS daaS o Y
Gl i) Gada alaainly clleiall (eBAiuY) A8 sk (dalls Goadl s oplall) 430
g S (pabae A1) ama s 8 Jlsa (V) psaisa¥) 25K Sloa (7Y 0 x 1 0)
bon s Jalalll adl ey alaall Glagd o oadall o spirally o sl 4paS i -8
Al doal iVl Asl Y A8k sy daglall sliall e ddlise Cle 5 aladiul
.miscible displacement
Dl DA (e L ey o sairall 5 sl ) i) Caiay 8 AS al) Jlsall alasial o
ooy Sl eV de s dalas Slo e )
Slall aliiua) g Lglal) sluall e LIS 88 gidl 45500 )51 ge sl -1
V. Minteq A, gt Glakhde 2lain¥h 4 g el il Sl
S dgelia sliay dplall sliall Cilia] o gl g IS s i (5 e paas -V
Juie )l 33 521y (WATSUIT) (oisball ali sl alasinly Aalise 4 5 <)
Al dala s W elae H g pe die Gl g GulSI e IS a3
ALK ) 68 Aalae Ggdad YA (e A jiall 93 jatall il 0 A Gl A
Ay ilakadg 2Rty o gaueiiall 5 a sallSH Al o AaSaiall (paladll (andisi -4



A_adal)

;i) ¢ gl g

i el Baalsll il Gada agpeirall g asaadlSIE ) 3Y @l Jadadi 4l )
A i 5 (S s speirally 4 )lie p gl S ) 3 Jle daniadi Ll (IS 3l Ll )
(VS5 Fiaall o sauiiall 5 o sanallSl) AeS Can

dald i) < 45 gl < Dlstal) < calha 5 < A0 )

G5 Clid g Sl (alee Balaas ) J sacmial dpdl A8V dga il @jelal WY
Balpad) S s Ay 1) oLy 28) gall A8US] CliSaall 5 ) SIS 5 S ) S35
Iyl dpaly Lol il S0y il KN Jame oliiA) pa Y Sha pll (pnal
288 L8 53 5 400 51 Lol LSl (s 33l 35 30l (55 & 5 e oy el Ja )l
Ao Ak I A 55 8 Sl sl sall re ) seda ae 31 SSI Ganad Babd) culs

p sl ApaS G @ jedal Claiall (DALY A8y Hhay o skl 5 sedlSI) ) et il -
Oa ST S Sl g IS AN ) J8 (JSS) i) e (e yatall pspainall
Uadlay (ALY die 3 il Al s il &I AN ) aen 3 il A
2,58 (adaiul v 5 atall sl (e ST S e (TY e x v 0) el il
Sl a8 (Ja iy cppalls cplall) DA Y geaiall Al Wl ¢ lga (V) assisaV]
Dol AaS Lol g b s ) A5) aays J ) il daS G e ol Taliia S0
Coehl i ) J ke olinly o sell 3508 S| ol ) ada sl v
oAy die Gl g ISI AL ) e ) el o guaisall g o gl dpeS (9588 )
sisad) &) 5l

Gaaall Glsd (e el o spuiiall o sandlSl) A gha 5 ApaS 3 WD) il < jelal -
Ao 5 niall o ssiially o spedlSU 4 O il G jelal Cum (ol @l e (ha g
Blee Gl Jalil) ) ge e 3o yatall el e ST culS L ALalal) Galaall 53
5 B s (A dlall (PV) (oalosall aaall 3] jaind oalaal) glisd (e il
2N sl abisall anall vie Jalll a8 e e el dilee

0 Adaall A€ ) c¥alad) Juadl calS (daull) 30 Al Adlee o bl @ el -0
oA LY Allae CilS s 8 Ayl 8 s girall g asdlSY ) il ddee Caiag
Calae | 3 elgd Alalall cpalaall Gl sd Aali o griiall g o gauallSl) ) jad Coin g & JuadY
(o U Ji 5 (R?) et Jalae e



-

A_adal)

G olall (e ddlide Cillie 5 aladinl i V. Minteq A, gl Sl e & ekl
de (CuliS )Yy ahtiall e g aliall Cule glall g cylulldll) adull aldl ataall
slo aladiul vie (alatiall Cuyle slsall s CUlull€l) g «Joall elas gl sla aladin
S PY PR PRRITI LN 1) RC PPNETIG gl R V- SP-S R TSN RSN [ R PENp S eAi[
(ol cul il 5 s S V) 5 alatiall e 5 alaiial)

e obsall o34 3508 8 CaDUA olaall 033 8 3 3all (55 & 5 pde oy Alalaa gilin & pelal
alac] 5 & yiall Golaall a8 & 4 Sl oliall (§ 685 Jaa Db oyl a Galoall g i
2 ekl 5 jiall (alaall Ay lKlal) dalaie 4 55 (568 Laadl o ill Al Wl
3305 o I A Jpale (Fry V0) g iU 585 il Jillaey il Al
Olaall slac 5 ApeS L350l ) ool Al s 318 3 L) Jllacall il g IV 58 )
A yiall Laldl)

psandll iy S e BaS Jlel f (WATSUIT) (o5l gabi ) alasial ekl
(SAVY Y VE) oo gl i s A 58 ol aladind) die Joas (s il Guaall
Agodall dadall Gleel 28Dy ) e il diad Jsade (VAY.VO — VY YY)
LaS 830k Jsman )l Jlladl a5 S 58 5 saly ) of geilidl) el
Vo Al Jseade (VYYLVT - 0YY) G Cansl iy A il o saallSll g S
VAl &S Jsale (Vo) s I 38 53 ld aladl Jslaall

Ol (L3 (e sinall 5 o saalll o811 el o 30 (51 s il <yl
O 8 ol Audall 5 )l die aaS Jsae (Y0¥ — 0V 0) Gu a5 SmM©ME
e an gl iy oatll eS8 5 8 lall 5520 () Y gaa g slaal) 0343 (50 8205 (s
e s b Al bl o) sle aladiul die aaS Jsale (YVe — 2 VA
ee TS Jsale (0 — V1) e SMEME LS 8 pmlassl ) ) ele alasiiu
— YY) O gl 5 a8 SpHOO% s il il s SN S el el il 50 dae B )
& el @l ysaaae a3l ol Lagl 5 (gl dalall 5y sall die axS J sasle (0,YY
ve aaSdsade (0,00 — Y.AA) ( Cangl iy s il Clip S dneS B Bal )
e A jiall Clig SN AeS o Jaadl a8 A Sl slially gl ele aladiial
(s DU B palall 5 Asal Al 3 ) gall e Leuds CulS ) ela aladiil

Ols sl 0000 aSaiall ol g Culwd& caee ol 413Y) Glabis Gaca
o smmiiall A 53 AaSaiall 4 o sacirall Jelall CuldlSl 5 e sl sall (jales

=1



Summary

Summary

To study the effect of irrigation water quality on physiochemical

behavior of adsorption, releasing and precipitation of calcium and

magnesium, several locations at Al-Jazeera northern Irrigation Project, Al-

Rashidia and Al-Shirkat were selected. A series of laboratory experiments

were carried out followed by some chemical and thermodynamic calculation

using some special software package programs.

These investigations included:

1-

2-

8-

Determination and calculation of the adsorbed calcium and
magnesium.

Identification of minerals in the sand and clay separates using XRD
technique.

Determination and calculation of the released calcium and magnesium
from bulk soil samples and their separates (clay, silt and sand) by
successive extraction using citric acid (0.5 x 10°M) and ammonium
chloride (1 M) before and after the removal of carbonate minerals.
Determination and calculation of the released calcium and magnesium
from dissolution of minerals and exchange sites using different
qualities of natural waters according to the missible displacement
method.

Employment of kinetic function to describe the release and adsorption
of calcium and magnesium.

Find out ionic species in natural water samples and soil water extracts
using V. Minteq A, software.

Assess level of calcium carbonate precipitation for natural and
synthetic waters using WATSUIT model which accounts for the
dissolution/precipitation of calcite and gypsum.

Calculating the amount of ions released and precipitated from mass

balance equation.
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9- Identification of minerals which control the solution of calcium and

magnesium using solubility diagrams.

The results of the above experiments and calculations revealed the following:
1- The studied soils showed a similar preference for calcium and
magnesium adsorption with the exception of soils at Shirkat site which
showed a high preference for calcium adsorption. The soils can
arranged according to the amount of Ca and Mg adsorbed as follows:
Al-Rashidia > Tal — Talab > Al-Elkana > Al-Botha > Al-Shirkat

2- XRD for clay separates revealed the dominance of kaolinite, illite,
palegoskite, chlorite and smectite minerals with the exception of soils
at Al-Rashidia where vermiculite came first. Calcite mineral was
dominant in sand fraction of soils at Al-Jazerra irrigation project,
whereas, quartz was dominant at Al-Rashidia and Al-Shirkat in
addition to dolomite appearance at Al-Rashidia soils.

3- The amount of Ca and Mg released from bulk samples with successive
extraction before the removal of calcium carbonate. The amount
extracted with citric acid was more than the amount extracted with
ammonium chloride. The behavior of sand and silt fractions were
similar while clay fraction reveals a larger amount of Ca™ and Mg™
released extracted with NH,Cl after the removal of carbonate.

4- The studied soils revealed differences in amount and behavior of Ca
and Mg released from dissolution of minerals and exchange sites. The
results indicated that the amount of Ca and Mg released due to
minerals dissolution was greater than the amount release from
exchange sites. The former process continued up to (10 pv) and the
later to the third or fourth (pv).

5- The results indicated that the power function was the best kinetic

equation to describe Ca™ and Mg™ adsorption, while diffusion
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equation was preferable to describe Ca and Mg release due to mineral
dissolution.

The outputs of V. Minteq A, program showed that there were four salt
minerals precipitated namely (Calcite, ordered and disordered
dolomite and aragonite) when irrigating with irrigation and drainage
waters, calcite and ordered dolomite when well water was employed,
calcite, ordered and disordered dolomite, aragonite, vaterite and
gypsum when sulfate waters was employed. Irrigating soils with
electrolyte concentration (15 and 30 mmo,l™") increased amount and
number of minerals precipitated.

Using WATSUIT model to predict precipitation, revealed that the
highest amounts of lime and gypsum precipitated took place when
irrigating with sulfate waters ranging between (1.74-48.77) and
(13.21-182.75) mmol.I" respectively at all quarters of the root zone.
Increasing electrolyte concentration to 30 mmol.l™ leads to an increase
in the amounts of CaCO, precipitated being (5.23-127.76) mmoll".
Tonic balance results indicated that the cumulative amount of Ca™ and
Mg"* released during dissolution of soil minerals (Sm“ * ™) after 5
and 10 irrigation cycles ranged between (0.10 — 2.02) and (0.18 —
2.70) mmol kg respectively when irrigating with irrigation and
sulfate waters. A decrease in the (Sm™* " M%) took place when irrigating
with well waters from (0.10 — 0.16) mmol kg' with successive
irrigation cycles. The amount of carbonate precipitated Sp"'“®* after 5
and 10 irrigation cycles ranged between (2.70 — 5.32) and (2.98 —
5.50) mmol kg when irrigating with irrigation and sulfate waters.
With well waters no differences took place with successive irrigation
cycles.

The outputs of solubility diagrams indicated that calcite was the
mineral controlling calcium dissolution while the minerals controlling

magnesium activity were dolomite and Mg bearing calcite minerals.
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