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Modeling Effect of Irrigation Water quality Frequency with difference
Leaching requirement on the salts accumulation and yield for sorghum

Omar Mkdad Abdul Guny Mahmood

Ass. lecturer

A Computer model is made in (MATLAB) language to study the effect of irrigation
water salinity levels 20,15,12 dS/m irrigation applied by continuous irrigation with saline
water and alternant irrigation by different methods (pure irrigation : saline two
irrigation),(pure irrigation : saline irrigation) and (pure two irrigation : saline irrigation). Pure
irrigation represents Tigris River salt water 0.47dS / m. Each method used the Leaching
requirements (0, 0.05, 0.1, 0.15, 0.2, 0.25, and 0.3), The model depends on the principle of
balancing water and salt. The computer model has been applied to the sorghum crop; a
summer crop which endures medium salinity. The results show that the accumulation of salt
varies according to the differences in irrigation style. The amount of salts accumulated in the
soil increased by using the continuous irrigation, while the use of alternant irrigation led to
reduced accumulation of salts and thus led to increased production. The amount of decrease
in the accumulation of salts depends on the method of alternant irrigation and leaching
requirements used. Mathematical equations have been formulation to find out the increase or
decrease in the real Yield and relative evaporation transpiration as a result of the influence of
the amount of salt water and pure water additives under the conditions and limitations of the
study area
Keywords: Leaching, salinity, continuous irrigation, alternant irrigation, Yield

2011-10 - 23 :Jé 2011 -2 - 14 :plind

60

www.manaraa.com



Al-Rafidain Engineering Vol.20 No. 4 August 2012

dadial)

ol s Aallall olaall 3 S (g aihlie (o S (8 (Al Gl all 5 At ) Al (o oliall Ay 53 4SS
Gkl el aal g o) g y¥) 8 sl oluall pladil dlee Jga agae Ll 50 6l ya) o 1Y a4l oLl
Al e 2y 38 (il s Ao il mdad iS5 o Jand 48 plall Al cAadle slyay o gliiall (5,01 48 jla o deddiiuuall
.Janal

Alde chaJA\jAeJLHEeJAAJLAa\:\MQ\)AQ)\JL;J\ gﬂbjuw\ cw\z)b‘\ﬂ\:\s&s‘éc [7] X
LSl (gl ALl LY sl aladind ie A il da gl (add 85508 dgaal jUaedd 4l [10] geiivd

olae Lgd Caaniin) (501 (pinday Al Cilaliia V) Chiipuial s - il AL (5 ) plai [2] a2dial
A0 5, Al clalia) alady A 30 A gl dadall Lol ¢ 3000 dadall sl 5 h alady (6dS/m sl U0
DS el 8 S (550 WU Jalaal (55d8 elllia 45 il caiy <0.9dS/M Al (5 olaa e 1 jend
Dol Jsha e clilual) apaad CE Basll 5 Jadi 10 dilusall s 60-30 Baxll 40130 i 533

Aailly olaal) Adlia) (e e il ginnas (1) il Clal dalle a3 8 4a o )las [9] G
b J smnall el DY) (e %100 dansiy obaal) 40 Ailia) e 43l liil) iy ¢ J saanall i) GRS
O 2 Jsmanall Slall @in¥) (e 9550 Ay olpall S ALl e 4 JBI (5555 (5 )l ole aladin 361
a3 J peanall Sl NN e %80 5 %100 Aty Aalla slaa Ailin) vie el J seanad sam ol 55Y) A gaa
) AL Jass giall anl jad) dslaie Cag ks

slall et 58I Flaida b s O OSer il () sl o Aliall 4y s A [3] o
03833 e Ay il B 2 OlaM (g sine pat oale aS1 % s sl 13 ) s (Bl pualis el 0 B Al
MUY 5 Jgumnall gai 8 352a0 JI AT S saa e Sl ¢l sa¥) Al 4L 5l pailadll 85 siaa s s
" Aall obdl) e S 55 ) s AT Rga e o3l AL ¢

13 5 Lgalaiiasl o gan s Adal) olyall 408 Aadlaa 8 4iuls sl o suils geali gy Joe 98 Al (he Cingl) )

Y 8155 e sl 1aa ils (sae 48 jaa s ddlide Jue Ll Ggliial) gl o ghad aladin) DA (e
(W obaa aladind 5.l 5 daluiyl

o Alia O jla Creaditn) ALl cold jall 48K () Caa Al ciladjall e duljall sda cadlial
o 28 Al s yal) ety o sl gl anl 5 sk 65 51 (8 A4S Clyal g paiasall 5 o shiiall (5 M) o sk
Y oS5 e ol bl s Hals A de) 3 o laadl dadaie Gl o8 e aaing o saila 23 sl el
o sill ad (a5 50 olae aladind 3 LS o o, coslal s 5l ol Gl 5 ddlidae Jue cildlaial 5 4y
Al 5 Aallal) 48laal) olall aS pa Jaiial) U] oy 5 Ailualy y ¥alae )

Gl 48y ks

il J sl Jalas dadl saaill dulee ol jal A (o sl i - Al Clua Cand) 45 Hha ana
Ol 5 3Ly 3 lada s A jill 8 # DY) aS) 55 dagi agall Jales Cilia 5 Joa sall dilaial Laliall Cag Hlall o
o) sOY) (A aadiaal o sl dagn daliy)

:ETcadj Jsanall Aol mii - A
- Al Jalay s agall Jalae (AET Jsranall mii jadll G juia Juals (e (B8l i — Al Cleea 25
iall i - Al Claa GSays 3 sead) @il s s o W larie J guamnall i Haill J juanall 8all xis

J4] - (1) Aabeadl A (30 J panall
ETc adj =ETexKs — rowmemwmmsmssmsemeeee 1)

Dol

(psv/ele).dpanall Biall =i - il ETe g

(o3 ple) pmnall i — 3l ET

el dalasa : Ks

05 Y aall o s (2) Aabaall A (e ET J sranall Jlall eMeia¥) o sgall 5l ge il oKa
S 2l Laiy 7 gasall aall (e da glall 301 30 aal o)) e Ji g Jsmanall o daslall 50 an 50 Y Ladic aal g
Al ele agal il a0 Y Ladie aaly alad ()5S0 olaall 2ga (laia

61

www.manaraa.com



3MI J puanal Lality) 5 73 pand o Adlida Jud cilbdlaiag o 4l ol 4o g 4y glia 8l dadad 13 gana

Ks =|1-

(ECe-ECe th )J (M]

K 100 (1- P)TAW

*

NEIESTS

skl Gl 3Ea) ;D

(ale) & ,0all dahidll 3 U il ol s TAW

0.55 dasdy z sl al 3l dps : P

Ay e lall Y] sl Jalxs :Ky

[Jds/m]. &z sl dlaiall ¢ LiY) (aliiual AL jeSl) Jua 5ill Ja=s :ECe

O Jsmanall Lpalii) (aidis Laic(ECe - Aiall aie g LiY) paliiwa il 58S Jia sill Jaxa :ECeyy
.[ds/m].Yn,

(% / dS/m) ECe &3l saa s o iyl (8 (adill 4

[413 S e 16dS/ms 6.8dS/m 5 1 sbandl 3,0 Jsasal Ym 5 b sECeq 5 Ky e

i — Al 8 Janal dualaa (o aia Juala (e gl 5 J anall i - 5l Covas (3) Adabaall JOLA (4
[4] x>

ETc =ETg K¢
S| JUETEN

(psi/ple) (2 pall s A BT,

Janal Jalza K,

bl Jaxa s (Ko initial s Kemid , Keate ) 5o dal e G dua dll J seanall dalas skt da) ja c (1) Jsaad)
(U=2m/s , RHMIN=45%) kil 2 alidl iy , bl sie Jgennal glis

4] () ) gUS ) Jarag Auull) dig B J gl dalaa (1) Jgsad

. Jsanall Jalza | Jpanall Jalaa | Jsanal) Jalza
h(JM) (Kc Iate)‘;:'l'@'.‘j‘ (Kc mid)‘;h“‘ﬁ‘ (Kc initial)c;‘jjiﬂ d ‘
1.5 0.55 1.05 0.4 slawl) 3,4

Caglall s C"Mﬂ\ ilee ) ya) ad Ga dliall clilall e alaie YU (Kc mid » Ke Iate) Tt
4] (4) Hsboe 1325 (Jom ol i L] Bl

N
Kc(mid,late) = Kc(table) + [0-04X (U,~-2)-0.004(RH ;, — 45)]X(§j -~ (4)
) Sua

()52 o 21 o sall Bl 5l s sll i 5 538 sie J gl Julns e K pqraple)
(90) = oM s sall Al 5l s gl Chuaing Al o SIS (5 prall Al 45k ) Jaxe :RHipin
[4] 0o () Sl g i)l Jaes th

) i - Al Jase o aaiad Luald Cilginie (e 33 58 A500Y) Als jall J pacnal Jalae la e Ll
4] alad) Cag el s 4 il o 53 e Slad ¢ saaiaall o) 5 Y Aliald 5 Al jall el A

.54l Jal el dasiaal) J guanall Jalaa ad 1(2) Jgaad)

gl ghaj\ ey Jgaaall
(Kc Iate) (Kc mid) (Kc initial)
0.57 1.12 0.7 glaul) 3 A
62

www.manaraa.com




Al-Rafidain Engineering Vol.20 No. 4 August 2012

O ST 488 45, Hhall 028 aad Capn el i - Al il [4](5) G ge laiy Aolase 48y )k aladial o3
L Aaill) ) ALl Aaliall culilal) e Leiudat (S 33kl (e e pe
900

0.408A(R, —-G) + U, (es —ea
(Ry-G) T3 2( )

BT - T
: A+ 7(L+034U,) )

O dus

(ps¥ele) el s 2l : ET,
.(eo)a:m):d\'é)\);.‘\;\;Jddm:T

(ot 7 p/dsa80) Lyl 5 ) e BRSNS G
(JSal ) apdill jlay daia s e

(LJ\SM\-! ;LS) L,,Jul\ JB_}M b - eg

(ISl o1S) anill Jla ek b il s @5 — e
(o7 /d8L S addll jlag haris st i A
(o7 /I8, SIS ) sha )l Gl i

-Aa glall Gl

OSar gl Aalal) 253 sall o (a1 B daiad i)y R il s slal) il [5] 4 (6) Aalas e slaic¥)
ALl (5l slae (e Ailie il sinaad dn slall o LeDIA (50

ECs(j) =[ECi x a]+[ECs(j_p) x(1-a)] = (6)

LdS/m] &)oY xie il AL e Jua 5l Jaa : ECsg

[dS/m] Ciladdl (5l eld JL Sl Jua il EC

LdS/m]e oY dd 4 il AL Sl a6l Jans 1 ECsiyg)

(ehe/ale) (Rl ela s M) oL SIS el (2l (0 paiianall ¢ el s @

ZUy el

(7) adaladll [6] Ay gall ded ol g o laall Aaaie 8 (e dadiall Aaleal) e\A';l.uLg CL’L\JD i) At cilus ah
sl CL\.\‘}“ st Jalza g ‘é.m.u}d\ ETcadj SET: jS dalixt gﬂ\} ¢

_ ETe — ET i
R e — o
Ym ETc

0 G

((”S) Aledll J geanall 3.};1:\.\\ ‘A
((”S) dﬁ‘“‘“““ :\";L“\ &.f“"s'\ Y
elall Ct’u‘}f\ Alaiid Jales - Ky

Joanall gai JMA 4,30 ddkaiall Gas s
sl (e ) sl J3UA 2y i) AElial) Gl Grandl (3555 [4] A2l eyl 5 o2a)) Aaliie iy
Ll gl Als el DA (Zhyiay) 4 das oaadl ) Doy O (A saill (e shail) Ads ye J3A Ulad 21339 a5 ¢ (Zrygin)

J-J
Zr = Zr \Min +(Zr Min —Z'Max) stat ©)
JMax — Jstart

63

www.manaraa.com



3MI J puanal Lality) 5 73 pand o Adlida Jud cilbdlaiag o 4l ol 4o g 4y glia 8l dadad 13 gana

Ol S

RIGT Y AR EENEIRRFET R ERRREW 29
21000 (ple)saall Bee (a1 Zryay

Ae)pl aay sl asdl 2 ]

235220 Jyanall gl ey dla o e‘:’?‘ e Jstart

235255 gl s 58 () &LV aae : Jya

cilaall 0l sla (3as
iy il Jil it 8 e it 5 (9) Alsbeall e Saie ) w3 i, S (5,0 el ae losal
[1] skl ol 3yl

A olia aladini delds
Ge onaill (10) Aalaal) e slaie W) by 8 gu o815 ¢ Jaad) Jala oluall pladin 3:WS e juatll julas Bae 2 68
[8].—sbaall (s cla (Bae Man) (A B8l Z LY g dpail) Jiad ) g oball alodinl 3ol

Y

WUE =& e (10)

li
(eL\/‘)t\SA/eaS) ch..d\ e\.ﬁ;.\.u\ 3 -\WUE
(ko) Glad) 5 ela Gae Jaa) ;i

2 81 9¥) Algan

Aoaliall UL laie) a5 a3 5l Jsana) 5 Fliall g bl i e o)y ) Al gas aiad
i vie Led o sda )l (o sinall edanaill Aans e i€ Ao 55 o8 Aidaial 4 il A a5 Jaa gl Apaal
Led 40591 i) 4 530 A sl Jama s o 5 e (%49) 5 (%30) 5 (%15) gl s Alial) daidl 5 J sl
) AT e o0 A pn ) sl Ay 8 Alial) ) i Ayl o e e iy a5 2dS/m
e il slall o Jaalall Gaiil) g gl J gamnall ) 45} g haall (5,0 sla Grac 5 ol 5 DU Caailiall
¢ 5 ot 50 JS1(0.15¢0.160.05¢0¢0.3¢0.25¢0.2 ) Ailise Just bl aladiinn) 23 Gua | bl il gy
Gy a5 oy 4 i) ade 8 ZOLY) Hoad lade daadlal @llh g dlial) dad) 0 ) glad 38 Ailiaal) olpal) 43S () !
i A5 A i) Ll (e e aa () s 1) Gl Y Jeay Ledie Gaag A 1) ae ge Ll i) e
inshe e 5o LalisY) e Sisall g lan Q8 ol o sna (6% 38 clall aga Ll ) 6l (S uatial) W) 50 %65
ol aladian) a5 Al i i sle o Jull cilllaia s asiall 5 e sbad Ll ol el Jas g el
oV bl O G dalle slpas (Aad ygd) A0 e (e bl (g5 Aalle sliay e (5 ¢ 5)Y) (A Adlida
s2a (e sl JSIs e(Aalledy ;48 i) (Aadledo, s A dn ) (Aadle (i ¢ 48 4y)) padiuaal) o gliial)
dssmall 23 5Bl alall bVl abadal) G (1) JSa 5 Adliae Jue clilliie aladind o3 calld)

64

www.manaraa.com



Al-Rafidain Engineering Vol.20 No. 4 August 2012

o) clllaie ¢ axiiosall (gl sl oy il
RUXEGA|]

4ol dshidl Bee Gl

Ja
S piall el X 0.65 > sba Nl jiiay)

Cilbad) clall (e lus

'

ﬂ}‘},\d\ oluall il

'

ELAY! (alitind 2 531 da she o

'

S Ja P

125= ) s

6 olia alasind 3eiS 5 a5 o sall anill ZUEY) s

(gt 73 0 by Jadadal) £ (1)JSA)
65

www.manaraa.com



3MI J puanal Lality) 5 73 pand o Adlida Jud cilbdlaiag o 4l ol 4o g 4y glia 8l dadad 13 gana

YRR

A (B Sl 28155 e gl gl il

o4 Gsliiall o0l aladi vie 4y Laadl (3) Jsaa (o salall 23 501 (e lgale Jgeanll 23 3 ) QDA (g
A ) DY) A (5 dadle eliay aiusall (5 ae 5 jlia Jiy o gau s sl Al 4 il 8 ~ DLV o815 Jaxa
o B s sl Alg DY oS53 (05 (Radle ¢ A Gl ) sl aladiad wie s @l )l axe saly 3y J8S
BESER L UG SUINEL PO PN PNELISPIVY CEN PEESED WP ) FUA IV INCCIW RSPy CEN DR VR VA p TR
(Al

(15)dS/m 5 (12)dS/m = due 50 e dalle slaay yainaall (5 aladinl yie 43 (12) &) IR (ye JasDls
o sl Jane o JiI 2d1S/m 4l 48531 A bl Y @l g S IS 31 o815 505 Y g3 (20)dS/ms
G g A e s sall Algs A i 3 2 DY) S) 5 iy o gliiall (g aladind die g ccaliaal) ol slad il S0
O sl ¥ ame AT o gliall (ol Anailly Just) clillaia 53 3 4 i) 3 2 3Y) aS) 53 Jiy s dadle slpay yaisall
R Calidy ~ DY) &SI 5 AB ke o) WS (20)dS/ms (15)dS/m s (12)dS/m dalldl (s ) slal 4l o<
(i o 4 5l 2 DY aS) 53 ol Al ) aae ol ) LS 43l G aadiall o liiall 50 oo sl

Jsad) i 3aly 3y o sbiall (5 01 o bl aladin) wie = DY aS) 5l 4 gl il (ldas) laie o)) gl cuiy
=5 (38% Y 27%) =5 (26% N 16%) = 75 55 Aadle sbay saitusall (51 pa 45 80 JalS 5 a0 JUA
(52% N 41%) G5 (37% ) 26%) (e s c(Ralle Gy 1 4 4y ) paiuse ol 5 sl (16% S 13%)
) 51%) O (69% ) 55%) s (Aalla A ¢ Al 4 ) aadie o) 5] bl (44% ) 31%) O
A e SV Jpa sl ¥ aad (Aalle Ay A8 Gl ) aadiase ol ) sl (61% ) 45%) =5 (66%
sl e (20)dS/ms(15)dS/ms (12)dS/m

eaad) ZUN) Ao g ) colad ails

Al die aie 50 (S Ll ZLEY) G Coliall g alasin) die 43 (3) JSEN JDA (e Jaadls
S A Ay ) cosbud aladi) aie 40 LAl 1A A i) 8 DY) S 5 5l Al Can Gl 5 sl olay paiasall (5,
(alle iy, ; Asi Ay ) sl e g Aalle obay paiuall 50l alafind die 4t 5 S LaliY) ¢S5 (Aalle Gl
plasinl e 81 AaliiY) 05 (Aalle 4,0 48 Gliy)) s (Aadle iy 1 4 4 )) sl (e LS 1 asy
LeS)a sana ) Tan (8 0 5 Aaliiy) A ol (L Qi) ol ) die asly Jaadl LS (Ralle &y 5 ¢ A 4y )
OV eIy (8 il s (dS/M 155 12 Sl Sl G i) Jamal (Aadle A 1 A gl ) sliall (0 sl 8
Al 8 oY) aS) 3l QS 8 saae ()5S AL e ey o) Jusd (559 (e liiall 1) sl alasi)
Ay e
Jsadl ilallaia 30l 3 o sliiall (g 5 sl aladial e il LD 4 giall dpatl) &5 51 jlade o gl Cuy
s (%25-%19.5) a3 (%19 -%16) (e 0555 Aadle sl aiusall (5 ) ge 4 e JulS sai ans 50 JAA
-%81) s (% 31-%29) G5 (%22-%20) s ¢ (Aadle iy 1 4 4y ) bl aladivl die (%67-%65)
yie (%97-%95) cras (%35-%35) s (%24-%24) (s ¢(Ralle &y 1 A 4y ) sl aladiul xie (%89
S5l e dS/m (20 5 15 512) 4leS Jea il ¥ anal (Aadle 4 ¢ 4 ) slad alasin
bl alafiul s e 55 AaliY) 6 20dS/m dadle sbuey painsall (5l alaid yie 431 il JA (e Jaadl
ogliiall (5, o slaad CaDRL A aliny) a3l Calias s by () oS3 A i) 850l 5 e o gliiall (5,
Aeadiial) dgaill iyl aae 5ol ApaliY) Al 3 Cua ardiil)
oV bl 5t e A5 jlie J4lB (05 AaliiY) 5 = e aS1 5 e Juuad) clilliie 834 ) S () (B Las i
ol 3l s Y aSH 55 8 LalS o sliall (ol A Aadlad) el U dually ) ey Hll aae <)) LS of o gliall
Ay

66

www.manaraa.com



Al-Rafidain Engineering Vol.20 No. 4 August 2012

—
-~

Aasle Sama
e
o ~o

T

3

Ampiia.

= 4= 1505 jaas)
= - 4SIm(15-15:047) s
s dSIm (15-0.47) ey

= 4= 1205 )
- B (S (12-12-047) s
==k = A (12:047) s

——dSIm (15-047-047) < es —— A (12-047-0.47) <)
T T

(dS/m) Aasdiad) 4, 50

(ds/m)

04

[N
%)
!

= ¢-=20dS/m sy,

B dS/M (20-20-0.47) w55

- =k — dSIm (20-0.47) w234 5

—%—dS/m (20-047-0.47) w4,
T

(AS/m) Aasdiad) 530 Aasla (ana

0.4

T TN

)9V (A Adlida

ol 5 Gl il 55 pon sl g Anstial 20 A sha o : (224

BASIM e 55

— — — —dS/M(15-15-047) e
dS/m (15-0.47) s 55

— - — - = dS/M (15-0.47-0.47) e s,

2dSIm s 55

— = = —dS/m(2-2-0.47) w5,
dS/m(12-0.47) sy

— - — - = dS/m(12-047-0.47) wsia s,

0.05 0.1 0.15 0.2 0.25 0.3 0.34
Judd) clllaia

0.25 0.3 0.3

o

o
1

(med) ZLSY)
o
~

— 0| S/ <isa 5 5

— — — =dS/m(20-20-0.47) w5,
dS/m(20-0.47) wisegs,

— - — - = dS/m(20-0.47-0.47) e s,

o
N
Il

o

0.1 0.15 0.2 0.25 0.3 0.35
) cilullaia

£19Y) (8 Adlida il g Judd) ciltlaia 30y 5y e gall Aulgs gl ) LY ¢ (3)JS)

67

www.manaraa.com



3MI J puanal Lality) 5 73 pand o Adlida Jud cilbdlaiag o 4l ol 4o g 4y glia 8l dadad 13 gana

Adlide Jud cillbiial g qgliall g dalla slpay gaienall (gl (o gaalal) 73 gai¥) il 1(3)J g2

slall D) | dasla Jama Aal) zLay) guy G ) | cllkie 9% o sbud
Jg et Al g (LLiSa/aas) ) sla S

() Aall dasall (o gall (GO

(%) (dS/m)

0.00 414.83 11.89 3140.75 0.74 403.85 0 12

0.00 504.76 10.03 3821.66 0.90 489.95 0 12-12-0.47
8.89 507.21 9.83 3840.21 0.90 497.53 0.05 12-12-0.47
18.84 510.72 9.67 3866.79 0.91 508.68 0.1 12-12-0.47
30.02 514.44 9.50 3894.93 0.92 521.23 0.15 12-12-0.47
41.78 517.48 9.34 3917.92 0.92 531.22 0.2 12-12-0.47
55.95 520.60 9.07 3941.54 0.93 544.06 0.25 12-12-0.47
72.26 523.28 8.84 3961.84 0.93 561.14 0.3 12-12-0.47
0.00 529.52 8.74 4009.13 0.94 490.98 0 12-0.47
11.81 531.08 8.57 4020.91 0.95 502.79 0.05 12-0.47
24.94 532.74 8.38 4033.46 0.95 515.92 0.1 12-0.47
39.61 534.51 8.19 4046.84 0.95 530.59 0.15 12-0.47
56.11 536.39 7.98 4061.09 0.96 547.09 0.2 12-0.47
74.82 538.39 7.75 4076.25 0.96 565.80 0.25 12-0.47
96.19 540.52 7.51 4092.38 0.96 587.17 0.3 12-0.47
0.00 546.91 5.30 4140.73 0.97 490.98 0 12-0.47-0.47
19.51 546.91 5.05 4140.73 0.97 510.49 0.05 12-0.47-0.47
41.18 546.91 4.80 4140.73 0.97 532.16 0.1 12-0.47-0.47
65.40 546.91 4,53 4140.73 0.97 556.38 0.15 12-0.47-0.47
92.65 546.91 4.26 4140.73 0.97 583.64 0.2 12-0.47-0.47
123.54 546.91 3.97 4140.73 0.97 614.52 0.25 12-0.47-0.47
158.84 546.91 3.69 4140.73 0.97 649.82 0.3 12-0.47-0.47
0.00 352.00 12.34 2665.05 0.63 337.74 0 15

0.00 461.43 8.96 3493.59 0.82 388.92 0 15-15-047
8.82 465.49 8.77 3524.27 0.83 398.49 0.05 15-15-047
18.71 469.88 8.57 3557.55 0.84 409.21 0.1 15-15-047
29.44 475.29 8.36 3598.52 0.85 418.41 0.15 15-15-047
41.96 480.59 8.13 3638.68 0.86 431.94 0.2 15-15-047
56.32 486.38 7.88 3682.50 0.87 447.40 0.25 15-15-047
71.75 493.95 7.62 3739.79 0.88 461.31 0.3 15-15-047
0.00 516.70 7.34 3912.05 0.92 390.34 0 15-0.47
11.78 519.46 7.15 3932.94 0.93 403.03 0.05 15-0.47
24.97 522.35 6.94 3954.80 0.93 417.23 0.1 15-0.47
39.18 522.48 6.72 3955.77 0.93 428.73 0.15 15-0.47
55.81 523.69 6.48 3964.98 0.93 446.57 0.2 15-0.47
74.82 524.89 6.22 3974.01 0.94 466.77 0.25 15-0.47
96.19 524.89 5.95 3974.01 0.94 488.15 0.3 15-0.47
0.00 546.91 6.04 4140.73 0.97 490.98 0 15-0.47-0.47
19.51 546.91 5.76 4140.73 0.97 510.49 0.05 15-0.47-0.47
41.18 546.91 5.48 4140.73 0.97 532.16 0.1 15-0.47-0.47
65.40 546.91 5.18 4140.73 0.97 556.38 0.15 15-0.47-0.47
92.65 546.91 4.87 4140.73 0.97 583.64 0.2 15-0.47-0.47
123.54 546.91 4.56 4140.73 0.97 614.52 0.25 15-0.47-0.47
158.84 546.91 4.24 4140.73 0.97 649.82 0.3 15-0.47-0.47
0.00 272.28 13.11 0.00 0.00 272.28 0 20

0.00 364.66 11.35 2760.92 0.65 301.39 0 20-20-0.47
3.91 366.11 11.32 2771.92 0.65 305.96 0.05 20-20-0.47
8.26 367.71 11.30 2784.03 0.66 311.04 0.1 20-20-0.47
13.13 369.47 11.28 2797.37 0.66 316.70 0.15 20-20-0.47
18.62 375.84 11.07 2845.53 0.67 318.71 0.2 20-20-0.47
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24.85 378.01 11.04 2861.98 0.67 325.90 0.25 20-20-0.47
31.98 380.44 11.00 2880.36 0.68 334.09 0.3 20-20-0.47
0.00 456.85 9.05 3458.87 0.81 388.87 0 20-0.47
11.61 463.02 8.82 3505.58 0.82 399.65 0.05 20-0.47
24.71 469.22 8.57 3552.54 0.84 414.57 0.1 20-0.47
39.16 476.69 8.31 3609.11 0.85 428.57 0.15 20-0.47
55.34 485.33 8.03 3674.54 0.86 444.18 0.2 20-0.47
73.58 494.77 7.74 3746.01 0.88 461.80 0.25 20-0.47
95.61 503.17 7.40 3809.58 0.90 486.21 0.3 20-0.47
0.00 531.95 7.27 4027.51 0.95 491.54 0 20-0.47-0.47
19.46 539.94 6.95 4087.96 0.96 509.53 0.05 20-0.47-0.47
41.05 545.78 6.61 4132.20 0.97 530.91 0.1 20-0.47-0.47
65.40 546.91 6.27 4140.73 0.97 556.38 0.15 20-0.47-0.47
92.65 546.91 5.91 4140.73 0.97 583.64 0.2 20-0.47-0.47
123.54 546.91 5.54 4140.73 0.97 614.52 0.25 20-0.47-0.47
158.84 546.91 5.15 4140.73 0.97 649.82 0.3 20-0.47-0.47

L) olaa aladin) BeliS to (o ) gl il

15dS/m 512 dS/m dallall 4,1 L Sl Jua 6l Jazs aladial aie 431(5) 5 (4)cnd saall a3l
Gl aae S L5 jiea Juall clllaie ()85 Ladie aisall (50 (o ) o glitall (5 olse alaiiusd 30 lS (3
) A2 ) gﬂ\ s_ULn\ Jealaa o ‘_gi _aTsjUSA\ Lﬁ)j‘ olae e\Ailu\ 3eleS EJ\,}) ‘_A\ G 8 g )SSi PRGN 4\,33.\]\
J‘_ﬁ)]\al:meh‘;ﬁu\'&;us}(u\aaﬁ)::\:\5.'\3%‘))L}A‘),\S\Sg‘)ogae\dif\u\'égﬁs‘;kﬂ(@u;\g):@;bd\:\;})
5oL 0 W) paill s g0 DA gl 2 (55 e (Ralle () ¢ A ) (o oSl (e gy s i)
ltlaial (Aalle gl ) 4 Ay ) 5 (Aadledn, Al 4g)) e JB) (Radle 4y 0 (R ele i) ) (s ole aladin)
Leadiiaall Gl dae o) (A s candl s (5) Jsaall Juad) cilallaia 4815 (4)Js2all (%30-%15) (e Sl
Galledy,: 8iela (L)) O 81 (Aalle gl 1 A )5 (Al dy 1 4 ) bl (B sail) e DA
gy il 5 5 I 3L 8155 580 U ey iyl sae A () 5 LS Al olual) dpaS 55 iy
55 gl el W1 AL pn bl s oMl Gl ) el 3ol Agie 3 55% il iy
Gl LS Jaal) clallata hala 51 LalS ad) sl J3A e BaaBli g ol 5 5Y) ol sdie 5 o glhaall il 31 ) J ga gl
Lﬁ‘)n A a_s-“-‘)@s\ Jua gill Y aze 43T 5Ll e\dil.u\ LN
e gl die Aalle slaay patusall (5 ) e S) o gliiall (5 5l (5 )l ola aladinl 3o () aiitus o Sy iy
233 o g gliiall (5 aladdinl e Al <l I aae 3aly ) O g o(Rali g Aalla lia) saill as ga JIA QIS il )
Geaad) illlata 33l 30 J8 (5 )l olae aladind 3oL () LS (g )Ml olae aladin) 306

12dS/m (b 4SY Jaa 5il) Jaral Ggliiall g palinall 5 U (5 ) ola aladlin) 3oUS 3(4)J g

(3p/p3S) Juad) clallaiay glitall (g 1) olaa aladic BeliS JEVIPYKESP AR
sliay paliaal) g M)
12-0.47-0.47 12-0.47 | 12-12-0.47 | cllkia (3?/@5)3@&4.
Jud)
0.84 0.82 0.78 0 0.78
0.81 0.80 0.77 0.05
0.78 0.78 0.76 0.1
0.74 0.76 0.75 0.15
0.71 0.74 0.74 0.2
0.67 0.72 0.72 0.25
0.64 0.70 0.71 0.3
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15dS/m (b gSY Jaa 5il) Janal qughiiall g salnall (g U (g 1) ola aladli) 3pUS 3(5)J gad)

(3p/a3S) Judd) clllatiag o gliiall (g ) slaa aladini) BeliS olia aladiic belis
slaay yaiauall g 0
15-0.47-0.47 15-0.47 15-15-0.47 | cllkia | (34/piS)dalle
Sd)
0.84 1.00 0.90 0 0.63

0.81 0.98 0.88 0.05
0.78 0.95 0.87 0.1
0.74 0.92 0.86 0.15
0.71 0.89 0.84 0.2
0.67 0.85 0.82 0.25
0.64 0.81 0.81 0.3

A1) g dadlal) slaall aa dpaliY) Cp ABMat) Sl

G il Aaliny) g Aadlall 5 4l Adliaall (g 0 olae A€ Jis Sl 5 (7) s il OMA (e
Aallal olpall pe sl ZLEY) g day 53 Ae ala) a3 JulS sai aus se JDA 6l g ,Y) 8 dilide LY 5 daliss
<0.8) Ualaal) Ll R? agaaill Jalre (S G Al A8le alayY SPSS geeli_y paiual 3 Cua (17) Alalre 4l
sl e dS/m (20 515 5 12) e da sill Y221 (0.99 0.93

Ya=A+BW1+CW2 e (11)

(Pla)JalS g s 50 JOA Alad g (g Adlimall oliall 4paS: W1

(Plo)JelS sad ans 50 IS Aallal) 50 Ailadl) olall 408 W2

Adlaial) Cag yla g Aallal) 35 3l 5eSH Jaa i) Jana s Jemnall 5 53 e aaind cul 5 AB,C

Aagdll Al () g Adlas L] Jdany C <G 0l (6) Jsaall Lale Jsanll 5 N il IS (e Laa ) das
stial) ALY A ) oo Lee Aadlall 45500 AU 5eS) Jua il Jaxa 30l 3 2l 33
pladil (< ¥ 4l LS celiandl 3 )0 J ganal 5 i)l Adlata Chladaa g 8y pdal AL (11) Malaall Giladas o
(bl ol 35 334 3 5 (g )l il e A1 (g ol olpall 418 aga S (6T Gl (g 0 gyl 8 Adoleal)
(7) = (11) Ciasad e dailill 5 (12) Aslaall VA (e elimnll 530 J pemnal ool i - Al s oKy LS
Aadldl obuall 5ilE ()50 Aiall 2LV s (R Aalle) ddlicaa) slsall 4paS ale 1)
ETcadj (A+ BW1+CW2), 1
— 4 1 qa- —1 e (12)

ETc Ym Ky
(IS Al i ] (s s eliall 3,01 J panal Ky 4ad o Lo

ETcadj (A+BW1+CW2)

ETc Ym (13)
Led 2l Jales g daitiall ¥alaall 5 Zallall 2 0 5L 5eSU Jas sl Jaxs 2(6)J 522l
b)) el S eS Jaa gl Jane
apal) © dS/m Aallal & 0
Ya =3901.88+0.672 W1 - 0.324 W2 0.8 12
Ya =4694.88+0.144 W1 — 4.92 W2 0.93 15
Ya = 3046.839+1.22 W1 — 8.332 W2 0.99 20

plainl Lada (53 (e SPSS meliun (Independent  Samples) g 5= o= (T- Test) il el ) o5
ATl slaall (e Alimall olpall A paS (pui] sl 3 51 ilis e (6) Jsiad) (e Ll o il Ca¥alaal
a8 Y Al il G (6) Jsaadl 8 Vbl (5S35 8 Jant A ail g deadioall o) 5 )Y bl il 5 Al

¥l el L Sl (P-Value > o ) %95 460 2 gas (51 965 A1V (5 siuna & pine il g 58

70

www.manaraa.com



Al-Rafidain Engineering Vol.20 No. 4 August 2012

0 (5 50 olsa (o Ailma A peS 5aa) Anviiianall ¥alaall 5 o sladl 23 5 i) e il ALY 2 (7) Jsaad)
Aalll

s }1‘\‘ ) e cla ko G}"f‘?{“ sy la la

Gy | e e | e | | | e | |
3632.2 3638.7 | 222.1 | 209.8 | 0.47-15-15 4008.3 4009.1 | 266.5 | 224.4 0.47-12
3634.4 36825 | 222.1 | 225.3 | 0.47-15-15 4004.4 4020.9 | 266.5 | 236.3 0.47-12
3636.4 3739.8 | 222.1 | 239.2 | 0.47-15-15 4000.2 4033.5 | 266.5 | 249.4 0.47-12
4156.0 4140.7 | 120.4 | 370.6 | 0.47-0.47-15 | 3995.4 4046.8 | 266.5 | 264.1 0.47-12
4158.9 4140.7 | 120.4 | 390.1 | 0.47-0.47-15 | 3990.1 4061.1 | 266.5 | 280.6 0.47-12
4162.0 4140.7 | 120.4 | 411.8 | 0.47-0.47-15 | 3984.0 4076.3 | 266.5 | 299.3 0.47-12
4165.5 4140.7 | 120.4 | 436.0 | 0.47-0.47-15 | 3977.1 4092.4 | 266.5 | 320.6 0.47-12
4169.4 4140.7 | 120.4 | 463.3 | 0.47-0.47-15 | 4063.3 3821.7 | 321.5 | 168.5 | 0.47-12-12
4173.8 4140.7 | 120.4 | 494.2 | 0.47-0.47-15 | 4059.0 3840.2 | 319.6 | 177.9 | 0.47-12-12
4178.9 4140.7 | 120.4 | 529.5 | 0.47-0.47-15 | 4056.1 3866.8 | 320.3 | 188.4 | 0.47-12-12
3499.9 3458.9 | 167.5 | 221.4 0.47-20 4052.8 3894.9 | 321.1 | 200.1 | 0.47-12-12
3513.0 3505.6 | 167.5 | 232.1 0.47-20 4050.8 | 3917.9 | 322.3 | 208.9 | 0.47-12-12
3531.2 35525 | 167.5 | 247.1 0.47-20 4044.6 39415 | 320.3 | 223.8 | 0.47-12-12
3548.3 3609.1 | 167.5 | 261.1 0.47-20 4039.1 3961.8 | 320.3 | 240.9 | 0.47-12-12
3567.4 36745 | 167.5 | 276.7 0.47-20 3862.7 | 4140.7 | 120.4 | 370.6 | 0.47-0.47-12
3588.8 3746.0 | 167.5 | 294.3 0.47-20 3856.4 | 4140.7 | 120.4 | 390.1 | 0.47-0.47-12
3622.8 3735.2 | 167.0 | 318.7 0.47-20 3849.3 4140.7 | 120.4 | 411.8 | 0.47-0.47-12
2822.7 2760.9 | 227.2 | 74.2 0.47-20-20 3841.5 4140.7 | 120.4 | 436.0 | 0.47-0.47-12
2822.7 27719 | 2278 | 78.1 0.47-20-20 3832.7 | 4140.7 | 120.4 | 463.3 | 0.47-0.47-12
2822.7 2784.0 | 2285 | 82.6 0.47-20-20 3822.7 | 4140.7 | 120.4 | 494.2 | 0.47-0.47-12
2822.8 2797.4 | 229.2 | 87.5 0.47-20-20 3811.2 | 4140.7 | 120.4 | 529.5 | 0.47-0.47-12
2859.2 28455 | 225.6 | 93.1 0.47-20-20 39029 | 3912.1 | 167.5 | 222.8 0.47-15
2859.6 2862.0 | 226.5 | 99.4 0.47-20-20 3904.7 | 3932.9 | 167.5 | 235.5 0.47-15
2860.3 2880.4 | 227.5 | 106.6 | 0.47-20-20 3906.7 | 3954.8 | 167.5 | 249.7 0.47-15
4075.3 40275 | 120.4 | 371.2 | 0.47-0.47-20 | 3908.4 3955.8 | 167.5 | 261.2 0.47-15
4097.2 4088.0 | 120.4 | 389.2 | 0.47-0.47-20 | 3911.0 | 3965.0 | 167.5 | 279.1 0.47-15
4123.3 4132.2 | 120.4 | 4105 | 0.47-0.47-20 | 3913.9 | 3974.0 | 167.5 | 299.3 0.47-15
4154.4 4140.7 | 120.4 | 436.0 | 0.47-0.47-20 | 3916.9 3974.0 | 167.5 | 320.6 0.47-15
4187.6 4140.7 | 120.4 | 463.3 | 0.47-0.47-20 | 3626.0 | 3493.6 | 222.1 | 166.8 | 0.47-15-15
4225.3 4140.7 | 120.4 | 494.2 | 0.47-0.47-20 | 3627.4 3524.3 | 222.1 | 176.4 | 0.47-15-15
4268.4 4140.7 | 120.4 | 529.5 | 0.47-0.47-20 | 3628.9 35575 | 222.1 | 187.1 | 0.47-15-15
3630.3 | 35985 | 222.1 | 196.3 | 0.47-15-15

A

C¥alra 5 (o guladl 23 gail) ol G A jlEall A Canadinl s Lgie ¥ alaall pliial o3 o) ) ] i
(6) Js>

Slatiiiay)
o Al (e 8 Gasliiall o o shal aladin) die a gall Al dandiall 4 il A slal) Jasa (b it -]
Lled Laniall A 5l Aa gla Jame ¢ LaS caaiinal) Gosbiall 5 0 sl e aaied 231 aS) 35408 Gl 5 ¢ jaiasall
O S)AE Lyl 5l G oS Leaie gLl ol sl alasind Ala 8 Jasad) calallaia 30l 33 J&5 s gl

Aalldl b
e aaiad 3l ke )y paiasall () aladdnl Jla 8 ade o glitall (g aladiul die ol ZLYT sy -2
@) aladi) die il 2Ly 8300 5 lade of bl iy Jad) cilallaia by ) 5 oo liial) o) o sbd
20dS/m Aalall 4 alasiiod Ala L LeS diladl Aadlall il 1) s 8 las Adle paitanal) (5l e 45 lie (o sliiall
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5 el ) Gbul o (%97-%95) s (%89-%8 1) 05 (%67-%65) G 333l Cos gl i Eaa
il il

(ol ol (g sl S a5 a4 (55 Bl 5 3 o815 e k) i 33,5 L5 o) -3
Aol aola 3l s YN &S 55 0B LS o sl (g 1) 8 Aadlall el U Al 4@ il )l s @) LS

e 33k ) Oy ARl Gl aae (g glad e el (g I e ST slitall (g U (6 N slae aladind 3eiS o) -4
8L 3o J85 (g M) olaa aladinl 3L Gl 5 (g )l lia aladind 8oL 2l 5 o g o gliall (g )l aladiin sie 4@l il
uall il

A A ol i Ry R U sl ) 8l 3 s (13) 5 (1) slanialy; Alilae G2l 5
Al all dalaie Claasa g g yla chad elianll 3 AN J geanal il ddlaall @il g daldlal) sliell 40aS
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el ol Aaals " dalail) 5 4 plaill GanY) A As sl (1989) <ot dea) a3 -1

D) ?Ué'.‘ ehiﬁ.u;\.} LﬁJJ‘ elada sla Jg‘j\j Jdss v ‘(2002)&3}% dada J g ‘gigae.‘\ ‘?n'“ <Sla ‘5,.\3& 4‘;..#‘-2

Ao daiill Ay ) dadaiall 5 e 5 ) Cogadl ¢ M e S

paibadll pany 33 5l A ) (5 sinay (sl olas e g3 A slia LT (2007) cdsan Jaje S g pusall -3
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