Juasall daala
dbpall aglall Ay sil) A

aSli cliiad gﬁ dadgal) oliall aniil (ANFIS) ‘:,SSS\ alail) gaudas
(Ariaal) —dallaall) liffgail) aladiuls giallaag

g.i‘l.hl\ «ga) daaa e.u.n\; N

o)) 553 dag
s baausl
il
3o Lawall ALY 3o Lawal) ALY
Srua ajla daaa ) gisul) e gy &) ) gisal)

a YY1 AVELV



duadal)

e Aogana pladiuly Al oLl B Adsall bl ducgi andi ) dag kY] ol o
S o Al daag Ladd auld #aled Caalagig cdamglen iSally Aibaeslly 430500 alulal)
dpolal dalles (33h aladiuly sball s38 daegi s A0l<a) Ay e Slmd ¢ e lihaa|
colaatll 3 dejsal) JUYI (e 230 (e dadsall sbuadl e Cuaas (Al Gaaaily A5l ARy
eball dapy aaan Al clelall cled sadieal) Lwldll @hhI 8y Lyode lellas 2,
BY IV IV QCRUN - RCROVES ST 15 CVN PRI FEG VS UV PRFE P FVIN [ WV
assapaall S dlldly Lnsall Lol g 5055 caspmntiially asauadlSl) Gy g LIS 5ynl)
(g€l sy LS Lac Wl e Smd liansilly caljilly it ySly 215l 2 salisall
Do b L el sl LSy LKA S snel) 3p0mtl dmsl 51 ilemgadll el LS
Al obaall dunal) ADlall auii & daad

Cun i) DU on Adsall sball diegi B Ungale Wils cluldll il ekl
Liw ccaaall (gl ) dabiall Jlaall enn (8.2-7.1) cungrngll () ad Cangli
Uans (b daipe ) dlangia Lad s/ Srasmg Sl (7351 = 366) 4ilyeS Lbuasil) cuglal
Aadipe I WY Gans Cila A5 #5850 8005 I At el ) (eSay s3g LY
=0) O AlSh Olsall LiyShg LSl JSI) aaall =gl ¢ jilfaike (910-10) asmaseall (o L
pan & LIS agag as sl e Tle Laa (1100-3) 5 Tde Lada 107 (490
clilgall u i Ghaliay adaall Gl jslas (e L ) LY

obes dadai & dlle .U (ANFIS) il aelall ouasl) laiall zises ekl
sy Bfigall Churiall G Sakeall Lball e Bl LN e (K6 3 eyl sladl saga
L Slhan) il aae B maly il pe ¢ CCME@laig pe 808 da )y dablgie 45,5 il
Soad e ol Ladiie Gaam Wadgad Jp cdeels 8l 2yae Jie ¥ ANFIS o Gélsill 3a XS54
agpal) bl il s Al Gl (8 Lae Yy el sl Bl S Ldgise
& O Augynall LYY e o iy 388 ¢ (WQI) (ol olaall B35 g il L) dpdally

Obes ey om Cosli Cua o )ll lgieedha



Cpise ad Galidil Jis dadsall sbal) ducgi (b laaly Lt dallaal) il <l
Caelay bl caNell of cpi ay L el sasa il I LY e € aae Jlamly sasad)
(Z-F-AICl5) a3k 43)\8e sbaall L gi cpunss b 3:US ST IS (Z-F-HCl) b5l 04
psial) Ll dais aluad) alaal Jra (81 Jeadl leadls 4S5 o)) (g jpall e cilS Al
ad Sl Laliss) (Z-F-HCI) Gis Cus ¢ skl 1) 8 J81 il gol 4yl A<eally
Aanial Al daw Jea) culS g (B oball Doy Caial B maagl Laady clyasal
(%35.8) ) clay Al sad) ALY & (Z-F-NaCl) agmaseall 1)glSs dalaall z 354l
Ay uadll s ANFIS zisar (Se L& (%48.9) L ) clliay Al agauiaal) Al
Copga) LS el s 3 e liaal) oIS 7 3lat pe Aalladll il e dalled 13650 ¢l
S olall e Al daling ikl AN A (Z-ARM)piaal) il 86US duhll 3
G b (%97.1) angl o sl AN A cilims n 8 (%73) A das ) cilea
1)slSs Jalaall giadll el Gady Lady L (%74) ais Lo ) b€l Al cileay
. (Z-F-AlCls) cu¥aill e odlel 5o<aall SN (it (3hai Z-ARM-AICL3) sl
A by shall Licgh auil sl sl Gn aeall of A duh cuald
ddgal) el aniil Bgises ladiie bale D) iy ¢« ANFIS zisei Loy ¢ elihal
gllaall alall Vel aladi) of k) coS LS L adad) dalledll @bl il dulasg
S il Gy daling ddsall sbuall dac gy (puaadl Lalaily Llee hla Jiay aelally

Aguegs jeadigsball md (e (Slad Al halidl G Lels ¢ )



Abstract

This thesis aimed to evaluate the groundwater quality in the Telkaif
district using a range of physical, chemical, and bacteriological measurements.
It employed both traditional and modern assessment models based on artificial
intelligence and explored the possibility of improving groundwater quality
using economical and environmentally friendly treatment methods. To achieve
this, groundwater samples were collected from several wells distributed
throughout the district and analyzed in the laboratory according to established
standard methods. Physical measurements included determining temperature,
electrical conductivity, pH, and turbidity. Chemical measurements included
estimating total hardness, calcium and magnesium hardness, and the
concentrations of major positive and negative ions such as sodium, potassium,
chloride, sulfate, nitrate, and phosphate, as well as total alkalinity and
bicarbonate ions. Bacteriological tests were also conducted to determine the
total bacterial count and fecal coliform bacteria, given their importance in
assessing the health and safety of the groundwater.

The measurements revealed significant variations in groundwater
quality among the studied wells. pH values ranged from 7.1 to 8.2, within the
neutral to slightly alkaline range, while electrical conductivity (366—7351
uS/cm) showed moderate to high values in some wells, reflecting higher
concentrations of dissolved salts. Some wells recorded relatively high sodium
concentrations (10-910 mg/L), and the total bacterial count and total coliform
count ranged from 0—490 x 10 cells/ml and 3—1100 cells/ml, respectively. The
presence of bacteria in some wells is attributed to their proximity to surface
pollution sources and livestock farming areas. The Adaptive Neuro-Fuzzy
Inference System (ANFIS) demonstrated high efficiency in modeling drinking
water quality behavior. It was able to capture complex nonlinear relationships
between influencing variables and provided predictive results that were highly
consistent with CCME classifications, with a significant reduction in statistical
uncertainty. This consensus confirms that ANFIS is not merely a supporting
tool, but an advanced predictive model capable of enhancing the reliability of
drinking water management decisions, particularly in environments
characterized by overlapping geological and human influences. The results of
the Water Quality Index for Irrigation (WQI) showed that the well water studied
varied in its suitability for irrigation, ranging from poor to excellent. The
treatment results demonstrated a clear improvement in groundwater quality,
reflected in lower quality index values and the upgrading of a significant
number of wells to higher quality categories. The zeolite treated with
hydrochloric acid (Z-F-HCI) proved more effective in improving water quality
than the (Z-F-AICl3) method which was supposed to have better results, but the
small pore sizes resulting from the bonding of aluminum to the crystal lattice
led to less effective results in removing pollutants, (Z-F-HCl) achieving a
greater reduction in index values and a more pronounced improvement in water



quality classification, the best removal rate using sodium chloride-treated
zeolite (Z-F-NaCl) was for hardness removal, which reached (35.8%), and
magnesium removal, which reached (48.9%). The ANFIS model accurately
reflected this improvement, confirming the effectiveness of integrating
treatment technologies with artificial intelligence models in performance
evaluation. The study results also demonstrated the efficiency of the
manufactured zeolite (Z-ARM) in removing pollutants, particularly water
hardness, achieving a removal rate of 73%, while calcium alone achieved a
removal rate of 97.1%. The elimination of sulfates amounted to 74% , The same
holds true for the synthetic zeolite that has been treated with aluminum chloride
(Z-ARM-AICIs) and the zeolite (Z-F-AlCls).

The study concluded that combining traditional water quality
assessment indicators with artificial intelligence technologies, especially the
ANFIS model, provides an advanced and reliable scientific framework for
groundwater evaluation and analyzing the impact of different treatment
methods. The results also confirmed that using acid-treated natural zeolite is a
practical and economical option for improving groundwater quality, particularly
for water with high sulfur content, especially in areas suffering from water
scarcity and deteriorating water quality.
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