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3D printing technology for buildings and its
impact on the residential architectural

product

Abstract:

With the great technical development accompanying contemporary trends
in the architectural field, 3D printing of buildings constituted a qualitative
leap in the world of architecture and construction. Printed buildings
appeared as milestones in the history of construction, which led to many
guestions about the design and implementation techniques for buildings
resulting from this technology, especially residential ones. Because it
affects people in their daily lives more than other buildings, so the
research dealt with the concept of 3D printing and then looked at the
concept of printing in the field of construction, and the methods of
producing the building from design to final implementation. Then, several
printed residential buildings were discussed in the analytical study in
order to deduce the effects that resulted from the use of 3D printing
technology in residential buildings, both positive and negative, to arrive at
proposals that can be used in the future to activate the role of this
technology and improve its results.

key words: technology— 3D printing — architectural product- residential

buildings - architectural design.
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Study the effect of changing hydraulic
load and pH on the ability of duckweed

to Phytoextraction cadmium from water

Researcher: Shorouk Saad - University of Homs - PhD student - Department of

Architectural Engineering — Faculty of Civil Engineering.

Supervisor: Dr. Naima Ajeeb - University of Homs - Faculty of Civil Engineering —

Department of Civil Engineering — Sanitary Engineering Specialization.

Supervisor: Prof. Samir Shamsham - University of Homs - Faculty of Agricultural
Engineering - Department of Agriculture and Land Reclamation Specialization - Judicial
Science Specialization

The research was conducted in the Environmental Engineering Laboratory
at the Faculty of Civil Engineering — Al-Homs University, where the main
objective of the research was to study the efficiency of duckweed in
reducing cadmium concentrations in water at three concentrations (0.25-
1-2 mg/l). In order to conduct the research, two basins were designed with

different heights (H1=65cm, H2=25cm) and with a residence time ((T1=7-

48



4 larall g Aiaall dpuigl) a glad) Abeles uaaa drala daa
pdad jpaw,d,| cuac dami M (39 pi 2025 ale 8 aaal) 47 alaall

T2=15day). Surface hydraulic loads were applied at the residence time.
After planting the two basins with the plant and taking samples at values
of (pH1=7.7, pH2=4.7), the results of the laboratory measurements
obtained showed that the cadmium removal rate was about 80.43% at a
depth of 25cm and after a residence time of T=15day and at a hydraulic
load of 0.016m3/m?2.d, and the efficiency of removing cadmium from water
was at pH=7.7 It was higher than water with pH=4.7, so the results proved
that the plant treatment method using duckweed is an economical method

that can be adopted.

Keywords: Phytoextraction — duckweed — cadmium - surface hydraulic

loading.
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0.6 0.150 0.4 0.105 5-11-2023 | 29-10-2023
0.6 0.151 0.4 0.107
0.6 - 0.4 - Average BF

0.5 0.492 0.3 0.305
0.55 0.495 0.3 0.305 20-12-2023 | 13-12-2023
0.49 0.491 0.28 0.301

0.53 - 0.29 - Average BF

0.4 0.901 0.24 0.495

0.4 0.900 0.22 0.492 6-2-2024 30-1-2024
0.4 0.898 0.22 0.491

0.4 - 0.22 - Average BF
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Jaeatl) die cdadipe Cil€ Ll Glial B o) K1l dalas ad o (5) Jsandl co
Gy Wl asall el g il J8 LS il ¢(0.036 mP.mA\d) adaudl Sy sl
cJamil (€8 a5 AaSle e colall 500

: AL 4 el

0S5 (0-25-1.02-2.05) 3815 D assaslslly Bgle slaa b eld) (e el s
Cdasaadlsll juaial slaall Julat m38(6) Jsaadl G .pH=7.7 5 T,=15day &Kl (105

pH=7.7 5 T,=15day ¢:a (a) g Cllasuatlshl juaind obiall Jilas gilis(6)J g
E% 45y) 55 i

93 Jagall zia Noanl paa | Jan | Mgyl | del) gl

GSlongl el | Sloned dadl | Qalsd) | A A
bl bl Ay i)

(0.016 m*>.m*\d) | (0.043 m*.m?\d)

E% (Cd)mg\l E% | (Cd)mg\l | (Cd)mgl

80.83 | 0.046 | 52.08 | 0.115

80.83 | 0.046 | 52.09 | 0.113 0.25 | 20-11-2023 | 6-11-2023

80.84 | 0.047 | 52.08 | 0.115

80.83 - 52.08 - - Efficiency%

75.09 | 0.254 | 49.90 | 0.511

75.10 | 0.255 | 49.90 | 0.511 1.02 4-1-2024 | 21-12-2023

75.29 | 0.252 | 49.44 | 0.516
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4 larall g Aiaall dpuigl) a glad) Abeles uaaa drala daa

pliadi e,y cuas daad S (§ g 2025 ole 8 2l 47 alaal)
75.16 - 49.74 - - Efficiency%

63.25 | 0.746 | 45.22 | 1.112
63.34 | 0.744 | 45.12 | 1.114 2.03 21-2-2024 | 7-2-2024
63.34 | 0.744 | 45.12 | 1.114
63.31 - 45.15 - - Efficiency%
S () e ughll 5805 S die Capall sl (e asmadl&I) ALY seleS (7)) JSEN
.pH=7.7 5 T,=15day

T2=15day - pH=7.7
) (o] cm—Y a gl

100
80

40
20

C1 Cc2 Cc3

EiSa () A Eghill 305 EM die Cial) olia (1 agsadlSl) A) 5o S (7)JS)
pH=7.7 4 T,=15day

) Sl a) ol LSy A3y Be S aly LS oyl (Bae 8 LalS il dyaill (e it
b il ad o il e ANRYT 5o S Cumdl) sy yaall CDLalaall paes g AURY 361
e Uil Ay sllaal) 50Ul ) Jaasll ST e e () b sl 35 pe Ml 5.0 0aal)
dagansall 352l Y Jsasll e a3l GS(0.25ppm(cd)) oslil) xie JsY) allal)
te CdaspadlSll juaied el s 35 (7) Jsandl G - seall Al Adialsal) Canen

BF (goall &Sl dalaas pH=7.7 5 To=15day &Sa ya
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slall (s a gradlsl)

3 Tr=15day &sa () aa Cdagarlsl] jpuaind i) Julad milds (7)Jgaad)
BF gal) asiidll Jalaag pH=7.7

Jaaaill g3 (agall Jeaadll 53 (agal) Wit | Al Al
bl Slgngd) | Akl Sy ugd) il Al
(0.016 m*.m2d) | (0.043 m*.m?\d)

BF (Cd)mg\Kg BF (Cd)mg\Kg

0.8 0.202 0.5 0.134
0.79 0.199 0.5 0.132 20-11-2023 | 6-11-2023
0.78 0.197 0.5 0.130

0.9 - 0.5 - Average BF
0.75 0.763 0.5 0.506
0.73 0.761 0.52 0.508 4-1-2024 | 21-12-2023
0.76 0.766 0.5 0.505
0.74 - 0.5 - Average BF

0.6 1.283 0.45 0.915

0.6 1.281 0.44 0.910 21-2-2024 7-2-2024

0.6 1.284 0.44 0.912

0.6 - 0.44 - Average BF

& &l5 0.25ppm bl ie 2 dpaill 8 clall (gaall aSIE Jalea ad o (7) sl oo
52038l o LSy (S bl UL aslsl) (g 48 il 250m ey oLl
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S (39

2025 ple 8 aaal) 47 alaall

Rk { e P WP

OS5 (0.22-1.01-2.04) 3815 Dy o 5maalSIl gl olse b e lall Gute dey) Cads
.pH=4.7 s T|=7day &Sa () ESA ()

pH=4.7 5 T|=7day & (1) go Cd o gaaal&l) puaial sliall Jilat &35 (8) g2l

E% WY se

PH=4.7 5 T =7day &a ¢aj ga Cd pgaadlsll uainl olual) (il gilii (8)J g2l

E% 4y) 50 is;

Nuanllgae | dgand gae | JAa | Migyl | Ael)ald
Sl duaadll | Silgsngd) Jraadll | Galgal) Ll Ll

W W T adll
(0.036 m>.m*\d) | (0.093 m*.m?\d)

E% (Cd)mgl E% | (Cd)mgll | (Cd)mgl
20.45 | 0.175 | 14.09 | 0.189
21.36 | 0.173 | 14.54 | 0.188 0.22 | 28-11-2023 | 21-11-2023
21.81 | 0.172 | 14.09 | 0.189
21.21 - 14.31 - - Efficiency%
10.89 | 0.900 | 5.30 | 0.956
11.48 | 0.894 | 5.64 | 0.953 1ol 14-1-2024 | 7-1-2024
10.79 | 0.901 | 5.44 | 0.955
11.05 - 5.46 - - Efficiency%
11.81 | 1.799 | 3.08 | 1.977

2.04 29-2-2024 | 21-2-2024

11.91 | 1.797 | 3.28 | 1.973
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OBAIY slall Guis il B da o pH A gutgd) oal) g Sl gl Jaad) it LA A )
slall (s a gradlsl)

12.05 | 1.794 | 3.18 | 1.975

11.92 - 3.18 - - Efficiency%

T1=7day - pH=4.7
(o]l em— (5 sall
50
40
30

20 \

10

c1 Cc2 Cc3
EiSa (pa) Cuglill 385 EBE de Cipuall ol (e agsanlS) A 5o lis (8) sl
pH=4.7 5 T,=7day

Ll & gl aldl @y Cuacelall e aspealSl) Al 3 alassl <3l o
cile dua 256m glay¥) 3 JE (asal) 33 ST el IS5 ol 6 any aeal)
D el uae il A€ i Amapall bl o e ae ) e cdalS J< il
coaanll L) 8 sall) e

pH=4.7 s T=T7day &8s (1) as Cd o graal&ll jeaial bl Jilat 505 (9) Jsaad) G
BF ol Shall Jalas
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4 larall g Aiaall dpuigl) a glad) Abeles

waas dsaly dlas
2025 als 8 2l 47 alaal)

pPH=4.7 3 T;=7day &< ) g Cd agaslsl) painl cladl) Julas zilii(9)J gasd)

BF (sl aSlill Jalaa

Seaalll g Gasal) | Jpeadl) g gasal) | Mgl | el ats
bl Slongl | abal) (Slgugl) | Dl Ll
(0.036 m3.m2\d) (0.093 m3.m2\d)

BF (Cd)mg\Kg BF (Cd)mg\Kg

0.2 0.043 0.13 0.030
0.18 0.040 0.13 0.031 28-11-2023 | 21-11-2023
0.18 0.041 0.15 0.033
0.19 - 0.14 - Average BF

0.1 0.106 0.05 0.054

0.1 0.103 0.05 0.051 14-1-2024 7-1-2024

0.1 0.104 0.05 0.050

0.1 - 0.05 - Average BF

0.1 0.242 0.03 0.063

0.1 0.241 0.03 0.061 29-2-2024 21-2-2024

0.1 0.241 0.03 0.060

0.1 - 0.03 - Average BF

Al Sl W e clalle s daa AL 3 Zuyatl 5 calS o) wSI0 ales 2

ragll) Al
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slall (s a gradlsl)

OS5 (0.22-1.02-2.01) 3815 Dy o 5manlSIl Eigle olse b e lall ute dey) s
.PH=4.7 §Tr=15day &S (1) ESall ()

pH=4.7 sT,=15day ¢&a (1) ge Cd o g2aal&ll jaialsluall Jilad milis (10)Jsaad) cpm

E% a3y 50

3 Ty=15day & (1) e Cd agpaalsll puaind slial) Judad ilis (10)J g

E% 4y) 3¢lisy pH=4.7

Poaaligae | shoasl pae | Jam | Bigl | Al gt
GSlongl el | Sloned dadl | Galsd) | Al e
bl bl Al

(0.016 m*.m*\d) | (0.043 m*>.m?\d)
E% (Cd)mg\l E% | (Cd)mg\l | (Cd)mgl
32.72 | 0.148 | 20.90| 0.174

0.22
34.54 | 0.144 | 19.54 | 0.177 12-12-2023 | 29-11-2023
33.18 | 0.147 [ 19.90| 0.178
33.48 - 19.84 - - Efficiency%
22.15 | 0.794 | 16.17 | 0.855

1.02
22.25 | 0.793 | 16.27 | 0.854 29-1-2024 | 15-1-2024
22.05 | 0.795 | 16.47 | 0.852
22.15 - 16.30 - - Efficiency%
17.71 | 1.654 | 10.95| 1.794
17.66 | 1.655 | 10.49 | 1.799 2.01 17-3-2024 | 3-3-2024
17.51 | 1.658 | 10.89 | 1.791
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17.62 - 10.77 - - Efficiency%

ESa oy Sghll 305 ED vie Capeall sla (he assedlSl) Al 30U (4)habiad)

50
40
30
20
10

.pH=4.7 5 T,=15day

T2=15day - pH=4.7

\_)‘a};.“ —Vu\‘a};.‘\

\

C1 Cc2

C3

S (pa) Caglill 305 EM i Cipual) olia (i agpadlS A) Bs Ui (9)Jei

pH=4.7 5 T,=15day

8aly) oy ZABN Apaill e el cul€ Aaghll dypanl) 3 AU5Y) 3e 1S Aad o bl s
O +%33.5 jsla Al )l Juadl 3 LeiShicpag S sbeaal) hainl ae S B
pH=4.7 5 T)=15day ¢&s a) e Cd sl (o il ot il (11)Jsaad)

E% A3y 56l

PH=4.7 3 T=15day &< () ga Cd pgraslsl) cpa il Jlas il (11)J g2

E% 45y LSy

Jeaadll g3 agall | Jeaadll g3 (agal)
bl Sdgpngd) | Akl Sl ngd)
(0.016 m*.m?\d) | (0.043 m*.m*\d)

Wil | Asl) s

- -

e e
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CaMAILY slall (uae iyl 88 o pH A gl oY) 9 Slgungd) Jaadl s B A o

slall (s a gradlsl)

BF (Cd)mg\Kg BF (Cd)mg\Kg

0.3 0.07 0.2 0.042

0.3 0.08 0.2 0.42 12-12-2023 | 29-11-2023
0.3 0.07 0.2 0.43

0.3 - 0.2 - Average BF
0.22 0.224 0.16 0.166
0.22 0.224 0.16 0.164 29-1-2024 15-1-2024
0.22 0.227 0.16 0.168
0.22 - 0.16 - Average BF

0.1 0.220 0.09 0.200

0.1 0.222 0.1 0.205 17-3-2024 3-3-2024
0.1 0.225 0.1 0.201

0.1 - 0.1 - Average BF

LShe el oo Sl OIS JWlleaalsl) e sasmys das AL gpall WS Jolas o

comeall gl s

MUA 3 Qu‘ll'\.“—6

ESa () ae ¢ 25CM Gaall die %80.84 aspedlSU A dps clall @Es -1

302
.0.016m /m .d Sy Juead e T=]15day
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Jalaa 4o QJ.AA} Cua Cuwlia ESa (1) cace):md@ REEN (:Sb.o eladl Luae @ly I -2
veT=15day ESa ) e ¢ 250M Gaall die dalsll e And ol ) guadl oI5

3 2
0.016m /m .d Sl s Jaeas
4.7=pH b ol e el @il 7.7= pH e sball (0 aspaalSl) 4)5) 5016 -3

silayifally claliinuy -7

dalaiall ‘da;.auﬁ‘\:\chmlb :\_x;.;aj\ g_v.;aal_m u\.un GA A e L_ILLI e\.l;:\.u\ uSAg -
235 Jlaly asmeal€l) GadAL o 308 bl CulS Cune paaneba b deliall
i) @) Cliaalsal) i A gansall 350801 )

&)L@asjw\ (R ;L’m& ‘éﬁ ‘é_cl_uaﬂ d}a alzm W?)ﬂ‘d&\ J.\S)'} B.ﬂ:a)' dl; L.%A -
iealyel G sl 3g0all Jpeall 5,87

3331 <0.25Mg\L e lef gl vie el (e o spaal€l Y slad) Luae il 4 aae-
cas 15 e ST saal Ll ESa (g0) 5345 (e A (adAiu) 35350

oAl aall Capeall sl gl Abalsall Gilse 5 e Al 33350 Giiad (San =
25CM Gae 5 as 15 Ea e il

saalal)

ol 42.3)}.&5\ 4:\.3)::1‘ u‘u.ab.d\j QM\}A\ Aa deliall 'é)b} M_DJJ\ 2_}.9,1\ MJ}@-AAJ I [1]
2008 (2580) Aslall 45all Aalleall aall Cipeall

Cldliall Ay sl Lyl bl ilial salldian e Uiaall 5135 ¢y guall s yall 2y sgandl [2]
:2009(3474) 2alal 2l L Leaslas zsanall e lial) ZBLY
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Aliay g aall gl d6all Sl AlTs 35881 £55 Aajlie adly (fidie Jlagivl s
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An Experimental and Analytical Study on the
Effect of Recycled Aggregate on the Behavior

of Reinforced Concrete Joints
Abstract:

This research presents an experimental and analytical study on the behavior
of reinforced concrete (RC) edg joints constructed using recycled aggregate
concrete (RAC), with the following replacement ratios: 0% - 25% - 75%..
Six joints were tested in total,two joints for each replacement ratio. The
crack distribution and failure mechanism of the studied concrete joints were
monitored, and the analytical results were compared with their experimental
counterparts to develop a model that closely represents the studied joint. The
results showed a decrease in the ultimate load capacity of joints constructed
with recycled aggregate concrete (RAC) compared to the reference joints
made with natural aggregate concrete (NAC). The decrease in the applied
ultimate load did not exceed 12.16% for the 75% replacement ratio. It was
observed that no cracking occurred in the joint region, while multiple cracks
formed on the upper surface of the beam in all specimens then, failure
occurred due to the expansion of the main crack at the interface between the
beam and the column. The analytical results showed a close agreement with
the experimental results. The difference between the experimental and
analytical ultimate load capacity was ranging from 5 % to 2.5% for joints
with 25% and 75% replacement ratios, respectively, compared to the
reference joint. The results demonstrated the feasibility of using recycled
aggregate in structural elements, particularly in reinforced concrete joints.
A ratio of 25% was found to be the closest to the reference joint in terms of
maximum load capacity, deflections, and crack propagation mechanism.

Key words: Recycled aggregate, RC Joint, replacement ratio.
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Abstract:

The Study aims to investigate the effect of variable damping , which is
dependent on response acceleration , on the analysis of multi-story

reinforced concrete frames using the response spectrum method .

Reinforced concrete frame models with a single bay and varying numbers

of stories (from one to fifteen) were analyzed twice :

First , using response spectra derived from different intensity levels of El

Centro earthquake , assuming a constant damping ratio of 5%.

Second, using response Spectra derived from the same seismic
intensities incorporating the effect of variable damping that changes with

the response acceleration of each material point at every moment in time

The analysis results demonstrated an increase in displacements , and
base shear forces when using variable damping compared to constant

damping .

This increase was relatively consistent across different story heights ,

ranging on average from 31% at 10% intensity to 17% at 120% intensity
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sl E=5% | S | S")I5%
A 3150

10% | 0.008466 | 0.011713 1.384
20% |0.016931 | 0.022408 1.323
30% |0.025395 | 0.032784 1.291
50% |0.042328 | 0.052659 1.244
100% | 0.084654 | 0.099879 1.18
120% | 0.101585| 0.11844 1.166
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AAVA A LIGHN ol die sy Gl UL gaclal) ekl 358 ad ¢ (2)0saa)

: (KN) 8aalg

Bﬁj\ E — 50/ 124 124 / 0
3050 =5% | §(u") |S(u")5%
10% | 60.978 | 84.365 1.384
20% [121.948 |161.403| 1.324
30% |[182.919|236.137| 1.291
50% |304.879|379.294 | 1.244
100% | 609.749 | 719.413 1.18
120% | 731.7 |853.107| 1.166
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(m)

dtﬂ” Story | §=5% | &) | &W")I5%

2nd 0.024111 | 0.033742 1.399
10% 18t 0.012437 | 0.017404 1.399

Base 0 0

2nd 0.048204 | 0.065229 1.353
20% 18t 0.024864 | 0.033645 1.353

Base 0 0

2nd 0.072268 | 0.095699 1.324
30% 18t 0.037277 | 0.049361 1.324

Base 0 0

2nd 0.120489 | 0.153893 1.277
50% 18t 0.062151 | 0.079379 1.277

Base 0 0

2nd 0.240982 | 0.29311 1.216
100% 1st 0.124303 | 0.151197 1.216

Base 0 0

2nd 0.289172 | 0.346739 1.199
120% 1st 0.149161 | 0.17886 1.199

Base 0 0
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Banlyy Adtidal LY clad de cpiiley U gae Gl (el 58 b : (4) Jsaal

:(KN)
sadl) f = 5% 1" /59
oy | E=5% | £ | Ews%
10% 79.0276 | 110.5831 1.399
20% 157.995 | 213.778 1.353
30% | 236.8722 | 313.6302 1.324
50% | 394.9239 | 504.3839 1.277
100% | 789.8572 | 960.7833 1.216
120% | 947.8104 | 1136.576 1.199
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- 10% 5230 xie 34% s ) 5ol A ey Cua dmsdial) 4500 caill ve
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: (M) Saalg
Bm‘ " rn
31315 story E=5% ') EW'")I5%
3rd 0.043786 | 0.058981 1.347
10% 2nd 0.032791 | 0.044169 1.347
1st 0.015203 | 0.020444 1.345
Base 0 0
20% 3rd 0.087683 | 0.115026 1.312
2nd 0.065665 | 0.086139 1.312
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1st 0.030444 | 0.039868 1.310

Base 0 0

3rd 0.131499 | 0.170062 1.293
30% 2nd |0.098478 | 0.127353 1.293

1st 0.045657 | 0.058941 1.291

Base 0 0

3rd 0.219004 | 0.277586 1.267
50% 2nd | 0.164009 | 0.207872 1.267

1st 0.07604 | 0.096214 1.265

Base 0 0

3rd 0.438228 | 0.539099 1.230
100% 2nd | 0.328184 | 0.403709 1.230

1st 0.152155 | 0.186875 1.228

Base 0 0

3rd 0.525851 | 0.642281 1.221
120% 2nd | 0.393804 | 0.480979 1.221

1st 0.182579 | 0.222657 1.220

Base 0 0

oaill 58 a8 dauzls 0l o o% bkie 2laS L aladiu) o (6) Jsaad) Cpy LS
el s L AN 30l Clgie ppen b Glldg ¢ 5% Al alaS Ay Al sac )
sadll ¢l ae Lays J8 Ly 34.3% a iy 10% 528 sie 50l A e

 120% pail 5250 xie 21.8% ) ol

Abaal) 5N cladd) sie Glsh B U (gaslal) (el 358 ad ¢ (6) Jgaad)

: (KN) 3aalg
sl E _ 50/ " " 0
4 3050 =07 ) | §")/5%
10% | 92.6736 |124.4699 | 1.343
20% |185.5746 | 242.6978 | 1.308
30% |2/8.3061 | 358.7939 | 1.289
50% |463.5209 | 585.7012 | 1.264
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100% | 927.4867 | 1137.645 1.227
120% | 1112.938 | 1355.548 1.218

: &) | rpe cilpall YY) o

Adlgall cihUaY) Jilad 8 5yie 2laS G aladiad o (8) 5 (7) oalsandl b il el
Ll CVEY) 8 e paaly JSE 5 5% 400 L il e Y Gilsh al e
AN Gl sae el UYL Alie Jal UG (Sl ¢ sac @l i) (o4

¢ LY 2l 2yl ae Ly J8 Agllall R salpl) das o (7)) Jsaadl o
- 120% 3250 2ie 9% A (adasiy 10% 3280 vie 22% M 3350 ad caaly Cus

sl 8 lelin) Baadl cum ¢ ailiia JS it aclil) Gl 558 o elasd (8) Jsaad) Wl
AU 55 5L e (mid 5aL A o V) ¢ e 2elA% A Hladiud die
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: (M) Saalg
Bm‘ 0, 14} 2 0)
31315 story §=5% EW") | EWHI5%
4th 0.03372 | 0.040718| 1.208
3rd |0.027984 | 0.033772 | 1.207
10% 2nd |0.019341|0.023411| 1.210
1st | 0.008052 | 0.00982 1.220
Base 0 0
4th | 0.067248 | 0.079453 | 1.181
20% 3rd 0.055805 | 0.065899 1.181
2nd | 0.038579|0.045681 | 1.184
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1st 0.016068 | 0.019158 1.192

Base 0 0

4th 0.100937 | 0.115969 1.149

3rd 0.083762 | 0.096162 1.148
30% 2nd 0.057903 | 0.06673 1.152

1st 0.024114 | 0.028035 1.163

Base 0 0

4th 0.168186 | 0.187991 1.118

3rd 0.139567 | 0.155859 1.117
50% 2nd 0.096482 | 0.108231 1.122

1st 0.040183 | 0.045521 1.133

Base 0 0

4th 0.33622 | 0.362393 1.078

3rd 0.279008 | 0.300392 1.077
100% 2nd 0.192883 | 0.20878 1.082

1st 0.080336 | 0.087935 1.095

Base 0 0

4th 0.403435 | 0.430026 1.066

3rd 0.334784 | 0.356416 1.065
120% 2nd 0.231444 | 0.247833 1.071

1st 0.096398 | 0.104458 1.084

Base 0 0

Aabaa) AEHY cladl se glsh gl UL gaclal) Lall) 568 ad : (8) Jand

: (KN) aalg

sadl) = 5% 17 AY )
3050 §=5% $(u™) $(u")5%
10% 62.064 | 76.1945 1.228
20% |123.8768 | 148.6064 1.200
30% |185.9002 | 217.6726 1.171
50% | 309.7828 | 353.6391 1.142
100% |619.3673 | 683.646 1.104
120% | 743.2026 | 812.4279 1.093

114




4 larall g Aiaall dpuigl) a glad) Abeles
gl Gladdai

pd ) ) o e

2025 ple 8 aaal) 47 alaall

Oo syl Al YY) a8 o 3ymie aldd L pladiul 86 (9) sl
sl ) el 2lal) (e sl OV ENY) 0 G Ll DA e 1 . 3ilgka A
Lapd Jiys ¢ dmall JRY die 5S) o6& V@) e el adladll il of cutil)
o S Bl alaea 5ol A (0sS5c 10% Al sad xie . AN 50 0L as
sadll die Ll VY 8 550 saly) ) o el aelaall o) ) el s < 40%

- i) aalanll J5F 1550 ey Lea < 29% ) Josil (médss dpil) Gla ¢ 120% Alal)

AAkaal) BHY skl die alsh A e U Aalicd) cEDY) ad 1 (9) Jaaad)

1 Gleh A (pa CilpallUaY) o

: (M) Saalg
Bm‘ r r
3313 story §=5% EW) | EWNI5%
6th 0.052464 | 0.077837 1.484
5th 0.04644 | 0.069199 1.490
4th 0.038171 | 0.056702 1.485
10% 3rd 0.028187 | 0.041207 1.462
2nd 0.01674 | 0.024009 1.434
1st 0.005847 | 0.008278 1.416
Base 0 0
6th 0.104919 | 0.15497 1.477
5th 0.092872 | 0.137867 1.484
4th 0.076336 | 0.112914 1.479
20% 3rd 0.056371 | 0.081839 1.452
2nd 0.033478 | 0.047536 1.420
1st 0.011694 | 0.016355 1.399
Base 0 0
6th 0.157348 | 0.228236 1.451
5th 0.139282 | 0.203062 1.458
30% 4th 0.114482 | 0.166302 1.453
3rd 0.084538 | 0.120497 1.425
2nd 0.050205 | 0.069973 1.394
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1st 0.017537 | 0.024072 1.373
Base 0 0
6th 0.262161 | 0.372112 1.419
5th 0.23206 | 0.331109 1.427
4th 0.190742 | 0.271149 1.422
50% 3rd 0.140851 | 0.196367 1.394
2nd 0.083649 | 0.113977 1.363
1st 0.029219 | 0.039199 1.342
Base 0 0
6th 0.524123 | 0.717616 1.369
5th 0.463937 | 0.638574 1.376
4th 0.381337 | 0.522923 1.371
100% 3rd 0.281607 | 0.378617 1.344
2nd 0.167251 | 0.219736 1.314
1st 0.058425 | 0.075575 1.294
Base 0 0
6th 0.628939 | 0.85308 1.356
5th 0.556717 | 0.759088 1.364
4th 0.457598 | 0.621631 1.358
120% 3rd 0.337923 | 0.450146 1.332
2nd 0.200698 | 0.261304 1.302
1st 0.070108 | 0.089887 1.282
Base 0 0

Jsaadl Cam

Alasin) of Jaadl Cum ¢ gaelill ail) 58 e el sl sb (10)
CAG 2alal A aladtuly 45)lie gac ) Gadll 8 3ds ale 30k I (gat uatall el

AANaal 50N cladl) v (Gilgh Adu e JUBU sl (bl 358 b :(10) Jgaal)

: (KN) aalg
sadl) 0 17 AY )
3050 §=5% $(u") $(u")I5%
10% 79.9503 | 111.5093 1.395
20% |159.9044 | 219.7488 1.374
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g galall Clasles aR | ) ad 4 2025 ale 8 aal) 47 alyal)
30% | 239.7801 | 323.3776 1.349
50% | 399.5384 | 526.48 1.318
100% | 798.9166 | 1015.258 1.271
120% | 958.6821 | 1207.77 1.260

b Ailade @ Al olaV) it jelay Gk A e WY) O Jsll ki Bas Les
550 30l ge Ly Jiyg Al SV 8 el dalasll il Moy 0 (AN cllay)
O Galshall aae cld @hUaY Ajlie Jdeb 2l L85 elld aag ¢ a3l

: ok daud e cilpall Y

A cladll 5l cas Glsha G e S Agl YN a8 (11) dsaall muasy
3Ly Jsanll P (e peday o patiall aalasl) aladnil e Al 3ab51 ladag ¢ Adbidl)
Cingl Cum ¢ piie ) Culd aalaS Al o) gas AN 58N 8015 ae Aggillall NG a8
sadll xie Jo¥) Gulall 3 24.9% (pn culilly il aeliall e eV 8 sall A

- 120% 522 xie Gl (et 3 17% ) Josil Ly Cuailiig «10% dmiaial)

LA cladl) die Glsh dand (e JUDM dpalicd) eI a8 @ (11) Jgaall

: (M) 3aals; AALaa

uf‘j;‘ story | £§=5% | &) | &@W)/5%
oth |0.133324[0.159551 | 1.197
8th |0.124035|0.147999 | 1.193
7th  [0.110301]0.131357 | 1.191
6th | 0.094564 | 0.112916 | 1.194

-~ 5th | 0.076214 | 0.0918 1.205
4th | 0.058325]0.071032| 1.218
3rd | 0.040488[0.049824 | 1.231
2nd | 0.022651 | 0.028113 | 1.241
1st | 0.00737 |0.009206 | 1.249
Base 0 0

20% oth |0.267682 | 0.317659 | 1.187
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8th 0.249041 | 0.294803 1.184
7th 0.22147 | 0.26173 1.182
6th 0.189866 | 0.22489 1.184
5th 0.153006 | 0.182584 1.193
4th 0.117074 | 0.141032 1.205
3rd 0.081258 | 0.098754 1.215
2nd 0.045451 | 0.055636 1.224
1st 0.014787 | 0.018195 1.230
Base 0 0
9th 0.401699 | 0.474729 1.182
8th 0.373728 | 0.440722 1.179
7th 0.332354 | 0.391363 1.178
6th 0.284925 | 0.336173 1.180
30% 5th 0.229607 | 0.272666 1.188
4th 0.175682 | 0.210351 1.197
3rd 0.121932 | 0.147115 1.207
2nd 0.068201 | 0.082796 1.214
1st 0.022188 | 0.027056 1.219
Base 0 0
9th 0.670424 | 0.784922 1.171
8th 0.623751 | 0.728962 1.169
7th 0.554703 | 0.647464 1.167
6th 0.475536 | 0.555976 1.169
50% 5th 0.383193 | 0.450482 1.176
4th 0.29318 | 0.347063 1.184
3rd 0.203468 | 0.24241 1.191
2nd 0.113799 | 0.136272 1.197
1st 0.037021 | 0.044492 1.202
Base 0 0
9th 1.341392 | 1.546832 1.153
8th 1.248015 | 1.437212 1.152
100% 7th 1.109865 | 1.276898 1.150
6th 0.951461 | 1.096017 1.152
5th 0.76669 | 0.886879 1.157
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Ay janal s oginall Lpntigl slal) Aluades aan Ay Al
@agalad) el o A )Y ad 4 2025 ale 8 aal) 47 alyal)

4th 0.586582 | 0.682108 1.163

3rd 0.407082 | 0.475639 1.168

2nd 0.227675 | 0.267011 1.173

1st 0.074066 | 0.087086 1.176

Base 0 0

9th 1.609665 | 1.848849 1.149

8th 1.497613 | 1.717944 1.147

7th 1.331832 | 1.526381 1.146

6th 1.141749 | 1.310077 1.147
120% 5th 0.920025 | 1.059885 1.152

4th 0.703896 | 0.814957 1.158

3rd 0.488496 | 0.568132 1.163

2nd 0.273209 | 0.318865 1.167

1st 0.088879 | 0.103981 1.170

Base 0 0

e Laadlis . ddliad) ALY ol sie HUDT gac il adl) 58 a8 (12) Jsand) ela
O gl Ay gac Bl Gl 5 3 aly ) g el aeladl) alasia) of Jsaall
120% 3230 xie 17.5% ) Ly (midsiy ¢ 120% 323 xie 26%

AN il s Glsh daud e U gae Gl (all) 58 b : (12) Jgaal

: (KN) 3aalg; ditiaal

sl

) 3050 §=5% s $(u")I5%
10% 131.513 | 166.1573 1.263
20% | 263.7735 | 327.6129 1.242
30% | 395.7749 | 486.3919 1.229
50% | 660.2661 | 798.5052 1.209
100% | 1320.917 | 1559.882 1.181
120% | 1585.094 | 1861.927 1.175

il Lde U e calipall JUsN) o
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Lisiuy) cida

Ll CNENY) a8 (13) Jsaall sy 5 Gl e W e Clsall HUaY) duh
A2l sl o Gald) Jsaall DA (e Jaadl L Aabiad) 50 culadll sie dadaeY)
2alad A aladiuly il e aVEN) 8 300) ey paitie 2R3 e 0 Alaiu) Cala
Cuznidily ¢ 10% 520 2ie 30% o 5aY) Gildall 35030 ds Can gl G ¢ 5% A

. 120% s2i)) 2 18.9% A Juail

LIEHY cladl vie Wk jde U o HUaS dpalic) cIY) ad 1 (13) Jgaad)

: (M) 5aalsy Adlidal)

utﬂn story | £=5% | &) | &W")5%
12th |0.116763]0.151742| 1.300
11th |0.110585 | 0.143591 | 1.298
10th | 0.102166 | 0.132476 | 1.297
oth |0.091865 | 0.119023 | 1.296
8th | 0.080867 | 0.104915 | 1.297
7th | 0.07002 [0.091138| 1.302

10% 6th | 0.059149 | 0.077295 | 1.307
5th | 0.047957 | 0.062892 | 1.311
Ath ] 0.036559 | 0.048045 | 1.314
3rd | 0.025039 | 0.03292 | 1.315
2nd | 0.013872[0.018229 | 1.314
1st |0.004387 | 0.005762 | 1.313
Base 0 0
12th | 0.234316|0.297531| 1.270
11th |0.221924|0.281671| 1.269
10th |0.205031]0.259991 | 1.268

p— oth |0.184357|0.233614 | 1.267
8th |0.162283]0.205817 | 1.268
7th | 0.140511[0.178611| 1.271
6th |0.118691 | 0.151277 | 1.275
5th | 0.096224 | 0.122892 | 1.277
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4th 0.073345 | 0.093733 1.278
3rd 0.050226 | 0.064139 1.277
2nd 0.02782 | 0.035477 1.275
1st 0.008797 | 0.011204 1.274
Base 0 0
12th | 0.351792 | 0.439082 1.248
11th | 0.333191 | 0.415757 1.248
10th | 0.307829 | 0.383855 1.247
9th 0.276788 | 0.34495 1.246
8th 0.243646 | 0.303826 1.247
7th 0.210957 | 0.263511 1.249
30% 6th 0.178196 | 0.223019 1.252
5th 0.144462 | 0.181037 1.253
4th 0.110109 | 0.138 1.253
3rd 0.075397 | 0.094395 1.252
2nd 0.041759 | 0.052201 1.250
1st 0.013204 | 0.016483 1.248
Base 0 0
12th | 0.584008 | 0.719183 1.231
11th |0.553102 | 0.68115 1.232
10th |0.510982 | 0.629078 1.231
9th 0.459456 | 0.565386 1.231
8th 0.40446 | 0.497822 1.231
7th 0.350225 | 0.43146 1.232
50% 6th 0.295871 | 0.36483 1.233
5th 0.239899 | 0.295869 1.233
4th 0.182889 | 0.225344 1.232
3rd 0.125262 | 0.154045 1.230
2nd 0.069394 | 0.085151 1.227
1st 0.021946 | 0.026879 1.225
Base 0 0
12th 1.16759 | 1.400316 1.199
11th | 1.105795 | 1.326397 1.199
100% 10th |1.021584 | 1.225171 1.199
9th 0.918571 | 1.101204 1.199
8th 0.808622 | 0.96947 1.199
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7th 0.700195 | 0.839954 1.200
6th 0.59153 | 0.709943 1.200
5th 0.479632 | 0.575517 1.200
4th 0.365656 | 0.438199 1.198
3rd 0.250445 | 0.299502 1.196
2nd | 0.138747 | 0.165539 1.193
1st 0.04388 | 0.05225 1.191
Base 0 0
12th | 1.401357 | 1.666017 1.189
11th |1.327193 | 1.578079 1.189
10th |1.226123 | 1.457681 1.189
9th 1.102484 | 1.310221 1.188
8th 0.97052 | 1.15346 1.188
7th 0.840382 | 0.999301 1.189
120% 6th 0.709959 | 0.844569 1.190
5th 0.575656 | 0.684626 1.189
4th 0.438858 | 0.521287 1.188
3rd 0.300579 | 0.356321 1.185
2nd | 0.166519 | 0.196967 1.183
1st 0.052663 | 0.062177 1.181
Base 0 0

aanll) adl:\)]\ 4.\.;.».\ Cucaddl) dua ¢ Lﬁj‘;lﬂ\ uasj\ }S}ﬁ e:\sj M_)\SA (14) djdﬂ\ @Aﬁ LA.\:LI
- 120% 3280 vie 17.5% s 10% 323l xie 31% (e uiiall aladl) aladind o

LIB5Y cladl) sie Wilhjpde U o JUD gaslil) (all) 38 a1 (14) Jgaall

: (KN) 8aalg; ditiaal

3ol

3150 §=5% s@") | §I5%
10% 95.7791 | 125.5636 | 1.311
20% [191.9695 | 243.724 1.270
30% |288.1104 | 358.4539 | 1.244
50% |479.1129 1584.1143| 1.219
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100% |958.0082 | 1135.25 1.185
120% | 1149.733 | 1351.305 1.175

sl de dad e cilgal) GURY) o

(15) Jsaall (mpmy o ¢ il jie dused (e Cilall U Ay 3 (B Ll dsliie IS0
o ially il el e Ayl e Adbiad) clag) vie U Aahll CYERY) o8

55l die Lap¥ (adlin cVEY) a8 8 5ol A o Giladl Jpand) DA e Jaadls
Ko laa ¢ e Gualdl) Gulal) xie 4.7% s J¥) @l vie 13% o 10% 23030

oaliail ae Bl A b all Jaadls L . Gaalshall gl e il sl il il
- 120% 528 xie J¥) @l 3 10% () 5ol A ciliay s 305050 530

LINY cladl vie Wl jde dwad (e JUDU dsalicd) N EDY) 28 0 (15) Jsaad)

: (M) asls; Adlidal)

u\jﬁn story | §=5% | &) |&w")I5%
15th | 0.100166 | 0.104834 | 1.047
14th [0.095468 | 0.09968 | 1.044
13th | 0.08962 [ 0.093451| 1.043
12th | 0.082842[0.086342 | 1.042
11th |0.075704 | 0.078887 | 1.042
10th | 0.068692 | 0.071684 | 1.044
10% oth [0.061677[0.064579 | 1.047
8th | 0.05442 [0.057235| 1.052
7th [ 0.046967 | 0.049622 | 1.057
6th [ 0.039399 [ 0.041842 | 1.062
5th | 0.031822 [ 0.034067 | 1.071
4th  ]0.024102 | 0.026119| 1.084
3rd | 0.016307 | 0.017934 | 1.100
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2nd 0.008802 | 0.009828 1.117
1st 0.002698 | 0.003052 1.131
Base 0 0
15th | 0.189798 | 0.207972 1.096
14th |0.180742 | 0.197766 1.094
13th | 0.169558 | 0.185397 1.093
12th | 0.156709 | 0.171295 1.093
11th |0.143234 | 0.15652 1.093
10th |0.130044 | 0.142226 1.094
9th 0.116878 | 0.128109 1.096
20% 8th 0.10327 |0.113518 1.099
7th 0.089293 | 0.098411 1.102
6th 0.075093 | 0.082986 1.105
5th 0.060862 | 0.067562 1.110
4th 0.046295 | 0.051767 1.118
3rd 0.03146 | 0.035498 1.128
2nd 0.01705 | 0.01942 1.139
1st 0.005242 | 0.006021 1.149
Base 0 0
15th |0.283212 | 0.312552 1.104
14th | 0.269673 | 0.29729 1.102
13th | 0.252968 | 0.278735 1.102
12th | 0.233792 | 0.257547 1.102
11th |0.213694 | 0.235339 1.101
10th |0.194028 | 0.213813 1.102
9th 0.174404 | 0.19252 1.104
30% 8th 0.154123 | 0.170512 1.106
7th 0.133292 | 0.14775 1.108
6th 0.112125 | 0.124525 1.111
5th 0.090908 | 0.101296 1.114
4th 0.069181 | 0.077519 1.121
3rd 0.047033 | 0.053079 1.129
2nd 0.0255 | 0.028996 1.137
1st 0.007842 | 0.008978 1.145
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Base 0 0
15th | 0.472527 | 0.515952 1.092
14th | 0.449948 | 0.490847 1.091
13th |0.422084 | 0.460275 1.090
12th | 0.390091 | 0.425336 1.090
11th | 0.356556 | 0.388682 1.090
10th | 0.323737 | 0.353077 1.091
9th 0.290984 | 0.317795 1.092
50% 8th 0.257137 | 0.281324 1.094
7th 0.22237 | 0.243657 1.096
6th 0.187046 | 0.205277 1.097
5th 0.151639 | 0.166906 1.101
4th 0.115387 | 0.127643 1.106
3rd 0.07844 | 0.08733 1.113
2nd 0.042524 | 0.047666 1.121
1st 0.013077 | 0.014747 1.128
Base 0 0
15th | 0.941663 | 1.018647 1.082
14th | 0.896611 | 0.969329 1.081
13th |0.841044 | 0.90915 1.081
12th | 0.777282 | 0.840293 1.081
11th |0.710471 | 0.767938 1.081
10th | 0.645105 | 0.697427 1.081
9th 0.579884 | 0.627389 1.082
100% 8th 0.512487 | 0.554983 1.083
7th 0.443256 | 0.480337 1.084
6th 0.372912 | 0.404431 1.085
5th 0.302397 | 0.328615 1.087
4th 0.230172 | 0.251092 1.091
3rd 0.156517 | 0.171614 1.096
2nd 0.084874 | 0.093568 1.102
1st 0.026106 | 0.02892 1.108
Base 0 0
15th |1.128759 | 1.217709 1.079
120% 14th | 1.074737 | 1.158831 1.078
13th |1.008117 | 1.086961 1.078
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12th | 0.931685 | 1.004692 1.078
11th | 0.851606 | 0.918194 1.078
10th |0.773265 | 0.83383 1.078
9th 0.695101 | 0.749983 1.079
8th 0.614331 | 0.663296 1.080
7th 0.531363 | 0.573965 1.080
6th 0.447059 | 0.483173 1.081
5th 0.362549 | 0.392522 1.083
4th 0.275981 | 0.299864 1.087
3rd 0.187685 | 0.20491 1.092
2nd 0.101783 | 0.1117 1.097
1st 0.031309 | 0.034519 1.103
Base 0 0

saill G ae Wil e ded o U aclill (il 358 o8 (16) Jsaadl Gy
11.8% a 17.6% (e (asds 32 A o Galadl Jaall A e Jaadlsy . a3l
- 120% s 10% e 50 3250 50l ae

LIELY cladl sie Wb jde dwad (e JUDU (g20 @Y (all) 558 a8 : (16) Jsaad)

: (KN) 3aal; ditiaal)

|

SRR §=5% ) | E")5%
10% | 80.3117 | 94.4229 1.176
20% | 157.446 |185.3745| 1.177
30% |235.7438 2754018 | 1.168
50% |393.0469 | 451.3087 | 1.148
100% | 785.1062 | 882.3935| 1.124
120% |941.7489 | 1052.679| 1.118

b LS il Gt (e Banle DU e
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4 larall g Aiaall dpuigl) a glad) Abeles uaaa drala dlaa
@agalad) el o A )Y ad 4 2025 ale 8 aal) 47 alyal)

SESKWEACRPOC RO RPN PR PG S I A R KA g U |
eV Ay sl al ae A3l ¢ gac ) Gl (g8 NG ad 8505 E(u')
&= 5% Al aelas A (a8l e daitiall At Glhl e

S 05 il aelanll Ll o iy Lee ¢ ABIY 5080 5255 e Lagys @ydll 1a il
Ayl VI 8 LT ¢ Bagane Aladl) pe L) 0688 e Al BV b Lagung
- owaal) aelaall B e J Lee Slasall s JadSU) Sl maay

oy OSEJS S5 (4 T e Gkl axe) g lapY) AL A of Baadl -2
. 10% 528l xie 38.4% ) il 558 850030 dast iy s alal) Ao

die 17.6% U sall) s cilias Gum ¢ Lagys Y1 138 (it ¢ 3alshal) dae 5005 aa
Ol Galshll aae 3aL) ):ﬁta Oi L ey &y EJUQ e dled (e DU 30ll i
AU BB 5t ae 0sSs ST GO Lady ¢ L ol

o S e il il 3083 e (g3 ) (a8 Aaiis 30l ) Jgoal) padl
s Al sadlly Balghll dae

pglilly il MalAE) illay gael8l) Gall) g o @AY 1(17) Jsaad)

A1 510 s Sl e

1 2 3 4 6 9 12 | 15
10% 1.38411.399|1.343(11.228|1.395|1.263|1.311|1.176
20% 1.324 | 1.353 | 1.308 | 1.200 | 1.374 | 1.242 | 1.270 | 1.177
30% 1.291 |1.324 |1.289 | 1.171 | 1.349 | 1.229 | 1.244 | 1.168
50% 1.244 [1.277 | 1.264 | 1.142 | 1.318 | 1.209 | 1.219 | 1.148
100% 1.180 | 1.216 | 1.227 | 1.104 | 1.271 | 1.181 | 1.185 | 1.124
120% 1.166 | 1.199 | 1.218 | 1.093 | 1.260 | 1.175 | 1.175 | 1.118
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4 larall g Aiaall dpuigl) a glad) Abeles uaaa drala dlaa
@agalad) el o A )Y ad 4 2025 ale 8 aal) 47 alyal)

gl () Lyguia Gaaall BN Jacl] Apalae ) 50all (g Jayss Apaly) Ale £ )@
il 2elal) oy Apaganail adl) 8 52l laie Jiay Al M Jalaalls Gy dp3lal)
s Al Alaleally ALY 538 Caiagiy culil
m = —3.7773(U, /9)* + 3.4389(U, /9)* — 1.2147(U, / 9)
+ 0.3455 ... [1]
& alae) o Cumy 21K 2las Lo e Jpeand) S ALl 20 Pla (e by
dalaia 5yl 2ala3 Lausi alaie by Julaill o5 Jla 8 eSlial) pa yliie el Jamy Cogas ol
Al gl
§eqg = 0.05x (1 —m) ...[2]

Al b 3l i) SURY) Jidas 5 AL 38 alasiu) 2K (e s Cangs
. 0.199 5 0.014g 5 0.07g AWLH ol vic [4] A, Lnayal

Gilsh By (i e lge mlusal) i) e (ssie DUl e Ble g Gagaall Y
dsaall 1/3.33 (ulie; Goludl JUaY1 sl S ¢ ((SM chilaaly 3.5m Gulshall ¢ s )
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The Eastern Ghouta Region and Determining the
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Abstract

Groundwater levels measured from long-term monitoring wells reflect the
behavior of the aquifer under different stresses resulted from recharge,
discharge, and lateral flow. In order to achieve sustainable management of
this important source, a balance must be achieved between groundwater
recharge, and discharge. Groundwater in the eastern Ghouta area of rural
Damascus is a major source of irrigation and drinking water, and it is mainly
fed by rainfall, and returned water from irrigation. Due to the limited data
available, it was necessary to find a suitable methodology for estimating
groundwater recharge.

An analytical study was carried out on the available data in Eastern Ghouta.
The study area was divided into four main sectors and the main factors
affecting groundwater recharge in each sector were identified. The results
showed the impact of these factors (represented by infiltration from rainfall
and irrigation, leakage from the Barada River bed and the irrigation canals
network from Adra treatment plant) on the flocculation of groundwater
levels

The hydrograph analysis of the wells showed that the groundwater situation
witnessed a recovery and stability phase that lasted for a period of
approximately three to four years after 2017, after which most wells
witnessed a gradual decrease in water levels, and some of them a sharp
decrease that may lead to the depletion of the groundwater aquifer unless
the necessary measures are taken by the concerned authorities to regulate
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the process of random well drilling and prevent groundwater
overexploitation.

Keywords: Groundwater, groundwater recharge, Eastern Ghouta,
Barada River.
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