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Abstract:

Mathematical modeling has become a critical tool for long-term water
treatment management, particularly for simulating complex biological

Copyright: Damascus processes. This study focuses on modeling and simulating a sewage
University- Syria, The treatment plant in Al- zabadani, in which sewage is treated by the extended
authors retain the copyright . )

under a CC BY- NC-SA aeration activated sludge method.

This research aims to determine the design values of the factors affecting
the biological treatment process with extended aeration of wastewater in the
Al- zabadani plant. Such as intensity of aeration and control of the amount of
excess sludge and sludge returned.

GPS-X program was used to simulate the operation of the plant and
check its performance under different operating conditions. Multiple samples
were taken from 20/1/2020 to 14/9/2021 and experiments were conducted on
them. Four scenarios were applied using the GPS-X program to improve the
operational reality of the plant, and the results showed the significant impact
of the mentioned factors This is through a clear improvement in the station’s
work in the winter, as the COD concentration decreased from (72-40) mg/I,
the BOD concentration from (20-45) mg/l, and the ammonia concentration
from (32-9 mg/l). In summer, the COD concentration decreased from (46-
39) mg/l, the BOD concentration from (15-20.5) mg/l, and the ammonia
concentration from (1-25 mg/l).

Key words: Wastewater treatment, Modelling, Simulation, GPS-X.
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Max volume 2036

Anoxic Tank (circular tank ) Depth Of water 45
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Aeration Tank ( circular tank ) Depth Of water 45
Diameter 34

. N f Tank 4

Secondary Clarifier D?;&ﬁ;? an 18

Depth Of water 3.5

z3pall Jsi o3 ATlaas z3gal) o L3 ey Cin Lz dpal
) lelily dpasanatl 3hall A0 e 253 99 50
) il il e Al ) bl o Leilia
s LS zasailly w8l g S Gl il <yl
Gl s of (i 1385 (9) a8y JSN 8 xage
Y AL ol Lalss ildas Ly la z35 o iy

< sl
(il o)) Gawad g Adlida Cily gl ¢ L&) 5.4
:adaaall

slaeall Aty 8 G glnll 3 jlenll 361 3 oSai ]
A ) sle) e any ddadindl)
) dlee 50l Jatall st 48—
(FIM) Aal) €l a8 ) 4 guinal) gall dpi—2
alaall jee -3
slaall aas Jalass cansill Jara—4

Ll dalleal 50 S pai ALl Jalsad) ais A e
prdll Slad s Cuall 13a 8 Janll Lpaa] aSis Ul

Alplas cang GPS-X gealip &y 8 7 3sail) ¢ L) amy
Aadal galin (gl & LAl daga sk Byleal) 2a

) 8 slSlad) cillee Jiandi @3 (GPS-X galin b
lasiall Adlyay GPS-Xzisai & Al il ad alasinly
s z3saill G GBS () Jsasll Bulase oa) aay
(15) Jsilh disa (e (@inlly 73 saill Blaa il

==
H =
=

.

@ Calstion
0 Vebdasn
0 kot

irurein
gisall Bulaa cighi (15) o) Joil
o alae Wl zasaill ol Bplas i zigall s
Cayall sLsal TS5 COD 5 BOD lyiigal 3-S5l oy 8
sl 138 4l (i DA (e el g dalled) sl
o Al ol ae el lgauay b Aaad) Qs o W

18 = 12



Jaally daa cdeaa

GPS-X gl aladialy Slal) dbaal Ladil) o1aY) el cilhgy s 5 L)

il g ) & cpitiall 2 (6) a8y Jgaad)

2490 m!/day 2000 m!/day

pumped flow
air flow

e JS bl dad i il sylisad) 3 3 Cam
8aa Aad JS e 25299 3ol Adaadll Jia g Jaa
) ulSy el o paall B ey lasial Ldlya
PAICTRIEOA|
(eBlsl) ga g gl Abylng) Blaall gujbas Jg¥) oyl Jiay
ciladag CMAe ady 7 igalll ad G ABiUaal) AINA el g4l
Llee JNA Cpa il o3 o Jaanl) i . anall cigeall olia
b Aaunga bplaal) day gigal) ady gl gl SLial) 8plaall
(7) 6 Jsaadl
Bl aa \gijlhag Blaall dayg 8 cilislal) a8 (7) o) Jgand

2 m*/min 10 m®min

s LB Juad gﬁ
BOD 43 44.9 45
COoD 83 F2.5 73
T55 20 19.7 19
NH2 31 32 29

after ) slaal) sy clislal) o cuylis Bad (7) ady Jsaall (s
Juad 8 dallaal) slall (actual) dsmdlshl 4l aa (calibration
L)
Juad 34 el Ll Ldaugl) Lailll 2 (actual) das o
Juad A Anaal) adlgl (golhaa 7 3gall) Ciapal Mllyg .ol
(16) JSil) b muase oo LS o lil

Jomil ) Jeaslly A8Lal) Jalgall o 3 PAS (0 (Sl
e Jiol Gig )l Gaa ddasall ¢l

b bl 3aF 23z sl Bylea Alee (e £ L) 2y
paail Sl sl Bkl a5 Al Jguad e Juad JS
sl JS Aslladl) dane dlaiud

pSaills Foaaall ¢ lsgll daaS 3Ly Gl Asalall il (s
OS) Adanal) 6 LS (e gy o Axalll slaall A8
Lala®y) 5 Bl dadll apaan g8 Sialll 1aa 8 Lilee
Glagylivs 4 Badai a5 3l s3] 36 LS s Cupay
tlaa Al il W e ol st e alaie YU elli,

oasa M Fsiamal SV S s i Y1 el
s il 138 i A (e s (air flow) dused
sl sy Lima Aad () dniall nnsY) 4SSty
Agsill pass A LIl ddee lgaa 223 g ladie Aasdll

Y Amabl) slaall LpeS 8 aSanl) ga 1 AU Sl
il slaal) Sy (return  sludge) dsedl) iasa
P aé - (pumped flow) 4 oSaill P e (WAS)
dnall) slaall 4S8 aSanl) iy i)l s s 1aa
Laalyll slanll 40aS (e oy 4ciad 3ol L Lae dcaililly
iablll 138 A ey uSallyg 2uilall slanl) duaS iy
slaad) jaes (F/M) ds b oSl Lo aibiias

Gl 138 (8 605 8,08 o (385 Gpriallll st o5 Cus
Osliad PR Adanal) 50 LS L Chinad (yriad Juadl pua
(s13) — Cauall) L) (g

;gAY (Juad Yol

Glagyliv 4 Gk o5
(6) ¢&) Jsaall (A Aaiasdll

prdll st e alaieYh

18 = 13



Jaally daa cdeaa

GPS-X gl aladialy Slal) dbaal Ladil) o1aY) el cilhgy s 5 L)

|| JPVRY RV |

oalsal A air flow dad s a3 syl 1aa
S 2mimin e Al

Sledals a50 99 5ol Liad Adasdl Jiii 5 10 m¥min
(18) iy S 3 5o LS gl

Ve

(3) il b clislall 3503 (18) o35 S
sutad) aa Aijlia Aanall 5pUS 3345 (18) JS (e aadls
40 mg/L N 72.5 mg/L e CODY dagd cuzadil) dua JsY)
MQ/L ¢ Wisa¥ly 21 mg/L Y 44.9 mg/L 3 BOD J)
g aly ol Aol s (Sayg 21 mg/L ) 32
Jatal) ¥ AsaS (e A ARl 28 (339 CasY)
aslendl Jo Uil BaLal 5al pany 3 0l )
ol L liglall gracany LSl JaLAS b Baly Nl
5(10-2) m¥min ¢ air flow J) s Lo 348
m3/min ¢ air flow J dad s die N e Jaiad
LS Aanall 35US B S and pse Baads (15-10)
(20) Jsly (19) Jsai gy

(1) sl U clishel 305 (16) oy S0
cal; BOD dad ¢f (16) S ¢ Jaadls
Mg/l s dadis 72.5 mg/l COD 4wis 44.9 mgl/l
= (after calibration) 2seal) 8 leuis wdll 2432
Al g glisad) 138 mal JUllyy  (7) ad) dsaal
il Jiad 8 dasall 43080
:‘",._"m\ g L)
2490 e pumped flow dad puis a8 gulawd) 138 B
052 99 Baal dlaaall i &5 (a9 2000 m*/day A m*/day
(17) by JSid) A Las gililh) g Lal

{

(2) satiaad) B ciliglall sl (17) aby JSil)

b dllisy CODY) dagh (b ol g i) (17) JS& (e Baads
O sasbinad) pe Al @il g i al Liga¥) dahy BOD 4a
(P
pumped flow dad a3 & AL g ((16) Al Jsid )

s lid Adaaall 213 (e sy al asg!

18 14



Jaally daa cdeaa

GPS-X gl aladialy Slal) dbaal Ladil) o1aY) el cilhgy s 5 L)

f—
§oo 2l
isiih
|
s 5y
135 l
i 3
iv -i.
£
|
.i,\»/_,_—
1 |
L/_,_,_———

. - |
(4) sliead) b clislall 5815 (21) A8, Jsdd)
BODU) da ciapaal Laa ¢l i Gkt PUA ¢a
aag kil A e <! 40mg/L A CODY 521 mg/L
Leah capualy goslaad) 138 B Juadl (0 Lgill] ciiead Wigad) ¢
pAA il ey g (22) ady JA D puage s Las 9MQ/L
e Bl dpaS ALl cal G (oS Bl Bl Ludagd Al
OnameSY) fida g Amalyl) Blasdl oS 5Ly M (e Adaiiial) 5Lasd)
S) G Je Ul Jea Laa sl dpagy
s Ldaaall Jae Criny gl Jodall ) B L giliind
Lovie dad bl g .laa Gpuilial) o and) A 0 bl gasland
b e Jud 5 ((10-2) m*min e air flow Ji s
air flow 4l ;s dic
scdaal) Juabd il
Juad (B Laea) ad Al clghild) (udi Sale) a3 Cisall Juad b
Uasall Jily Gitiall Gudld cilhga)livw 4 LAY a5 Laafy s i)
.99 5.l
Cipal) Juah JMA Aasall adly aa Lgihillang 7 3gadl) Bpslae cudl
Splaall aag S8 cliglall arb (8) ad Jyaall b adase sb LS
Lardlgl) pihl) aa Lgdijliay

t: 90 Ly 12 WO 4 #
-~ -:::: I:l«s = - —
- 4 I —
—— 99 -
10 m¥ming 4k air flow e gk (19) a8, Jsill
[3 8 ; o
l 73
[RieiE
18 |3 §
| BEE
il5g

i Tlow A 3kt o sl 3603 (20) 44, Je
10 m*/ming dgtee
T B S Gl o (20) JLally (19) JSAN e Jiad Eua
dad (b sl ) g ally G g laaadly A3jla il ial il
air O 4ad 30l dic 4l At ol auds Saug air flow
A A 2l ) by 38 585 10mMYmin Ladl s flow
O Aadil o3 (368 5L 5) 9 el Bali Aal) LSl Aplial

Agalat®) ggaa @l e

b sl
(o sl il 3 lae il ed spliandl 13 8 5
o) S sy LS il ledaly ddanall Jiiiiy (6) pd) Jsaal
(21)

18 « 15



aally Baa ¢ lesa GPS-X galiy aladialy Al daaal el o1a8) Guuadl Cil gy s ¢ La3)

(G i)

1anite

THAT v b o s MR |
THAT S R TR e |
A1 Vo CO0 B o0 |

‘ T
(oo )

(3) sbied) A cliglal) 3805 (24) 2, Jsid)

[ 7 # & !
(4) sbinad) b clislal) 3805 (25) a8, Jeil
Dbl sl

Taaall 560 oloall Wby ABLad) Caltgy i) Gunksi JMA (pa

Ja Cpand b Agalatd) J<Y)g Jadll) oIS G gy Ul o B3
Lddaaall

39mg/L 46 mMg/Low CODY dead coiaial) éua

25 mg/L s NH3;515 mg/L 4 20.5mg/L ¢ BODJ\s

a1 mg/L

Uiss aBlslly g asalll Blan o (8) 6, Jsaa

BOD 18 20.5 21
COoD 46 46 48
55 20 18.2 18
NH3 22 25 24

JEEY) 8 daiase sl S Adaad) cila e il
Jsaall b milall el a5y (25— 24~ 23 — 22) 4wl

0) &
V) g i)

PAL mw v g ey |
I
Ui ymw ot

e |

v i
S oy

(1)3.;)1.'.....1\ gé Gliglall jus)ys (22)93) Jedd

150 oo @ e o |
01 vt L 11

Y g i)

L3 _ .t

(2) sbied) A cliglall 3805 (23) a8y Jedd)

18 :« 16



Maally Las clesa GPS-X gl aladialy Slal) dbaal Ladil) o1aY) el cilhgy s 5 L)

 Cilua gl aluagilly claliiuy) .5
g Bl e Aallaall cilasal @) andilly oL@l 1  claliiia)

cilhaal) o ady B aalud AT clpiie 3l 5paal
Lgun gy b agey Loy Aalall) gl aladiad 8 i) .2
laaal) Jaddy latid
A iy (b dmals e Jsee Dl e syl
-(501100020595) Jasaill

Conn LU il sylisndl Uy aLiilly a3l Aase 31Slae

- cllaad) Al e dyyaill o3 arext (S 5 oslladl
BB Jaadl) VA e Lgip S adyg Adaaal) Jue Cpwnd -2
Goun Lgtady cliial) g9 L) oy Abadall el Gy A
Bagial) pxdll Adnaal) Jae Aol qisng Adanall Jand AL a3l
L pial) 23¢d
sl aladind AlS) oyl Auhall sia & =3
s 5 (3) o) il sl Loch 3 (4) o)
Al 58 (PIA Aaadll L) )oY pat) L Capal)
References

1. Awad, Adel, Raed Jafar, and Kinda Ali. 2019. “Modeling Banias Refinery Treatment Plant Using
the GPS-X.” Tishreen University Journal-Engineering Sciences Series, 41(6).

2. Alwardy, A., Alquzweeni, S. S., & Al-Saadi, R. J. (2021). Modelling and Simulation of Al-
muamirah Wastewater Treatment Plant by GPS-X Software. Kerbala Journal for Engineering

Science, 1(2), 113-130.

3. Cao,J., Yang, E., Xu, C., Zhang, T., Xu, R., Fu, B., ... & Luo, J. (2021). Model-based strategy for
nitrogen removal enhancement in full-scale wastewater treatment plants by GPS-X integrated with

response surface methodology. Science of The Total Environment, 769, 144851.

4. El-Hoz, M., & Gerges, N. (2018). Simulation study to improve wastewater treatment plant
operation and upgrading. In Proceeding of the International Conference on Environmental Pollution and

Remediation.

5. Henze, M., Gujer, W., Mino, T., Matsuo, T., Wentzel, M. C., Marais, G. V. R., & Van Loosdrecht,
M. C. (1999). Activated sludge model no. 2d, ASM2d. Water science and technology, 39(1), 165-182.

6. Mulas, M. (2006). Modelling and control of activated sludge processes. Universita degli Studi di
Cagliari.

7. Pereira, S. F. (2014). Modelling of a wastewater treatment plant using GPS-X (Doctoral
dissertation, Faculdade de Ciéncias e Tecnologia)..

8. Pinzén Pardo, A. L. et al. 2007. “Modelling of an Oil Refinery Wastewater Treatment Plant.”
Environmental Technology 28(11): 1273-84..

9. Rivas, A, I Irizar, and E Ayesa. 2008. “Model-Based Optimisation of Wastewater Treatment
Plants Design.” Environmental Modelling & Software 23(4): 435-50.

10. Sepulveda-Mardones, Mario, José Luis Campos, Albert Magri, and Gladys Vidal. 2019. “Moving
18 = 17



Maally Las clesa GPS-X gl aladialy Slal) dbaal Ladil) o1aY) el cilhgy s 5 L)

Forward in the Use of Aerobic Granular Sludge for Municipal Wastewater Treatment: An Overview.”
Reviews in Environmental Science and Bio/Technology 18(4): 741-69.

11. Wu, Xiaohui et al. 2016. “Simulation and Optimization of a Coking Wastewater Biological
Treatment Process by Activated Sludge Models (ASM).” Journal of Environmental Management 165:
235-42.

12, zsma sloa cdile (pase, (b amall Cipmall sl dadles cillane sy 35 LES 4l de s olye 2014 .
483 dkadlaa ” Tishreen University Journal-Engineering Sciences Series, 36(3).

13. sl i dddae Jlal s alus, 2010 “Study of the Design Effect Factors on Biological
Treatment by Extended Aeration of Hospitals Wastewater.” <Lialel/ coluw)jddl 5 Cogpandl Cupp i dzols 4las
80-167 :(32)4.

18 -~ 18



