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TOM TAT

M6 hinh mé phong thuc té mang ludi cung cdp nudc da dugce tng dung rat nhiéu trong van dé
quan ly tai nguyén nudc, tir thiét ké toi uu hda dén quan ly viéc van hanh mang ludi cap nudc. Du
vay, viéc thuc hién can chinh mét mé hinh mé phéng mang lusi phu hgp véi thuc té van la mét
nhiém vu day thach thic, do ban than bén trong mang ludi cdp nudc con rat nhiéu cac bién sé
chua thé xac dinh, nhu luu lugng tiéu thu bién déi, dac tinh clia dudng 6ng, tén that va lugng nudc
chua thé kiém soat hay lugng nudc khéong doanh thu, ma dién hinh nhat [a luu lugng tai cac diém
ro ri tiém tang. Nghién cu nay trinh bay viéc xay dung va can chinh mé hinh thiy luc mang lusi
cdp nudc tai khu vuc phia Bac thanh phé HO Chi Minh, bao gém Quan Go Vap va mét phan Quan
12. Mang ludi hién cung cdp nudc cho hon 140.000 déng hé nudc va dugc kiém soét do dém luu
lugng nudc vao, ra mang ludi theo thai gian thuc. Két qua can chinh mé hinh mang ludi cap nudc
dugc danh gia la pht hop vdi thuc té van hanh vé mat luu lugng va ap luc nudce thay doéi trong
ngay tai cac diém quan st theo cac hé sé danh gia mé phong. Trén ca s& dé, nghién clu da tiép
tuc Ung dung mé hinh da can chinh @€ phan tich bai toan truy vét nguén nudc st dung dé xac
dinh viing giao thoa gitia hai ngudn nuéc cung cap cho khu vuc tir hai Nha may nudc.

Tu khoa: mo6 hinh mang ludi cdp nudc, can chinh thly luc mang ludi, vung giao thoa ngudn

nudc, ro ri, EPANET

TONG QUAN VE VAN DE NGHIEN
cuu

Mo hinh thay Iyc mang luéi cdp nuéc (MLCN) la
cong cu thiét yéu d€ ho trg cac cong ty cdp nudc trong
viéc 14p ké hoach, van hanh va bao tri hé théng phan
phdi nude. Mo hinh con gitp phén tich cac hanh vi
ctia mang ludi khi cé sy thay d6i gia 1ap tii ngudi quan
ly tac dong dén mang ludi. Tuy nhién, do nhiéu vin
délién quan dén mic d6 khong chac chin va thiéu cac
thong s6 can chinh nén viéc sti dung cdc moé hinh nay
bi han ché bai viéc hiéu chinh thich hgp cac thong s6
mo hinh 12, M6t sy can chinh dat két qua t5i uu nhit
cho mo hinh thuy luc MLCN la diéu cn thiét d€ c6
thé tiép tuc ting dung phan tich thém cac két qua hitu
ich khéc cho cong ty cdp nudc.

Viéc can chinh mot mé hinh MLCN 1a mot tién trinh
thuc hién sao cho c6 thé gidm thiéu nhat sy khac biét
gitia két qua mo6 hinh tinh todn va cac dii liéu thuc
té€ do dac tai ngoai MLCN?, théng thudng 1a cic gid
tri dp luc nudc va luu lugng trén cac tuyén Ong tai cac
diém do dugc kiém sodt. Céc gia tri € hiéu chinh thay
d6i thong thudng dé€ thyc hién mo6 phong can chinh
la luu lugng st dung tai cac nit (Demand), hé s6 ro

ri k, (Emitter), hé s6 dung nudc (Pattern)* va hé s6
t6n thit clia cAc tuyén 6ng®. Trong d6, hé s6 rd ri k.
la gid tri dugc mo phong cho céc diém ro ri tiém tang
trong MLCN, va luu lugng Q, tai m¢t diém ro ri c6 ap
luc H dugc xac dinh theo cong thiic Q.= k.. H", thong
thudng n = 0,5%7. Cong thiic nay c6 ngudn gdc xudt
phat ti dang cong thiic dong chay qua voi, trong dé
k, dai dién cho hé s6 luu lugng va cdc gid tri hing s6
khac.

Trong cdc gia tri cAn chinh nhu trinh bay, viéc cin
chinh gid tri ro ri k. phu thudc vao rit nhiéu cac yéu
t6 chua xdc dinh va d¢ phuc tap tuong tng véi ty
1¢ nudc khong doanh thu tai khu vuc®. Ty 1é nuéc
khong doanh thu cang cao thi mang luéi cang tiém
tang nhiéu vi tri r6 ri mang tinh 4n s6, viéc khoanh
vung, phan ving tich mang (District Meter Area -
DMA) sé gitip giam céc sai s6 va dat hiéu qua hon
trong viéc cAn chinh. M6t m6 hinh sau khi dat yéu
cu vé can chinh sé la nén tang cho viéc tiép tuc tGing
dung cac nghién ctiu khéc, ti bai todn van hanh mang
luéi, cai thién hoat dong cho dén céc bai todn phan
tich vé chét lugng nudc nhu tudi ctia nudc, truy vét,
suy gidm ham lugng Chlorine,...

Trich dan bai bao nay: Thong H M, Buic L V, Phong N Q, Duyén N T T. Can chinh mé hinh thay luc mang
IuGi cap nudc va xac dinh viing giao thoa giita cAc ngudn nudc trén mang lugi & phia Bac thanh phé
Hé Chi Minh. Sci. Tech. Dev. J. - Eng. Tech.; 4(3):1068-1078.
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Trong nghién ctiu nay sé ap dung thuc hién mo phong
va can chinh MLCN tai khu vic phia Bac thanh phé
Ho6 Chi Minh (TPHCM), bao gom Quén Go Vép va
mot phdn Quén 12. Mo hinh sau khi cin chinh dat
yéu cu sé dugc ting dung dé xdc dinh viing giao thoa
gitia 02 nguén nudc trong ngay tinh todn, muc dich
nhdm cai thién chdt lugng nudc tai khu viyc giao thoa
nay.

PHUONG PHAP NGHIEN CUU

M6 hinh MLCN tai khu vuc nghién ctu

MLCN dugc m6 phong la khu vuc da dugc c6 lap vé
mit thay luc va nguodn cdp, trén moét vung c6 dién tich
36,47 km?, bao g6m Quan Go Vdp (trii Phudng 1), cac
phudng Trung My Ty, Pong Hung Thuén, Tan Hung
Thuén va mot phin cic phudng Thanh Xuén, Thanh
Loc va An Phu Pong thudc Quén 12. Dic diém cia
khu vuc nay dugc cung cép nudc tit 02 ngudn nudc,
Nha mdy nuéc (NMN) Tan Hiép & hudng Tay Bac va
NMN Tht Diic 3 § huéng Pong Nam. Thém vao dé,
dic diém cao trinh dia hinh c6 sy chénh 1éch theo
hudéng diém c6 cao trinh cao nhét (+12 m) nim & gitia
Quan Go Vip so véi cao trinh cac nguén cép thay doi
ti -1 dén +5 m, nhu trinh bay trong Hinh 1.

Phuong phap thuc hién nghién ctu

Mo hinh dugc xay dung va chuyén déi ti co s& di
liéu GIS (Geographic Information System) hién htu
tai khu vyc (theo Hinh 3). Téng chiéu dai doan 6ng
(Pipe) dugc mé phongla 803,9 km véi cac kich ¢& 6ng
danh nghia tit @50 dén @600 mm, m6 phong thanh
15.587 doan 6ng. SO lugng nut (Junction) mo6 phong
la 14.642 nut, dai dién cho 141.943 dong ho nudc st
dung trong khu vic v6i 33 mo hinh st dung nudc thuc
té (Pattern demand) khéc nhau, cdc mo hinh st dung
nudéc nay dugce tdng hop phan tich va xdc dinh tu cac
diém gidm sét luu lugng tai cic DMA trong khu vuc.
Téng quan quy trinh thuc hién viéc x4y dung, cich
thtic nhép co s dit liéu, qua trinh kiém dinh va hiéu
chinh dugc trinh bay trong Hinh 2.

Mang luéi dugc cung cdp nudc tii 03 bé chia dai dién
ngudn cdp (Reservoir): (i) 01 nguodn tii NMN Tan
Hiép dan dén 07 dong hé téng cép nudc vao mang
& phia Bic & Téay Big; (ii) 02 nguén tit NMN Thu bic
3 dan dén 08 dong ho téng cdp nudc vao mang & phia
Pong & Bong Nam. Céc gia tri ap luc nudce va cac gia
tri luu lugng thuc t€ dugc sti dung d€ miéu ta cho 15
mo hinh st dung nudc thuc t€ (Pattern) ting véi 15
ngudn cip nay.

M6 hinh st dung nudc cho cac dong hd nude quy vé
cac nut trong mang luéi dugc xay dung theo phuong
phép théng ké Iuu lugng qua cic dong hé téng (15 vi
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tri) va cac dong ho DMA (12 vi tri) bén trong mang
ludi trong thoi gian nhiéu ngay va chuyén d6i thanh
dai lugng khong thit nguyén thé hién hé s6 st dung
nudc theo chu ky 15 phut. Cao trinh m6 phéng bao
g6m két hgp gitia ban d6 cao d¢ s6 (Digital Elevation
Map - DEM) tai khu vuc va d¢ sau chon 6ng thuc té
ngoai mang ludi. Ngoai ra, nham dam bao dong chay
theo diing van hanh thyc t€, mé hinh cting mé phong
83 van dong c6 lap cac tuyén 6ng mo phong theo cac
phén viing tich mang hién hiiu.

Bén canh d6, nhim phuc vu viéc cin chinh mo6 hinh
thuy luc va diéu chinh cac thong s6 moé hinh cho phu
hop véi thuc té mo6 phong, nghién ctu st dung gia
tri tiéu thu nudc thuc t€ tai cdc dong ho6 nudce trong
khu vuc va quy vé cac nut lan cén, di liéu giam sat
dugc ldy tu hé thong diéu khién gidm sat va thu thép
dii liéu (Supervisory Control And Data Acquisition —
SCADA) hién hitu bao gom 22 diém gidm st 4p luc
trén mang ludi va 12 diém gidm st ap luc valuu lugng
tai cac khu vic DMA ndm bén trong khu vyc nghién
ctiu. Viéc tinh todn mo phong thuy luc va hiéu chinh
dugc st dung thong qua phan mém EPANET, 1a phin
mém mién phi dugc st dung trong tinh todn thuy luc
mang luéi cdp nude, do Cuc Bao vé mdi trudng clia
My (US EPA) phat hanh.

KET QUA MO PHONG, NHUNG
PHAN TiCH VA THAO LUAN

K&t qua mé phong va can chinh mé hinh
M0 hinh dugc mé phong vao thoi diém théng 6/2020,
tuong ting theo 13 dii liéu tiéu thu nudc thuc té trung
binh ngay tii 141.943 dong ho nudc dua vao cac nut
lan can va dit liéu gidm sat tai khu vyc trong thoi diém
nay. Budc tinh todn thuy lucla 15 phut, tdng thoi gian
tinh toan la 24 gio.

Quaé trinh hiéu chinh mé hinh dugc kiém soat va danh
gia thyc hién béng cach stt dung cic hé s6 danh gid
va gia tri dat yéu cAu mo6 phong, bao gém: chi s6 xac
dinh R2, chi s6 hiéu qua NSE (Nash- Sutcliffe Effi-

ciency) 811

va gia tri phdn trdm sai s6 PBIAS (Percent
of Bias) 8! nhu trong Bang 1. Viéc danh gi4 dat yéu
cdu dya theo kinh nghiém thuc té st dungs'”, deéi
v6i hé s6 R? va NSE thi m6 hinh mé phong cang sét
v6i thuc t€ khi cac hé s6 nay tién dén 1; con vdéi gid tri
PBIAS thi phén trdm sai s6 cang tién vé 0 thi mé hinh
mo phong cang chinh xac.

Quid trinh thyc hién m6 phong dugc thuc hién béng
céch st dung chuong trinh tinh todn EPANET 1213 va
bd cong cu EPANET Tools !> d€ xuit két qua tinh toan
va so sanh véi gia tri quan sat. Qua trinh hiéu chinh
md hinh trong nghién ctiu nay st dung két hop gitia
viéc diéu chinh hé s6 t6n that tai cdc doan ong va diéu
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Hinh 1: Khu vuc nghién ctiu, phia Bac TPHCM
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Hinh 2: Quy trinh thuc hién mo6 phéng

chinh hé s Emitter tai cic nat. Da ¢ 177 doan Ong
dugc hiéu chinh hé s6 t6n thit cuc b, 14 nut dugc
thém cac hé s6 ro ri k, (v6i gid tri trong khoang 0 =+ 2)
nhdm mo phong cho cac diém ro ri tai cic phan viung
DMA. Véi céc két qua hiéu chinh va kiém dinh mé
hinh (trong Bang 2) thoa man céc diéu kién danh gia
dat yéu ciu nhu theo dé€ xuit, cho thdy mo hinh phu
hop dat yéu cdu mo phong so véi diéu kién van hanh
thuc t& va co thé tiép tuc ing dung cho cdc nghién ctiu
khéc tiép theo tai khu vuc.

T6ng luu lugng tiéu thu md phong 1 136.144 m> /ngay
so véi tong luu lugng thuc t€ vao mang la 138.954
m3/ngdy. Do chénh léch tai cac dong ho tdng cip
ngudn dugc trinh bay trong Hinh 4. D¢ chénh léch
gilia cac gid tri ap luc trung binh tai cac vi tri quan
sat gitta mo6 phong va thuc té dugc trinh bay trong cac
Hinh 5, 6 va 7. Hinh 8 trinh bay ap luc trén mang luéi
tai thoi diém 18h ctia ngay tinh todn. Véi cac gia tri
két qua tinh todn mo phong va kiém dinh dat dugc

nhu trong Bang 2, moé hinh thda mén céc diéu kién
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Hinh 3: M6 hinh m6 phong MLCN tai khu vuc nghién ciu
Bang 1: Cac gia tri danh gia mé hinh
Hé s6 Cong thiic Ddnh gia dat yéu cau
2
2t (24-0,)(2-0.)
R2 7 >0,7
Vet (en0.) (o2’
2
NSE 1— , 1(Qm Q:l) Eim ol Z 0’7
L, (Qm Qu)
PBIAS Rt -25% dén 25%
Trong dé:

Qui, O, : cic gid tri quan sét thi i vagid tri trung binh;
Q0i, 0, : cdc gid tri md phong thi i vagid tri trung binh;
n: s6 gia tri

Bang 2: K&t qua hiéu chinh/kiém dinh mé hinh

Thong s6 dé st dung so sanh hiéu SO lugng gid tri quan sat Két qua danh gid hiéu chinh /kiém dinh
chinh/kiém dinh

R? NSE PBIAS (%)
Ap luc tai cdc diém quan sat (mH,0) 2.232 0,91 0,89 4,32
Kiém dinh 4p luc tai cic diém quansat 292 0,93 0,90 3,02
(mH>0)
Luu lugng tai cic diém quan st (I/s) 971 0,93 0,76 -6,06
Téng luu lugng vao mang (m3/ngay) 15 0,98 0,97 -1,97

tai cdc doan 6ng ngay sau nguén cdp
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Hinh 4: So sanh téng Iuu lugng (m3/ngay) tai cac vi tri cdp ngudn vao mang IuGi gitfa thuc t& va mo hinh mo

phéng
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® Diém quan sat

M Htb md phong (mH20)
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1 T3 Khu vuc nghién clu

PHUGNG &

Hinh 5: So sanh gia tri 4p luc trung binh ngay (mH,0) gilia thuc t€ va mé phoéng tai cac vi tri hiéu chinh va kiém

dinh vé ap luc

danh gia dat yéu cu nhu trong Bang 1.

M®b phéng xac dinh vung giao thoa gitia 02
nguén nudc tai khu vuc nghién ciu

Nhu da trinh bay & trén, mét trong nhiing ddc diém
quan trong cta khu vuc nghién ctiu la nuée dugc cip
tit 02 nguén khéc nhau vao mang luéi thong qua 02
NMN. Cu théla, NMN Tan Hiép st dung ngudn nu6ec
tho tit song Sai Gon va NMN Tha Dtc 3 st dung
ngudn nude tho tit song Dong Nai. Do ngudn nudc
tho tit song Sai Gon c6 noéng do chdt rin hoa tan cao,
du da qua xti Iy nhung cong hudng véi hién tugng téc

dd dong chay clia nudc giam tai khu vic viung giao
thoa, lam gia ting kha ning ling cén ctia cdc chit rin
hoa tan c6 trong nudc. Bén canh d6, khi c6 mét lugng
chét rdn hoa tan ling cin tai mot khu vuic con sé dan
dén sy dong tu ion cao trong nudc, lam ting kha nang
truyén dan dién, ddn dén ting tdc d6 di chuyén dién
tich tu. Tu d6 lam gia ting sy an mon dién hoa cac
vat tu bdng gang va dong trén mang luéi tai khu vuc
giao thoa. Viéc xdc dinh dugc viing giao thoa gitia
02 ngudn nudc gitp cho cong ty quan ly cip nude
dia phuong c6 thé hoach dinh ké hoach stic x4 ngudn
nudc tai khu vuc, gidm lugng nudce ti dong. Diéu nay
g6p phan viia gidm thay d6i chét lugng nudc do lang
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Hinh 8: Phan b6 ap luc nudc (mH,0) tai khu vuc nghién ctiu vao gid dung nudc cao diém (18h)
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Hinh 10: Gia tri trung binh ty trong (%) st dung nguén nudc trong ving giao thoa

cdn ma con c6 thé gidm ro ri do han ché sy &n mon
dién hoa.

V6i mo6 hinh da cin chinh phu hgp véi diéu kién van
hanh thuc té nhu da trinh bay & phén trén, nghién ciu
nay tiép tuc tng dung dé tinh todn bai todn truy vét
(Trace). Bai toan dugc tinh todn trong 04 ngay va két
qua dugc 18y trong ngay thi 4 d€ gidm sai s6 do lugng
nudc luu trong 6ng. Budc thoi gian tinh todn thuy
luc truy vét 1a 15 phit tuong tu nhu khi can chinh mé
hinh. Két qua phén tich d4 khoanh vung khu vuc giao
thoa nhu dugc trinh bay trong Hinh 9, két qua tinh
toan gia tri trung binh ty trong (%) st dung ngudn
nudc trong viing giao thoa gitia cdic NMN dugc trinh

bay trong Hinh 10. Theo d6, thoi gian lic 00h-01h
la khoéang thdi gian viing giao thoa chiju anh hudng
nhiéu nhit tt NMN Tan Hiép, sau d6 gidm din dén
06h sang, lugng nudc tit NMN Tht Dic 3 didn xam
nhap khu vuc giao thoa. Dén khodang thoi gian 11h va
16h, 1an lugt lugng nudce tit NMN Tan Hiép va NMN
Tht Dtic xdm nhép ving giao thoa.

Két qua mo phong viung giao thoa kha tuong ting véi
thuc t€ quan ly ctia cdng ty cip nudc tai khu vuc. Theo
s6 liéu tit Cong ty C6 phan Cap nude Trung An, don vi
quan ly viéc cung cép nudc trong khu vic nghién ctiu
cho théy s6 lugng cudc goi phan anh tii khach hang
tai cdc Phuong 8, 9, 12, m¢t phan Phuong 14 va mét
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phéan Phuong 15, Quin Go Vép vé tinh trang nudc cd
mau va cin cao hon hin cic ving khac. 05 Phudng
ndi trén chiém ty trong hon 75% cudc goi phan dnh
vé chit lugng nudce so véi téng cong 16 Phudng trong
Quan. Bén canh d6, mang ludi tai khu vuc nay thuc
té ciing dugc cong ty Cép nudc thuc hién stc xa véi
tan sudt thudng xuyén va thdi gian stc xa ciing kéo
dai hon han céc Phudng con lai ctia Quén GO Vép.
Hinh 11 trinh bay két qua tinh toan truy vét ty 1¢ (%)
st dung nudc tit NMN Tan Hiép tai céc thoi diém 00h,
06h, 11h va 18h. Mot s6 viing tiéu thu nudc cia NMN
Tht Diic 3 (truy vét st dung ttt NMN Tan Hiép c6 gia
tri nho) nhung lai ndm siu trong viing tiéu thu nudc
ctia NMN Téan Hiép c6 nguyén nhén xudt phat tii viéc
6 14p mang ludi cac phan ving (DMA) cling nhu d4du
ndi diéu tiét ngudn nudc cung cép bé sung riéng cho
khu vuc nhu thuc t€ vin hanh.

KET LUAN

Mo hinh todn ting dung trong tinh todn thiy luc
MLCN da dugc st dung rong rai € moé phong thuc té
mang ludi vé ap luc nudce tai nit, dong chay trong 6ng
va phén tich cc bai todn vé chit lugng nudc nhu truy
vét, phan tan ndng d6 chlorine...Cac mo hinh nay da
gitip ich cho céc cong ty cdp nudce dat hiéu qua hon
vé van hanh quan Iy mang luéi ciing nhu cai thién cac
quy trinh bao tri mang ludi va ting cao cac dich vu
khach hang. Véi viéc hé thong giam sat SCADA ngay
cang phd bién hon, viéc mod phong viéc van hanh cang
mang tinh hién thuc va sat véi thuc té.

Viéc hiéu chinh m6 phong MLCN trén thuc té sé gip
mot s6 cac gid tri kho xdc dinh, dién hinh la d6 nhdm
trong 6ng va dang ké nhit 1a ty 1é nudc khong doanh
thu tai khu vuc. Ty 1é nudc khong doanh thu cang cao
thi cang khé dat két qua cin chinh phu hop.

Trong nghién ctiu nay da (ing dung mé phong MLCN
tai khu vic Quan Go Vap va mot phan Quén 12 thudc
MLCN Thanh phé H6 Chi Minh. Véi két qua hiéu
chinh da dat dugc, mo hinh mang luéi da gitp phan
tich thém cdc bai todn nang cao lién quan nhim cai
thién cac dich vu khach hang tai khu vic. M6 hinh tit
nghién ctiu nay con cé thé tiép tuc ting dung cho cac
bai todn phan tich chit lugng nuéc khac cling nhu cai
thién tinh trang van hanh mang luéi va phén tich do
tim cac vi tri nghi ng6 1o ri.

LOI CAM ON

Nghién ctiu nay dugc tai trg béi Pai hoc Qudc gia
TPHCM trong khuon khé dé tai ma s6 C2020-24-07.

DANH MUC CAC TU VIET TAT

DEM Digital Elevation Map

DMA District Meter Area

GIS Geographic Information System

MLCN Mang luéi cap nuéc

NMN Nha mady nudc

NSE Nash-Sutcliffe Efficiency

PBIAS Percent of Bias

SCADA Supervisory Control And Data Acquisition
TP.HCM Thanh ph6 H6 Chi Minh

XUNG POT LOI iCH

Nhom téc gid xin cam doan rang khong c6 bt ky xung
dot loi ich nao trong cong bé bai bao

PONG GOP CUA CAC TACGIA

Ho6 Minh Thong dua ra y tudng, thuc hién mo phong,
dong gop dién giai phuong phap thuc hién, két qua
md phong, nhiing phén tich, thao luin ctia nghién
clu, viét ban thao.

Lé Vian Duc, Nguyén Quéc Phong tham gia thu thép
va tong hop di liéu, x4y dung mo6 hinh, chay két qua
mo6 phong, tham gia xay dung cac ban dé két qua.
Nguyén Thi Thanh Duyén tham gia kiém dinh lai két
qua mo phong, tham gia x4y dung céc hinh vé, kiém
tra ciu truc ban thao.
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Calibrating water distribution network models and identifying
interference areas between water sources on the network in the
North of Ho Chi Minh City

Ho Minh Thong'"", Le Van Duc?, Nguyen Quoc Phong?, Nguyen Thi Thanh Duyen?

Bisgem
e ="
A \= ABSTRACT
: The realistic simulation model of a water distribution network has been widely applied in water
resource management, from optimization design to operation management. However, the cali-
Use your smartphone to scan this bration of the model simulation to adapt with reality is still a challenging task, because within the
QR code and download this article water distribution network, there are numerous unknown variables, such as: variant consumption
, pipeline characteristics, losses and uncontrollable or non-revenue water, especially flow at poten-
tial leak points. This study presents the simulation and calibration of the hydraulic model of the
water distribution network in the Northern area of Ho Chi Minh City, including Go Vap District and
a part of District 12. The network currently supplies water for more than 140.000 water meters and
the water flow into and out of the network in real time is controlled in the study area. The results
of the calibration of the water distribution network model are assessed to be consistent with the
actual operation in terms of flow and water pressure changes during the day at the observation
points by performance metrics. On that basis, the study continues to apply the calibrated model
to analyze the water source tracing to determine the interference area between two water sources
in the study area from two water treatment plants.
Key words: water distribution network model, hydraulic network calibration, interference areas of
water sources, leakage, EPANET
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