BAI BAO KHOA HOQC

XAY DUNG MO HINH THIET KE TO1 UU DA MUC TIEU
CHO MANG LUGI PUONG ONG CAP NUGC TUOL: AP DUNG
CHO HE THONG TUOI TRA TAN, LAM PONG
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Tom tat: Hé thong cap nudc twdi bc%ng dwong ong dang duwoc it 1teng dung ngady cang rong rdi tai cdc ving trung du va
mién nii Viét Nam nho kha nang tiét kiém nuée, dam bao chat lwong va ndng cao hiéu qua quan ly. Tuy nhién, viéc
lia chon phuwong dn thiét ké toi wu mang lroi dirong o ong nham giam chi phi dau tw nhung van ddp img yéu cau ve
dp lie va heu leong la mot thach thire can nghién ciru. Nghién cieu nay phat trién mé hinh MODIP (Multiobjective
Optimal Design of Irrigated Pipes) trén co so tich hop mo hinh thiy luc EPANET voi giai thudt tién héa da muc tiéu
NSGA-II. Phdn tich do nhay duoc tién hanh dé xdc dinh thong $0 161 wu clia giai thudt gém.' s0 qucfn thé Np = 300,
50 thé hé Ng = 700, xac sudt lai tao Pc = 0.7 va xdc sudt dot bien Pm = 0.09. M6 hinh dwoc dp dung cho hé lhéng
tuoi Tra Tdn, tinh Lam Déng. Két qud cho thd'y tdp hop cdac phuwong an Pareto 16 wu ¢6 chi phi dau te tir 14,51 dén
16,55 ty déng, sai léch dp sudt tir 5,23% dén 29,71%. Véi ciing chi phi 14,68 ty dong, phuong dn Pareto G cho sai
léch dp sudt 33,2% trong khi phiong an hién trang F' la 48,6%. Két qua chitng minh MODIP la céng cu hiéu qua

trong viéc tim kiém gidi phap thlel ké cdn bang giita chi phi va hiéu qua thiy lyc.
Tir khéa: Hé thong tudi, dudng dng, téi wu hoa, EPANET, NSGA IL

1. GIOI THIEU CHUNG

Hé théng cip nudc tudi bang duong 6ng ngay cang
duogc tng dung rong rai tai cac vung trung du va mién
nui Viét Nam nho kha ning dan nuéc hiéu qua, tan
dung cft nudc cao dé mo rong dién tich tudi, dam bao
chit luong nude trong qua trinh van chuyén, chiém it
dién tich dat, tiét kiém chi phi quan ly va van hanh,
thudn lgi trong viéc lép dat thiét bi do nudc, kha ning
thich rng cao véi didu kién dla hinh, dia chét phu’c tap
va thién tai. Trong h¢ thong cap nudc bang dudng Ong,
chi phi cho mang Iuéi truyén din va phan phdi thuong
chiém tir 30% dén 60% chi phi ciia toan hé théng. Vi
vay, viéc lya chon phuong an thiét ké toi uu mang ludi
duong dng cap nudc tudi co chi phi dau tu thap nhung
thoa mén tbi da yéu cau vé ap luc va luu luong 1a viée
can phai dugc nghién ciru.

Trén thé gi6i, nhiéu nghién ciru vé thiét ké tdi wu
mang luGi cip nudc tudi di duge tién hanh. Mot sd
nghién ctru s dung téi wu don muyc tiéu dé tim
phuong 4n thiét ké t6i wu cho mang vong va/hoic
mang nhanh.(Gajghate and Mirajkar 2021,Surco et al.
2018). So v6i tdi uu hoa don myc tiéu, phwong phap
t6i wu hoa da muc tiéu cung cép thong tin toan dién
hon cho nguoi ra quyet dinh trong viéc lya chon thiét
ké t6i uu cua mang cap nude. Cu thé, Artina et al.
(2012) da cai tién thuat toan NSGA-II (Deb et al.
2002) dé thiét ké t6i wu mang phan phdi nudc khi
dong thoi xem xét ca chi phi t6i thiéu va kiém soat ap

Nghién civu sinh, Trwong Dai hoc Thiiy lpi
2Tru’0"ng Dai hoc Thuy loi
" Tac gid lién hé: hai_ctn@tlu.edu.vn

92

sudt tai cac nit. Mot phuong phap t6i wu hoa da muc
tiéu két hop véi NSGA-III di dugc dé xuat dé thiét ké
t6i vu mang cip nudc (Huang et al. 2020). Trong cac
nghién ctru da thyc hién ¢ trén, chi mot loai vat liéu
dugc sir dung cho toan b mang cip nudc thay vi xét
dén su da dang cua vat liéu va sy dap ung yéu cau vé
ap suat duoc coi 1a rang buéc ma chua duoc coi la
ham myc tiéu. Tai Viét Nam, s6 lugng nghién ciru vé
ng dung t6i uu hoa da muyc tiéu trong thiét ké mang
ludi cap nude tudi con han ché. Dang (2022) da d¢
xudt mo hinh thiét ké tdi wu da muc tiéu cho mang
ludi cap nudc tudi dang nhanh dya trén giai thuét
NSGA 1II. Do chua tich hop giita giai thuat toi vu héa
NSGA II v6i md hinh tinh toan thiy lyc nén mo hinh
chi phu hop cho cac mang cap nudc co ciu tric va
ché d6 van hanh don gian. Dé khic phuc cac ton tai
trén, viéc phat trién mot mo hinh thiét ké tdi uvu tich
hop vira md phong chmh Xac thuy luc Vua tim kiém
1a hét strc can thiét. Mo hinh nay khong chi hd trg lua
chon kich thudc va vat liéu dng phi hop, ma con gop
phin giam thiéu chi phi, dam bao ap luc cap nudc va
tang do tin cay hé théng.

Bai bdo nay huéng dén hai muc tiéu chinh. Thir
nhét, xiy dyng md hinh thiét ké t6i wu da muc tiéu
mang luéi cip nuc twdéi MODIP théa min hai muc
tiéu: (1) toi thiéu hoa tong chi phi dau tu va quan ly
van hanh va (2) tbi thiéu hoa sai 1éch ap suat tai cac nit
tiéu thy chinh. Thr hai, 4p dung mo6 hinh vao thiét ké
t6i wu da muc tiéu cho hé théng cép nudce tudi Tra Tan
tinh LaAm Pong nham kiém chirng va danh gid higu qua
cua mo hinh.
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2. PHUONG PHAP NGHIEN CUU

2.1. Vung nghién ciu

Ho Tra Tan ndm trén dia ban xa Tra Tan, tinh LAm
DPong (Hinh 1). HO chira ¢6 nhiém vu cip nudc tudi
cho 300 ha trong tiéu va diéu. Khu tudi c¢6 dia hinh d6i
thap va thung ling hep, cao d¢ thay doi tir +111m dén
+90m. Tho nhudng chi yéu la dat xdm trén phu sa cd
nén phu hop dé trong cac loai cdy cong nghiép dai
ngay nhu cay tiéu, diéu. Luong mua hing nim dao
dong tir 1800mm dén 2500mm, trong d6 c6 90% luong
mua tip trung vao mua mua tir thing 5 dén 10, cac
thang con lai it mua nén xudt hién tinh trang kho han.
Dic diém vé dia hinh, nguén nudc, cay tréng cua khu
tudi thuan loi cho viée sir dung duong dng trong mang
ludi truyén din va phan phdi nudc. Theo d6, nudc
dugc bom tir hd Tra Tan vao mang ludi duong 6ng
g0om 4.61km 6ng chinh, 6.77km 6ng cap 1 va 1.56km
ong cap 2. Khu tudi duoc chia thanh 2 khu vuc dé ap
dung ché d6 tugi luan phién, khu vuc 1 c6 148.7ha,
khu vuc 2 ¢6 151.3ha.

((1+)™

(S aDf L1+ b)(1 + (1 + B D) 5

Trong do:

D; 1a 1a duong kinh dng ciia doan dng thir i (mm);

L; 1a chiéu dai doan 6ng thi i;

a, a 13 hé sd duge xac dinh tir phan tich hdi quy cho
mdi loai vat liéu 6ng trén co s don gia vat liéu 5ng va
chi phi lap dat;

b 1 hé s6 ké dén chi phi phu kién, b = 10%;

¢ 12 hé s ké dén chi phi dao dép, c=T% +12%;

n 14 tong s6 doan 6ng clia mang ludi duong dng;

Q; 12 Iuu lugng tinh toan cua doan dng thi i;

T; 1a thoi gian lam viéc Q; twong mg ctia doan 6ng
thir 1;

m la doi séng cta du an, m=30 nam,;

a 1a gia thanh trung binh ciia lkwh dién, lay
a = 2500 d/kwh;

B 1a hé sb ké dén kinh phi bao tri mang ludi duong
ong, thiét bi hing nam, f=1.5% +2%, lay f=1.5%.

H; 13 ton thit thiy lyc ciia doan 6ng thir i dugc tinh
theo cong thitc Hazen Williams nhu sau:
H;=10,67.L;.Q}%%/(C}®°. D}®7)

Trong do:

C; la hé s6 nham duoc xac dinh bai vat liéu 6ng cua
doan 6ng thir 1;

Céc h¢ sb khic di duoc giai thich & trén.

Ham myc tiéu thi hai 13 thoa man t6i da ap suat yéu
cau tai cac diém su dung nudc. biéu dé co nghia 1a
téng chénh 1éch giira ap suit cip (Hy,) va ap sudt yéu
cau (Hyc) tai cac diém l'?iy nuée 1a nhod nhit:

AH —Min

AH= Z?:llHlin - Hjizcl

®)

4)
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XA DN QAN

Hinh 1. Mang ludi tuyén ong tudi hé tudi
sur dung nudc hé Tra Tan

2.2. M hinh t8i wu da muc tiéu

2.2.1. Ham muc tiéu

Ham muyc tleu th nhat la tong chi phi (Cp) cho
mang ludi duong dng cap nude 1a nho nhit, trong do:

Cp, —Min

Cp =Cc+ G, (1)

Theo Hai et al. (2024), chi phi xay dung (C.) duoc
xac dinh theo cong thirc:

((14+)™-1)
1981 Ql H T ) (1+)m

2

Trong do:

HL, 13 4p sudt cap tai nat 1dy nu6e thir i (m);

Hji,C la ap Suét yéu cau tai nut léy nudce tha i (m).

2.2.2. Rang bujc

Van téc (V;) trong cac doan 6ng nam trong khoang
tr 0.3 m/s dén 3 m/s.

2.2.3. Bién quyét dinh

Puong kinh 6ng (D) 1a bién quyét dinh va dugc
xac dinh dya trén giai thuat di truyén NSGA 11 dé C,
dat gia tri nho nhit. Puong kinh ciia doan dng sau
(Di+1) luén nhé hon dudng kinh cta doan cong trude
(Dj) trén cung tuyén 6ng.

2.3. M6 hinh EPANET

M6 hinh EPANET (Lewis A. Rossman 2000) dwgc
str dung dé mo phong dién bién cua cac dic trung thiy
lyc trong cac mang dudng 6ng c6 ap voi cac thanh
phan nhu: duong Ong, nit, bom, van va cac bé chira.
EPANET c6 thé mo phong dong chiy trong tirng
dudng ong, ap suit tai tirng nit, myc nudc trong tirng
bé trén mang ludi trong tirng budc thdi gian cia qua
trinh m6 phong.

2.4. Giai thuat NSGA I1

La mot dang cua giai thudt di truyén, NSGA-II 1a
thuat toan dugc st dung rong rai va hi€u qua nhit dé
tim tap hop cac 10i giai can bang (trade — off) ctia bai
toan toi wu da muc tiéu (Deb et al. 2002). Giai thuat
NSGA-II ¢6 toc d6 tim 1oi giai tdi uu nhanh hon cac
thuat toan téi wu khéc. Ba dic trung chinh cia gidi
thuat NSGA-II la: phat trién cic tang 16p wu td, sir
dung co ché bao ton sy da dang cua 1oi giai va tap
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trung vao cac 101 giai khong vuot troi. Thong s cia
NSGA-II gdom c6 kich thudc ciia quan thé (Np), sb
luong cac thé hé (Ng), xac suit lai tao (P.) va xac suit
bién di (P,).

2.5. M6 hinh MODIP

Mb hinh MODIP dugc xdy dung theo so d6 khdi &
hinh 2, gém ndm budc chinh. Trude tién, chudn bi dit
liéu dau vao bao gém tép mang ludi EPANET, tap hop
duong kinh (bién d6i tir 32 mm dén 2000 mm) va 5
loai vat liéu 6ng (DIP (gang), GRP (cét s¢i thuy tinh),
HDPE (nhua cuong do cao), MSP (thép), PVC (nhya),
cung hé sb6 nham, sb lugng doan 6ng, sb thé hé tién hoa
t6i da, cac rang budc k¥ thuat (van tdc, ap luc) va cong
thire tinh chi phi dau tu, van hanh. Tiép theo, khoi tao
quan thé ban dau bang cach gan ngiu nhién dudng
kinh va vat liéu cho timg doan 6ng. Mdi phuong 4n
dugc danh gia thong qua md phong EPANET dé xac
dinh cac thong sb thuy lye, kiém tra rang budc va tinh
toan cac ham muc tiéu. Qué trinh t6i wu hoa theo gidi
thuat NSGA II dugc dién ra lap lai qua cac thao tac
chon loc, lai ghép, dot bién, hop nhat qu?m thé va sép
Xép khong vuot troi, Kkét hop khoang cach tich tu dé
duy tri da dang. Két qua cudi cung la tdp nghiém
Pareto t0i wu thé hién sy danh doi giita chi phi va hiéu
qua thuy luc. Chuong trinh MODIP dugc xdy dung
bang ngdn ngit Python.
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Hinh 3. Su thay doi loi gidi pareto theo (a) sw thay doi thé hé tién héa Ng va (b) sw thay doi s6 lwong quan thé

S6 thé hé anh huong dén kha niang hoi tu cia thuat
toan tién hoa. Qua quan sat Hinh 3a, khi ting tir Ng =
500 Ién N, = 700, tap nghiém Pareto m¢ rong dang ké
vé ca hai myc tiéu t6i wu va dat dugc su phan bd t6t
hon, ddc biét & cac ving bién co chi phi thap. Tuy
nhién, khi tiép tuc ting 1én N, = 800, cai thién vé bién
giai phap 1a khong ddng ké trong khi chi phi tinh toan
tang 1én 15 rét. Piéu nay chimg to thuat toan da dat
trang thai gin hoi tu & thé hé thir 700. Do d6, N, = 700
dugc dé xuat 1a gid tri hop 1y dé dam bao hiéu qua tinh
toan ma van giit dwoc chat luong giai phap.
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Quén thé 16n gitp ting tinh da dang va kha ning
bao phu khong gian nghi¢m. Khi tdng tir N, = 100 lén
N, = 200, tap nghié¢m cai thién rd rét vé do phan b.
bac biét, khi tiép tuc tdng 1én N, = 300, sy cai thién
cang ro0 nét: tdp nghiém md rong hon, xudt hién nhiéu
101 giai wu viét & ca hai myc tiéu, dong thoi phan bd
dong déu hon so véi N, = 200. Mic du N, = 400 c6 thé
tao ra thém mot vai diém moi, song loi ich bién mang
lai khong twong xtrng véi chi phi tinh toan ting thém.
Vi vay, N, = 300 duoc lya chon 14 t&i wu, can bang
gitra chat lugng va hiéu suat tinh toan.
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Hinh 4. Sy thay doi loi gidi pareto theo (a) sy thay d6i xdc sudt lai tao Pc va (b) su thay doi xdc sudt bién di Pm

Xac suat lai tao quyét dinh mirc do trao d6i thong
tin gitra cic ca thé, anh huong dén qua trinh khai pha
khong gian nghiém. Theo Hinh 4a, P, = 0.7 tao ra bién
Pareto 6n dinh va c6 chit luong tét, dong thoi han ché
su qua lan rong gy nhiéu thuong gip & cac gia tri P,
cao hon nhu 0.9. Trai lai, P, thip nhu 0.3 lai lam giam
kha niang két hop tot gitta cac giai phap. Do do, lya
chon P, = 0.7 1a hop ly dé ddm bao can bang giita khai
phé va khai thac. Bién di dong vai tro duy tri da dang di
truyén va tranh ket tai cuc tri cuc bd. Trén Hinh 4b, khi

m = 0.09, thuat toan duy tri dugc sy phan bd déng déu
clia tip nghiém ma khong gy rdi loan cau tric Pareto.
Céc gia trj thap hon (P, = 0.05) c6 xu huéng giam kha
nang tao 101 gidi moi, trong khi cac gia tri qua cao lai
lam giam tinh 6n dinh. Vi vay, P, = 0.09 14 gia tri phu
hop dé duy tri sy 6n dinh va da dang 10i giai.

3.2. Phén tich lwa chon phwong an

Phan tich hinh dang duong cong Pareto cho thdy
mbi quan hé danh d6i giita chi phi dau tu va sai léch
cOt nude, tr d6 giup xac dinh cac vung loi gidi hi¢u
qua. Poan AB thé hién hiéu qua cai thién rd rét khi chi
phi tang rat it (chi khoang 0.3%) nhung sai léch cot
nudc giam manh dén 21.61%. Day 1a giai doan ma viéc
dau tu thém cho hé¢ théng mang lai hi¢u qua rat 1on vé
mit van hanh, dac biét 1a cai thién ap luc nudce tai cac
nat quan trong. Tiép theo, doan BC tiép tuc cho th?iy
xu hudng cai thién chét lugng dich vu véi chi phi tang
vira phai; mirc gidm sai léch cot nude tir 36.67% xudng
con 32.13% cho thay ddy van la ving 151 giai c6 hi¢u
qua cao. Tuy nhién, & doan CD, lgi ich vé chat luong
giam dan khi chi phi tang nhanh hon; cu thé, chi phi
tang thém 2.37% nhung chi giam dugc 1.3% sai léch
¢t nude. Didu nay phan anh vung 191 nhuan bién giam,
can can nhic ky ludng vé hiéu qua dau tu. Pic biét,
doan DE khong con mang lai hi€u qua rd rét: sai 1éch
cOt nude chi céi thién 1.12% trong khi chi phi ting tdi
9.5%. Do d0, du tu vuot qua diém D 1a khong hiéu
qua trong bdi canh can t6i wu chi phi. So sanh véi thiét
ké hién trang F (HEC n.d.) cho thiy phuong 4n nay c6
chi phi twong duong diém G (khoang 14.68 ty VND)
nhung sai 1éch cot nudc lai cao hon déng ké (48.6% so
v6i 33.2%). Piéu nay chimg minh rang phuong an thiét
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ké hién tai khong tan dung duoc tiém ning tdi uu trong
khong gian thiét ké. Tir cac phén tich trén, c6 thé rit ra
khuyén nghi ring cac 16i giai nam trong doan BC, dic
biét 1a tai diém C (14.76 ty VND, 32.13%), 1a Iya chon
can bang hop 1y nhét giita chi phi dau tu va chat lugng
dich vu cdp nudc. Pay 1a ving 1o giai mang tinh tdi wu
Pareto manh, phu hop cho thiét ké thuc té.
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Hinh 5. Buong cong pareto gitta chi phi
va sai léch dp sudt tai cdc diém cdp meée

Bang 1 so sanh giita phuong an thiét ké hién trang
va phuong an Pareto G c6 thé nhan thdy su khéac biét rd
rét ca vé phan bd kich c& dudng kinh 13n vat ligu ong
st dung. Phuong 4n hién trang chu yéu dua vao mot
loai vat liéu duy nhat 1a HDPE, tap trung s6 lwong 6ng
16n & nhom dudng kinh nhé hon hodc bang 125 mm va
trung binh tir 251-400 mm, trong khi hoan toan khong
c6 Ong dudng kinh 16n trén 400 mm. Diéu nay gitip hé
théng don gidn trong quan 1y va thi cong nhung lai han
ché vé tinh linh hoat va kha nang tdi wu chi phi dau tu
dai han. Nguoc lai, phuong an Pareto G thé hién tinh
da dang cao khi két hop dong thoi nim loai vat ligu
(DIP, GRP, HDPE, MSP, PVC), phan b rong trong
hau hét cac nhom duong kinh. Dang chi y, s0 lugng
ong & nhom 251-400 mm dugc giam dang ké va thay
thé bang sy xuat hién cua 6ng 16n hon & nhom 401—
600 mm. Cach bd tri nay khong chi duy tri dugc uu thé
clia cac 6ng nho dé dam bao tinh kinh té, ma con bd
sung cac 6ng duong kinh 16n nhim cai thién kha ning
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diéu tiét, dap tg tSt hon cac bién dong vé nhu cau cap
nudc. Nhu vay, phuong an Pareto G cho thay su cén

! \.._,
Q -

.

JWTT
7

bang giita chi phi, do bén va tinh linh hoat van hanh
cua mang ludi.

(b) 0 R A
.

/ . ‘). ’ i, “"*J LN
N / H . .

Ghi chi:

= - r4 Nit:  »

/ GRP:
" DIP

MSP: ——
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Hinh 6. Duong kinh (a) va vdt liéu (b) cia cac doan 5ng trong phuong an pareto G

Bang 1. So sanh phuwong an pareto G va phwong an thiét ké hién trang F

, Phuong an thiét ke
Puong kinh (mm) Phuong an Pareto G hjérgl trang F
DIP GRP HDPE MSP PVC Tong HDPE
<125 14 10 7 15 19 65 66
126-250 2 4 3 2 5 16 13
251-400 3 5 1 4 1 14 28
401-600 4 3 2 2 1 12 0
4. KET LUAN 33,2%, thﬁp hon nhiéu so véi phuong an hién trang

Bai bao dd xdy dung thinh cong mo hinh thiét ké
t6i wu da muc tiéu MODIP, tich hgp mo phong thuy
lyc EPANET voi giai thuat NSGA-II, nhim tim kiém
phuong an thiét ké can bang giira chi phi dau tu va hidu
qua thiy lwc. Ung dung cho hé thong tuéi Tra Téan
(Lam Dong) cho thdy md hinh tao ra tap hop cac
phuong an Pareto c6 chi phi trong khoang 14,51-16,55
ty dong va sai léch ap luc tir 5.23% dén 29,71%. Pic
biét, voi cung mirc chi phi khoang 14,68 ty dong,
phuong an Pareto G gitip giam sai 1éch 4p luc xudng

TAI LIEU THAM KHAO

(48,6%). Cac két qua nay khang dinh MODIP 1a cong
cu hi€u qua trong viéc lua chon phuong an thiét ké
dudng 6 dng tudi vira tiét kiém chi phi, vira dam bao yéu
ciu thay lyc. M6 hinh c6 thé hd tro dang ké cho cong
tac quy hoach va quan 1y hé thong tudi bang dudng
ong tai Viét Nam. Trong tuong lai, nghién ciru c6 thé
mo rong dé xem xét thém cac muyc tiéu khac nhu tudi
tho duong 6ng, do tin cay cap nude va hidu qua kinh té
- xd hoi, nhdm hoan thién hon cong cu hd tro ra quyét
dinh trong thiét ké va van hanh hé thong tudi hién dai.
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Abstract:
DEVELOPING A MULTI- OBJECTIVE OPTIMAL DESIGN MODEL
FOR PIPED IRRIGATION SYSTEMS: APPLUCATION TO THE TRATAN
IRRIGATION SYSTEM, LAMDONG PROVINCE

Pipeline-based irrigation systems are increasingly implemented in the midland and mountainous regions of
Vietnam due to their advantages in water saving, quality assurance, and management efficiency. However,
selecting an optimal pipeline network design that minimizes investment cost while meeting hydraulic requirements
for pressure and flow remains a critical challenge. This study proposes the MODIP (Multiobjective Optimal
Design of Irrigated Pipes) framework, which integrates the EPANET hydraulic simulation model with the NSGA-
1I multi-objective evolutionary algorithm. Sensitivity analysis was conducted to determine the optimal algorithm
parameters, including population size (Np = 300), number of generations (Ng = 700), crossover probability (Pc =
0.7), and mutation probability (Pm = 0.09). The model was applied to the Tra Tan irrigation system in Lam Pong
Province, Vietnam. Results indicated that the Pareto-optimal design set achieved investment costs ranging from
14.51 to 16.55 billion VND, with pressure deviations between 5.23% and 29.71%. The most efficient investment
alternatives were concentrated in section AB. At an identical cost of 14.68 billion VND, Pareto solution G yielded
a pressure deviation of 33.2%, whereas the current design solution F exhibited 48.6%. These findings confirm
that MODIP is an effective decision-support tool for identifying irrigation pipeline designs that balance reduced
investment costs with enhanced hydraulic performance.

Keywords: Irrigation systems, pipe, optimization, EPANET, NSGA IL
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