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TOM TAT

Tinh toan thay lec trong mot hé thdng cip nude thudng mat rt nhiéu cong strc do tinh phirc tap cia né. Nghién
ctu nay da phét trién va ang dung mo hinh tinh toan téi uvu da muc tiéu dya trén mé phong gidp qua trinh tinh
todn tw dong do tim cac thong sb ti wu. M6 hinh 1a su két hop giira thuat toan “Covariance matrix adaptation
evolution strategy - CMAES” va md hinh thuty lyc Epanet. Cac bién quyét dinh cua mé hinh bao gom duong
kinh cac doan dng, luu lwong va cot &p cua bom va muc nuéc kKhoi dau trong dai nuéc. Hai ham muc tiéu dung
sir dung trong m6 hinh 1a (1) ham chi ph| bao gdbm chi phi mua duong ong, chi ph| van hanh va (2) ham chi sb
do tin cay dam bao cung cap nudc voi cac rang bugc la cot ap yéu cau va van téc gisi han cua dong chay trong
cac doan 6ng. M6 hinh duoc ap dung cho h¢ thdng cap nuéc Truong Dai hoc Lam nghiép, day la hé thong tuy
quy md khong Ién nhung cé day du cac cong trinh chinh. Két qua giai quyet bai toan tbi wu caa mé hinh la tap
phuong an Pareto, day la cac giai phap hai hoa giira hai ham muc tiéu. Do s lwong phuong én Pareto tuong doi
I6n, nghién ciu da tién hanh phan nhom tap giai phap Pareto dya vao gié tri Silhouette téi wu va dua ra 5
phuong én dai dién. Két qua tinh toan voéi phuong 4n hai hoa nhat dol v6i ca hai ham muc tiéu cho thay hé

thdng dam bao viéc cung cap nudce du ca vé luu luong va cot ap yeu cau.
Tir kh6a: CMAES-EP, hé théng cap nwéc, md phéng, Pareto, téi wu da muc tiéu.

I. PAT VAN PE

Véi su phét trién manh mé cua Truong Pai
hoc LAm nghiép trong cac nim qua, hé thong
cap nudc duoc xay dung tir nhirng nam 1990
hién khéng con dap tng duoc nhiém vy dé ra
trong tinh hinh méi. Trong nhitng gio cao
diém, nhiéu diém lay nudc khong duoc dap
g du ca vé lugng va cot ap yéu cau, dic biét
trong khu vuc ky tlc xa cia nha truong. Ton
that Iuu lwong trong quéa trinh van hanh 16n va
phuong thirc van hanh chua thich hop dan dén
chi phi van hanh cho hé théng kha lsn. Véi
hién trang hé théng cip nudc nhu trén, viéc
thiét ké nang cap va dé xuat phuong an van
hanh hé théng cip nuéc cia Nha truong dam
bao cip nudc du ca vé lugng va cot ap vai chi
phi hop Iy thuc su tré 1én cap béch.

Phuong phép thiét ké - van hanh hé théng
cap nudc truyén thong s dung céch tiép can
“Thir va Sai”. Do phuong phap nay con nhiéu
han ché nhu khong chic chin dam bao cung
cap dugc giai phéap téi uu, mat nhiéu thoi gian
thir... nén cac nghién cau vé sau da sir dung
cach tiép can ti wu hoa. Cac md hinh tbi wu co
thé duoc chia thanh hai nhdm chinh: mé hinh
t6i wu tat dinh va md hinh tdi wu ngau nhién

(Elbeltagi et al., 2005; Phan Vinh Can, 2012).

Nhirng nim gan ddy, véi su phat trién cua
cdng nghé may tinh, md hinh téi vu dwa mod
phong d& cung cap mot céach tiép can cau tric
trong thiét ké hé thdng cap nuéc, théng qua céc
thong tin phén tich tr md phong s dua ra giai
phap hd tro quyét dinh (Grundmann et al.,
2014).

Bai bao nay tién hanh xay dung mo hinh tdi
uu da muc tiéu dua moé phong (CMAES-EP) tu
dong tinh toan cac thong sd cua hé thong cip
nudc. Mo hinh CMAES-EP 1a sy két hop gitra
thuat toan thuat toan Covariance Matrix
Adaptation Evolution Strategy - CMAES
(Hansen, 2011) va phan mém thay luc Epanet -
EP (Rosman, 2000). M& hinh duoc tng dung
cho thiét ké nang cip va van hanh téi uvu hé
thdng cap nudc Truong Dai hoc Lam nghiép.
Il. PHUONG PHAP NGHIEN CUU

- Phuong phap nghién ciru 1y thuyét va ké
thira: Nghién ciru tong quan cac phuong phap
thiét ké - van hanh ti uu hé thong cap nudec, tir
cac két qua nghién cau trudc dé xdy dung co
so 1y luan nghién ctu.

- Phuong phap nghién ctu thuc nghiém:
Diéu tra, khao sat hé thong cap nudc Trudng
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Pai hoc Lam nghiép, tim hiéu nhiing ton tai
can giai quyét, nang cap va thay thé.

- Phuong phap mé hinh hdéa: St dung mo
hinh thuy lyc Epanet 1am mé dun mo phong dé
tinh toan thay luc.

- Phuong phap chuyén gia: Tién hanh tham
van ¥ Kién cac chuyén gia trong linh vuc cap
thoat nudc va doi ngtt quan 1y hé théng cip

nudc Truong Dai hoc Lam nghiép.
I1l. KET QUA NGHIEN CUU, THAO LUAN
3.1. Xay dung mé hinh téi wu dwa md phéng
thiét ké - van hanh t6i wu hé thong cap nuéc
3.1.1. X&c ldp vin dé téi wu

Vin dé t6i wu trong thiét ké - van hanh hé
thdng cap nudc dugc Xac lap nhu trong hinh 1.

Néu véan dé

Vi du

Thiét 1ap toi wu

Cac théng sb c6 thé [
thay déi?

Puong kinh cac tuyén
ong, cong suat bom...

lyc cua hé thong?

Phuong cach do ndng >

N
— V]
Giam thiéu chi phi, [—’\
tang do tin cay... E—

hé théng?

Céc diéu kién bién cua Cot ap yéu cau tai cac ndt,
; bién van téc dong chay...

Bién quyét dinh

Ham muc tiéu
'\ 7 \

Céc rang buoc
V]

Hinh 1. C4c vén dé trong t6i wu héa thiét ké hé théng cap nwéc

3.1.2. Céu triic va nguyén ly cia mé hinh
CMAES-EP

Cau tric va nguyén ly caa md hinh duoc
xay dung nhu trén hinh 2 bao gém hai mé dun:
md dun tdi uu (CMAES) va mé dun md phong
thuy luc (Epanet) tuong tac vai nhau thong qua
mot giao dién lién két viét bang ngdn ngir
Matlab.
3.2. Xac dinh bd thong sé dau vao cho md
hinh
3.2.1. So' d6 hé théng cip nwéc trong pham vi
nghién cizu

Hé thdng cip nudc Trudng Pai hoc LAm
nghiép bao gom 3 hé théng con riéng biét: (1)
Hé théng két néi bé 300 m® cung cip nudée cho
phan 16n cac khu nha trong ki tlc x&, cac giang
duong, phong thi nhiém, khu van phong lam
viéc, khu vién sinh thai, vuon wom, cac ho gia
dinh khu Lang gi4o vién (Hé théng cip nudc
tu chay); (2) Hé théng két ndi bé 240 m® cung

cap nudc cho phan con lai trong khu vuc ki tdc
X4, cac ho dan khu vuc trung tdm truong; (3)
Hé thdng cip nudc cho cac ho can bo cdng
nhan vién khu vuc Tan Xuan, H12... Méi hé
théng c6 bom cap va cac bé chua riéng biét,
hién dang hoat dong doc lap.

Pham vi nghién cuu:

- Hé théng cip nudc trong pham vi nghién
ctru 1a hé théng tu chay bao gom bé chira tai
tram cap nuéc (s6 32), 01 bé chua tai cao trinh
66,14 m (1), 02 duong ong (32-33) dan nudc
tir tram bom 1én bé, 31 tuyén duong ong (1-
30), 30 nat (2-31) lam nhiém vu cung cip nuéc
va két ndi cac doan 6ng dan dugc thé hién nhu
hinh 3.

- Do hé théng dudng 6ng cii bang 6ng kém
theo thoi gian bi oxy hod, ri, bi an mon nén
trong nghién ciru dé xuat thay thé bang 6ng
HDPE (High-density polyethylene) do cac tinh
nang vuot troi.
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Dinh nghia cac van dé téi vu: bién quyét
dinh, ham muc tiéu va cac rang buoc
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Hinh 3. Hién trang HTCN két néi bé 300 m® trwong PHLN
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3.2.2. Xdc dinh lwu lwong co ban cho cdc nut
ldy nwéc trong hé thong

Trong s6 30 nat (ndt 2 - 31) ¢6 14 nat lay
nudc phuc vu cho khu vyc ki tic xa (KTX),
giang duong, phong thi nghiém (GB, PTN),
cac ho gia dinh lang gido vién. Luu luong co
ban cua cac ndt nay dung cho thiét ké - van
hanh HTCN 1a luu luwong binh quan gio cua
thang yéu cau nudc nhiéu nhat. Nghién cau

tién hanh thu thap sé liéu thuc té cac thang
ding nhiéu nudc nhat (tir thang 4 dén thang
10) va lay sb lieu nam 2014 — 2015 dé tinh
toan dua trén tuyén sinh cho tgi hién tai va dy
bdo twong lai. Cot 4p yéu cau tai cac nut duoc
tinh toan dya theo TCXDVN 33-2006 va chiéu
cao cac khu nha tai cac nat liy nuéc. Két qua
tinh toan duoc thé hién trong bang 1.

Béang 1. Cao dd, lwu lwgng co ban va cdt 4p yéu cu cia cac nit lay nwéc trong hé théng

Ky hiéu Cao do Luu lugng yéu Cét ap yéu cau Ghi chi
nut (m) ciu co ban (m’/h) (m)
1 66,14 Bé nugc 300 m®
7 18,52 0,38 40,52 Khu GB, PTN
10 17,56 0,38 39,56 Khu Gb, PTN
12 30,13 0,95 52,13 Xuong
14 27,89 0,95 49,89 Xuong
19 19,91 0,38 41,91 Khu GB, PTN
21 13,56 0,38 35,56 Khu Gb, PTN
22 21,52 0,38 43,52 Khu GB, PTN
23 19,36 1,64 41,36 KTX
26 14,49 1,94 36,49 KTX
27 13,27 1,73 35,27 KTX
28 15,89 1,42 37,89 KTX
29 18,00 2,10 40 Lang Giéo vién
30 18,30 0,19 40,3 KTX
31 14,25 0,49 36,25 KTX
32 Bé chira tram bom

3.3. C4c vén dé tdi vu héa thiét ké HTCN trwong PHLN

3.3.1. Tdp bién quyét dinh
3.3.1.1. Puong kinh cac tuyén ong

Bang 2. Pwong kinh va gia ban ciaa 6ng HDPE Tién Phong (http://www.nhuatienphong.vn)

STT Puwong kinh ‘ PN 20
(mm) Chiéu day (mm) Pon gia (VND/m)

1 ® 20 2,3 10000
2 ® 40 4,50 38100

3 ® 50 5,6 58900

4 ® 63 7,10 93800

5 ® 75 8,40 132800
6 ® 90 10,1 190600
7 ® 110 12,3 288600
8 ® 125 14,00 369900
9 ® 140 15,70 462600
10 ® 160 17,90 606800
11 ® 180 20,1 767200
12 ® 200 22,4 954500
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Puong kinh céc tuyén dng duoc lua chon
ngau nhién tr mot tap gia tri duong kinh
thwong mai, san xuat theo tiéu chuan chung.
Nghién cau s dung loai 6ng HDPE Tién
Phong, ¢& duong kinh éng va don gia tuong
rng thé hién trong bang 2.
3.3.1.2. Luu lwong bom va cot ap bom

Lién quan dén chi phi van hanh thi lwu
lugng bom va cot ap bom c6 y nghia quan
trong. Luu lugng va cot ap bom dugc tinh toan
phu hop dua trén co sé khoang luu Iuong la [1
- 200] m*/h va khoang cot ap [1-100] m.
3.3.1.3. Muc nueéc khei dau trong dai nuedc

Thuc té d6i véi dai nuéc HTCN truong
PHLN 1a bé chira hinh khbi hop da dugc xay
dung tir trude. DE phi hop véi md hinh
Epanet, dai nudc nay duoc tinh toan chuyén vé
dang hinh tru cd ciing chiéu cao va duong kinh
day twong Gng dé c6 cung dung tich véi dai
hinh khdi. Muc nuéc ban dau dugc chon 1a
bién quyét dinh va duoc tinh toan trong khoang
[0,05 — 3,0 m].

3.3.2. Cac ham muc tiéu

- Téi thiéu chi phi (COST):

Minimize COST = PIC + POC (1)

Trong do:

PIC: chi phi mua sim duong 6ng:

PIC = 3 (C(D,)xL,) 2
i=1

np: sb tuyén dudng ong trong hé thong;
Li: Chiéu dai doan 6ng thir i; C(D;): Chi phi
cho 1 m doan éng c6 duong kinh Dj;

POC: chi phi van hanh bom:

POC = pzp[% EC, x Pijj )

p=1 \i=1

npump: sé bom cé trong hé théng; NT:
thoi gian theo gio trong ngay; PP: cong suat
gio cua bom; EC: gia dién nang theo gio.

- T6i da chi s6 do tin cay (NRI):

Tbi wu theo ham chi phi s& cho két qua dau
ra duy nhat Ia chi phi thap nhat va do do sé& cho
ra giai phap la tap duong kinh 6ng nho nhat co

thé cho mdi doan 6ng twong tng. Néu sir dung
két qua nay dé thiét ké thi do an toan, do tin
cay cua hé théng rat thip, hé thong s& xay ra su
¢ nhu khong cap du luu lwong yéu cau, khong
du cot ap... néu co bat ky mot sy thay doi nao
trong hé théng.

Dé khic phuc nhugce diém nay, nghién cau
str dung ham muc tiéu thir 2 1a chi sé do tin cay
cua hé théng (NRI) duoc tinh toan dya trén ty
s6 gitra ning luong ton thit dé thang suc can
trong hé thdng ma van dap ung duogc luu lwong
yéu cau va nang luong ton that Ion nhat dé
thoa min ca luu lugng va cot &p yéu cau.
Ngoai ra con phan anh d¢ tin cay cua hé thong
thdng qua su hién dién cua sé cac doan 6ng
duoc két ndi vao mot nat nao day. Cong thirc xac
dinh chi s6 db tin cay dugc thé hién nhu sau:

2Cig;(H;-H )
Maximize NRI == (4)

nres nn

2Q, H, - Yo, Hy"
r=1 j=i

Trong do:

g;, Hj: luu lwong thuc té thao ra khoi nat thir
j twong &g Véi cot ap thyc té tai nat do;

H;"™9: cot ap yéu cau tai nat thi j;

Qr, Hr: luu lwong va cot &p cung cap boi dai
nudc;

C: chi s6 phan anh muc d6 tham gia két noi
vao nat nao do6 trong hé thdng, duoc xac dinh
bang cong thuc:

np;

(D)
C =i 5
" np;x maxiDi’j ) ®)

Trong d6: npj: s6 doan 6ng két néi vao nat
thtr j; Dij: duong kinh caa éng thi i két ndi vao
nat j.

3.3.3. Cac rang budc

- Cot 4p Yeu cau tai mdi nt phu thudc vao
chiéu cao toa nha va yéu cau cot ap cho thiét bi
V¢ sinh, dugc xac dinh cho trong bang 3.1.

- Van téc dong chay I6n nhéat trong mdi
doan 6ng nho hon 2,4 m/s (Walski et al, 2003).
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- Sai sb chénh léch muc nuée dau va cudi
mdi chu ky van hanh dugc chon la e = 0,2 m
(Walski et al., 2003).

Ngoai ra c6 cac tham sé sau:

- Hiéu suit bom trung binh chon 1 = 0,75;

- Phan phéi luu lugng nudc theo gio trong

ngay, dé don gian phan phdi nay chia lam 4
thoi doan nhu hinh 4, trong d6 cac gio dung
nuéc nhiéu tir 5:00 - 11:00 va 17:00 - 23:00,
cac thoi doan dung it nudc tir 11:00 - 17:00 va
tur 23:00 - 05:00 hom sau.

Pattern Editor
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Hinh 4. Phan phéi lwgng nwéc dung theo gio trong ngay

- Gia ban dién thay doi theo gio nhu trong bang 3:
Biang 3. Gia ban dién cho cac nganh san xuét (trich)

Gio dung dién

Gi4 ban dién (dong/kWh)

a) Gio binh thuong
b) Gio thip diém
¢) Gid cao diém

1.453
934
2.637

Nguon: Téng Cong v dién luc mién Bdc (http://mww.npc.com.vn/bieugiabandien.aspx)

Theo phéan phdi luu luong theo gio nhu hinh
4, tir 5:00 - 11:00 va 17:00 - 23:00 la céac gio
cao diém, tir 11:00 - 17:00 la cac gio binh
thuong va tir 23:00 - 05:00 1a gio thap diém.
3.4. Két qua tinh toan
3.4.1. Tap gidi phdp toi wu Pareto va cdc gidi
phap dac trung

Ap dung md hinh CMAES-EP cho viéc tdi
vu hoéa thiét ké nang cip - van hanh HTCN
DPHLN vdéi cac ham muc tiéu la chi phi va d6
tin cay cip nudc dudi cac diéu kien rang buoc
da cho doi voi 34 bién (31 bién duong kinh
6ng, 02 bién cho luu lwong va cot 4p bom va
01 bién cho muc nude ban dau trong dai nudc)
d4 cho ra tap gom 378 giai phéap Pareto. Lua

TAP CHI KHOA HQC VA CONG NGHE LAM NGHIEP SO 1-2018

chon ra dugc giai phap phi hop nhat tir tap nay
van con la kho khan cho ngudi ra quyét dinh.
Vi thé, tap nay cé thé duogc rit gon xudng chi
con vai dai dién nhung van dam bao tinh dai
biéu cho ca tap. Pé giai quyét van d& nay,
nghién cttu 4p dung ddng thoi 2 phuong phap:

(i) Phuong phéap phan ving dé lya chon cac
giai phap dai dién vung

Thuat toan phan vung (nhém - Clustering)
t6 chuc dir lieu theo cach nhdm vai quy tac:
mdi giai phap thuoc vung nay 1a twong dong
hon d6i so vai céc giai phap thudc vang di
lieu khac. C6 kh& nhiéu cach phan ving dir
liéu, nghién ctu st dung phuong phap “k-
means” chia toan bo dir liéu thanh k nhom
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riéng biét (Chaudhari et al., 2007). Mbi ving
dugc xac dinh bai muc tiéu caa cac giai phap
thanh vién va duogc dai dién bai giai phap trung
tam (centroid) caa ving. S& phan vang téi vu
dugc lya chon dua trén gia tri Silhouette 16n
nhat. Két qua tinh toan theo phwong phap “k-
means”, tap c&c giai phap Pareto khi ti wu
thiét ké HTCN DHLN duoc phan lam 4 ving
va mdi vung duoc dai dién bai mot giai phap
(x mau vang - Hinh 5).

ii) Phuong phap xac dinh giai phap hai hoa
cho ca hai ham muc tiéu

Giai phap nay duoc xac dinh dua trén
khoang cach ngin nhat tgi mot diém gia tuong
“Utopia-point, U(xu, Yu)), day la diém thoa
man tét nhat cac ham muyc tiéu. Khoang céch
tir mdi diém (x;, i) toi diém U duoc xac dinh
theo:

d(;uc :\/(Xi - X )2 +(yi - Yu )2
Sau d6 so sanh tat ca cac khang cach nay dé
tim ra giai phap giai phap hai hoa nhat di vai
ca 2 ham muyc tiéu (Hinh 5).

Pareto Front HTCN DHLN

T

Yung 1
Yiung 2

Yung 4

Chi phi {1000, VD)

- i w (=] = [=a] w

h Yung 3 X

©  Giai phap hai hoa nhat i x
Giai phap dai dienwung | B

T T

Chi so dotin cay
Hinh 5. Cac giai phap phan nhém theo vung (thir tw: vang 3, vung 2, vung 1, vung 4) va dai dién vung
(x mau vang); va giai phap hai hoa ca 2 ham muc tiéu (O mau dé)

* Két qud tinh todn dwong kinh cdc doan
ong tir cac gidgi phdp dai dign

Nghién cau dé xuat mot sé phuong an (PA)
duong kinh cac doan 6ng theo két qua téi uu
dai dién nhu trong bang 4. Cac PA trong bang

4 déu dam bao vé mat ky thuat, viéc lya chon
phuong 4n nao hop Iy nhat chi con phu thudc
vao nguon luc tai chinh dé quyét dinh do d6 s&
rat thuan loi cho cac nha thiét ké va quan ly.

Bang 4. Pwong kinh (mm) mét sé phwong 4n

TT PA PAl PA2 PA3 PA4 PA5
hién tai (Vung 3) (0 do) (Vung 2)  (Vung 1) (Vung 4)

1 150 110 125 160 200 200
2 150 110 125 110 160 200
3 100 50 50 75 160 160
4 100 50 50 75 125 160
5 150 90 125 160 200 200
6 150 90 125 160 200 200
7 150 50 125 160 180 180
8 100 50 50 50 50 50
9 100 40 40 40 40 40
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TT PA PAl PA2 PA3 PA4 PA5

higntsi  (Ving3)  (0dé)  (Ving2) (Vungl)  (Ving4)
10 100 40 75 50 75 50
11 50 40 40 50 75 75
12 40 40 40 40 40 40
13 50 40 40 40 50 40
14 40 40 40 40 90 40
15 40 40 40 40 50 40
16 70 40 40 40 50 50
17 40 40 40 40 40 40
18 40 40 40 40 75 40
19 40 40 50 90 90 90
20 70 40 90 90 90 90
21 50 40 40 40 90 40
22 40 40 40 50 50 50
23 70 40 40 40 40 40
24 100 40 40 40 40 40
25 40 40 40 40 40 40
26 40 40 40 40 40 40
27 70 40 40 40 40 40
28 50 40 40 40 40 40
29 40 40 40 40 40 40
30 40 40 40 40 40 40
31 40 40 40 40 40 40

Tong chi phi
(1000 VND) 229048 287620 380830 635760 872360

3.4.2. Két qua tinh todn bom va vin hanh dai
nuwdc

Ung voi mdi phuong an vé duong kinh céc
doan 6ng, md hinh s& cho ra két qua mot
duong dat tinh bom twong ung. Tinh toan véi

Curve Editor

bo duong kinh cic doan dng theo phuong an 3
(phuong an théa man nhat d6i véi ca hai ham
muc tiéu), tim duoc duong dac tinh nhu trong
hinh 6.

Curve 1D

Description

1

Curve Type

|Du0ng dac tinh bom

Equation

|PUMP

| |Head = 67.33-0.008734(Flow)"2.00

Load...

Flow Head - 20-
20

500 B55 70
= &0

&= 50

2 40

2

20+

10

0 20 a0 0 80
- Flow (CHH)

| Save.. ‘ Ok Cancel ‘

Hop |

Hinh 6. Pwong dac tinh bom trong HTCN
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Véi dudng dic tinh bom nhu hinh 6, biéu
dd lwong nudc cap boi bom va nhu cau ding
25 T T

nudéc theo gio duoc thé hién nhu trong hinh 7.

20

Luu luong (m3)

0
0 5 10

I
I | U luong yeu cau
[y luong bom cap

15 20

Thoi gian (Gio)
Hinh 7. Twong quan giita nhu ciu va lweng nuwéc cip béi bom cho PA3

Qua hinh 7 cho thay, trong nhitng gio dung
nuéc it, phin nuéc cap du thura boi bom sé
dugc chuyén 1én dai nudc va s& dugc cap lai
vao hé théng trong nhitng gio dung nudc
nhiéu. Do d6 muc nudc trong dai nudc ludn
thay d6i theo céc gio véi yéu cau dung nudc va
luong nudc cap boi bom khac nhau. Pé dat
dugc diéu nay thi muc nude ban dau trong dai
dong vai tr0 quan trong. Nhu trong hinh 8,
muc nudce ban dau trong dai xac dinh dugc ddi

v6i PA3 1a 1,4 m, myc nuéc chénh léch o dau
va cudi mdi chu ky 1 ngay dém 1a 0,07 m la
thoa man diéu kién rang budc. Qua qua trinh
duong muc nude trong dai, luong nudc trong
dai thay doi theo 4 thoi doan dung nuéc khéac
nhau, do d6 dai s& cd tac dung diéu hoa, tranh
dugc viéc phai s dung nhiéu loai bom hoic
tranh dugc viéc diéu chinh luu luong bom, 1am
don gian qua trinh van hanh bom nhung van
dat hiéu qua cao.

ﬁ Time Series Plot - Pressure for Node 1

Pressure for Node 1

==

Pressure (m)

T e et e et e e e e e e e e e P e e by e e e
o 1 2 3 -4 5§ & T &8 8 10 1F 12 13 14 15 16 ¥ 18 19 20 2f 22 23 24
Time (hours}

Hinh 8. Pwong qua trinh mwe nwéc trong dai nwéc
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Tiéu hao ning lwong trung binh cho 1m?
nude duge bom 1€n, ti€u hao nang lugng trung
binh gid, tiéu hao ning luong gid cao diém va

chi phi niang lugng trung binh ngay duoc tinh
toan nhu trong hinh 9.

[0 ]

Energy Report
Table | Chart |
Percent Average Fon-hir Average Feak. Cost
Fump Ltihization Efficiency /ma Foamatts Famatts Sday
32 100.00 75.00 0.3 3.94 428 235159.80
Total Cozt 235159.80
D'emand Charge 0.0o

Hinh 9. Chi phi ning lwgng

IV. KET LUAN

Két luan

Bang viéc sir dung nhiéu loai bién quyét
dinh (duwong kinh éng, luu luong va cot ap
bom, muc nudc ban dau trong dai nudc), md
hinh CMAES-EP nham ti wu héa thiét ké -
van hanh mét HTCN theo huéng giam thiéu
chi phi va téi da do tin cay vé kha ning cap
nuéc cho hé thong d dwgc xay dung va ap
dung thanh cong vao HTCN DHLN. M6 hinh
d4 tinh toan duoc tap bién Pareto téi vu, thoa
man ca hai ham muc tiéu dat ra.

Ung dung 2 phuong phap: (i) Phan ving
cac giai phap dat duoc theo gia tri Silhouette
I6n nhat theo phuong phap “k-means” va (ii)
tim phuong 4n hai hoa nhat doi vai ca 2 ham
muc tiéu d4 lam giam dang ké sb luwong 16n cac
giai phap Pareto xudng 5 phuong an dai dién,
do do tao diéu kién thuan loi cho nguoi thiét ké
lya chon phuwong 4n hop ly mot cach dé dang,
thuan tién.

Tuong ang VGi 5 phuong an tdi uu dé xuat,
mdi phuong an s& ¢6 mot bo duong kinh cua
cac doan 6ng va dudng dic tinh bom twong
g va muc nudc ban dau trong dai nude trudc
mbi chu Ky van hanh, day chinh 1a co s¢ dé
van hanh t6i wau HTCN.

TAP CHI KHOA HQC VA CONG NGHE LAM NGHIEP SO 1-2018

M& hinh sir dung luu lwgng bom va cot ap
bom lam bién quyét dinh do d6 rat thuan tién
cho viéc lya chon bom.

Kién nghi

Pé cong tac van hanh bom c6 hiéu qua nén
sir dung bé 300 m? tai cao trinh 66,14 nhu mot
dai diéu hoa cho hé théng va van hanh bom véi
luu lwong, cot ap nhu két qua tinh toan theo
chu ky 24 gio/ngay.
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OPTIMAL UPGRADING DESIGN AND OPERATION
FOR WATER SUPPLY SYSTEM
OF VIETNAM NATIONAL UNIVERSITY OF FORESTRY

Pham Van Tinh', Duong Manh Hung?, Hoang Ha®, Nguyen Van Quan*
1.2.3.4 vietnam National University of Forestry

SUMMARY

Hydraulic calculation for a water supply system often takes a lot of effort because of its very complexity. This
study develops and applies a new simulation-based multi-objective optimization model to help calculation
process detect automatically the optimal parameters of the system. The model is a combination of optimization
algorithm "Covariance Matrix Adaptation Evolutionary Strategy - CMAES" and hydraulic model - Epanet.
Two objective functions used in the model are (1) cost function including cost of buying the pipe, operating
cost and (2) reliability index function in order to supply sufficient water under constraints of required pressure
and velocity limitation of the flow in the pipes. The model is applied to the VNUF water supply systems which
is a small system but full of major components such as pump, elevated tank, pipes... The result achieved from
solving the optimization problem is a set of trade-off Pareto optimal solutions which are the harmonious
solutions between the objective functions. Due to the large number of Pareto solutions, they are divided into
subgroups based on the optimal Silhouette value and represented by only 5 solutions finally. With the most
harmonious solution with respect to both the objective function, the result shows that the designed water supply
system can ensure sufficient water supply in terms of volume and required pressure as well.

Keywords: CMAES-EP, multi-objective optimization, pareto, simulation, water supply system.
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