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DPE LUA CHON PHUONG AN CAI TAO HE THONG THOAT NUGC
THANH PHO SAM SON, THANH HOA

Ping Minh Hai'

Tém tat: Cdi tao hé thong thodt niede nham dam bao cho hé thong lam viéc theo cong sudt thiét ké.
Viéc lwa chon phirong dn cdi tao thod médn nhiéu muc tiéu sé gop phan ting hiéu qua dau tw va
gidm thiéu tdc dong téi méi trwong. Bdi bdo dé xudt mot mé hinh toi wu da muc tiéu dé hea chon
phuong dan cdi tao hé thong thoat nwoc thanh pho Sam Son, Thanh Hod. Gidi thudt di truyén
NSGA-II dwoc sir dung dé tim tdp hop cac phirong an t6i wu (10i gidi Pareto) cin bang gitta 3 muc
tieu: chi phi cai tao cong nho nhdt, tuoz tho céng Iém nhat va \anh hwong t6i giao thong nho nhdt.
Két qua la cdc dwong dong mikc vé chi phi cdi tao trong moéi quan hé VOi tuoi tho céng va anh
hwong glao théng dwoc thiét lip dé hé tro viée hra chon cdc phuong an 16i wu. Ba phu’ong an can
bdng gom phwong dn A co chi phi cai tao nho nhdt (1,25 ty dong), phwong an B c6 tuéi tho cong
cao nhat (78 nam) va phwong an C co anh hwong giao thong nho nhdt (0 phirong tién/gio) da dwgc
phan tich dé co quan quan Iy ¢é co sé lra chon phirong dn tot nhdt. Viéc sir dung mo hinh 16i wu da

muc tiéu da d‘,znh’ lwong anh hwong cua cigl phi xa hoi toi chi phi cai tgo hé thong thoat nuoc.
Tiur khoa: H¢ thong thoat nudc, cai tao, to1 vu hoa, NSGA-II.

1. GIOI THIEU CHUNG

Cai tao hé thong thoat nuéc (HTTN) nham
dam bao cho hé théng lam viéc theo cong sudt
thiét ké. Mot phuong an cai tao 1a tdi wu khi
phuong 4n dé can bang dugc nhiéu muc tiéu
khac nhau nhu tiét kiém chi phi, tudi tho lau dai
va giam thiéu tac dong méi trudng. Dé nang cao
hiéu qua dau tu va tinh bén vitng cua hé théng
thoat nudc thi can st dung cac cong cu manh
tim ra cac phuong an cai tao HTTN t6i wu nham
hd tro cho cac co quan quan ly trong viéc Iya
chon phuong an thyc hién.

Trén thé gidi, viéc thiét 1ap cac bai toan tdi
wu da muc tiéu dé tim phuong 4n t6i vu cho
viéc quy hoach, thiét ké va quan Iy van hanh
hé théng thoat nudc da dugc nhiéu nha khoa
hoc thyc hién. Sy phuc tap cua bai toan cang
ting khi s6 luong cac muc tiéu ting l1én. Dé
giai bai toan tdi vu da muc tiéu, giai thuat di
truyén (Genetic Algorithm) duogc coi 1a cong
cu manh dé tim ra tap hop céc 101 giai can
bang (Pareto Solution-PS). Vi nhidu cai tién,

" Truong Pai hoc Thiy loi

giai thuat NSGA II (Nondominated sorting
genetic Agorithm) (Deb et al. 2002) da dugc
st dung dé tim PS cho céac bai toan ky thuat
khac nhau (Sharma et al. 2012) trong d6 co
bai toan tdi uu da muc tiéu trong linh wvuc
thoat nuéc (Yang and Su 2007). O Viét Nam,
Hai (2018) da sir dung giai thuat NSGA 1I dé
tim phwong an t6i wu cai tao HTTN Sam Son.
Tuy nhién, trong nghién ctru nay, tac gid moi
chi su dung 2 he‘lm muc tiéu 151 chi phi cai tao
uu véi chi 2 muc tiéu chua phan anh hét céac
chi phi xa hQ1i to1 cac phuong an cai tao HTTN
Sam Son. Vi vdy, nhitng nghién ctru tiép theo
v6i s6 ham muc tiéu nhiéu hon dé tim phuong
an toi wu cai tao HTTN thanh phé Sam Son 1a
hét strc can thiét.

Trong bai bao nay, mot mo hinh téi wu da
muc tiéu cai tao HTTN thanh phé Sam Son,
Thanh Hoa duoc thiét lap v&i 3 ham muc ti€u
gom chi phi cai tao nho nhét, tudi tho cong 16n
nhit va anh hudng giao thong nho nhét duoc
thiét 1ap. Tap hop cac phwong an cai tao t6i uu
cia md hinh dugc tim bang giai thuat NSGA 1L
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2. PHUONG PHAP NGHIEN CUU bién d6i tir 300 mm dén 600 mm. Cac cong

2.1. Ving nghién ctru va hé thong thoat nuwée  thoat nudc thai déu 1a cong bé tong cot thép.

HTTN thanh phd Sdm Son, tinh Thanh Héa Qua diéu tra, c6 18 doan cong bi hu hong (co
c¢6 dién tich phuc vu 650 ha. D6 sau chon cong  chiéu dai hu hong 16n hon 25% chiéu dai doan
clia cac tuyén cong thoat nudc thai bién d6itlr 1  cdng) trén tong sd 158 doan cong trong hé théng
m dén 5.0 m. Puong kinh cia cac tuyén céng (Bang 1).

Bang 1. Thong so ciia cac doan cong cdi tao

TT | Tendoan | ° | & | H f ol rr Ten b L | H f

M| ) | (m) | (m) | (puh) doan | (mm) | (m) | ) | (ovh)
] 23 600 | 111 | 6 | 50 | 10 | 57-58 300 | 110 | 45 50
2 4-5 600 | 190 | 5 | 39 | 11 60-61 300 | 120 | 3 14
3 8-9 400 | 160 | 4 | 100 | 12 | 70-71 500 | 140 | 45 25
4 | 11-12 | 300 [210] 3] s0 | 13 84-85 600 | 90 | 5 50
5| 2122 | 400 | 90 | 4 | 50 | 14 | 83149 | 300 | 110 | 3 60
6 | 3233 | 500 | 115| 4 | 20 | 15 | 86120 | 400 | 130 | 45 90
7 | 3435 | 400 | 95 | 4 | 40 | 16 | 88-100 | 400 | 120 | 4 50
8 | 3637 | 300 | 180 | 25| 50 | 17 | 9293 300 | 110 | 3 100
o | 47-48 | 600 | 220 | 3 | 25 | 18 | 141-142 | 300 | 140 | 35 50

D: dwong kinh ong; Lh: chiéu dai cong bi héng; H: d6 sdu chén cong; f- eu lwong giao thong
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Hinh 1. So do mang hedi hé thong thodt mede thanh phé Sam Son, tinh Thanh Héa

Bing 2. Pon gia va tudi tho ciia vt liéu cong thoat nuwéc

o ) Pon gid (1000 d)/D(mm)
No. | Vatlieu | Y (ndm) =0 250 300 350 500 700
1 BTCT 25 183 208 270 283 445 697
2 CSTT 30 167 261 414 501 855 1316
3 HDPE 50 235 313 392 523 908 1,688
4 Sanh 100 257 337 416 545 1.267 2.831

BTCT: Cong bé téng cot thép; CSTT: Cong cot soi thity tinh; HDPE: Cong HDPE; Sanh: Cong sanh; Y-
Tuéi tho cong
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2.2. M6 hinh t6i wu héa cai tao hé thong
thoat nuwéc

Muc tiéu thir nhat 1a tdi thiéu hoa tong chi
phi cai tao (CPCT) céc cbng thoat nude. Tong
CPCT (C,) phu thudc vao dudng kinh cdng, vat
liéu va phuong phap cai tao.

Min Cct
Co = Cy +Cic (1)
Cvl: E:Er_ C_'lju' (2)

Theo Yang and Su (2007), tong chi phi phuc
vu thi cong C;. phuc thudc vao phuong phap thi
cong va dugc xac dinh nhu sau:

Néu thay thé cong khong md mong thi:

Cie=hr=1(22D,, +12062) 3)

Néu thay thé cong mé mong thi
¥ ,(0,009D2 +550H% +0,9D H _ —

C, -1168H,, +1.4D,+4299) 4
Néu stra chira I6n thi
Cie=2r=4(55D,, + 15288) (%)
Néu stra chita nho thi
Cie=2r=, (60D, +5400) (6)
Trong do:
C,; : tong chi phi cua vat liéu thay thé (1000
dong);

C;: chi phi vat liéu thay thé cho doan cong
thir i (ddng) (xac dinh ¢ bang 2);

Ly chiéu dai bi hu hong ctia doan cong thir i
(d6ng) (xac dinh & bang 1);

C,: tong chi phi phuc vu thi cong cai tao cac
doan cong (1000 ddng);

D, duong kinh cua doan cong thir i (xac
dinh ¢ bang 1);

n: s6 doan cong bi hong, n=18.

Muc tiéu thir hai 13 téi da hoa tudi tho trung
binh cua cac doan cong (TTC) sau khi cai tao.
Cac cong hu hong duoc gia thiét 1a s& phuc hoi
lai tudi tho sau khi cai tao.

Max SL=-Z%; T, (7

Trong do:

SL: tudi tho trung binh ctia cac doan cdng sau
khi cdi tao (ndm);

Y:: tudi tho cua doan céng thir 7 sau khi cai
tao, phu thudc vao vat liéu thay thé cta doan
cdng (ndm) (x4c dinh ¢ bang 1).

Muc tiéu tht ba la toi thiéu héa viéc anh
hudéng té1 giao thong (AHGT) trong qua trinh

cai tao dudng 6ng. Cac phuong phap thi cong
khac nhau c6 thé giy ra viéc gian doan giao
thong khac nhau. Viéc mé moéng dé thi cong
duong 6ng trén mot doan dudng nao co thé lam
thu hep bé mit duong va vi vay anh hudng toi
cac phuong ti¢n tham gia giao thong trén doan
duong do6. Nguoc lai, thi cong cai tao duong
6ng khong mo mong sé& anh hudng it dén luu
luong phuong tién tham gia giao thong. Do do,
su gian doan giao thong duoc xac dinh bing
cong thirc sau:

Min GT="E%; a.f (8)
Trong do:
GT: la mic d0 anh huong té1 giao thong
(phuong tién/gio);

a;: 1a hé s6 ké dén mirc 46 anh hudng dén cac
phuong ti¢n tham gia giao thong trén duong khi
cai tao doan céng thtr i, a; =1 néu thi cong mo
méng va a; =0 néu thi cong ngam;

fiv 1a lvu luong tham gia giao thong trén
duong trong diéu kién binh thuong (bang 1)
(phuong ti¢n/gio).

2.3. Giai thuat di truyén NSGA-II

Giai thuat NSGA-II 1a mot dang cua giai
thuét tién hoa da muc tiéu duoc sir dung dé tim
tap hop céc 101 giai tbi uvu Pareto cho cac van dé
t6i vu da muyc tiéu. Ba dic trung chinh cia giai
thuat NSGA-II 1a: phat trién cac tang 16p wu ta,
st dung co ché bao ton su da dang cua 101 giai
va tap trung vao cac loi gidi khong vuot troi.
Cac ca thé Qua trinh thuc hién thuét toan trai
qua cac budc sau:

1. Thuat toan gen bt dau véi cac chudi duoc
ma hoa goi la chromosomes. Trong bai bao nay,
choromosomes dugc mi hoa bang sé nguyén va
mo ta 2 bién 1a vat liéu thay thé (Mi) va phuong
phép thi cong (CMi). Mi dugc ma héa la 1 dbi
v6i dng bé tong cdt thép (BTCT); 2 ddi véi dng
cbt soi thuy tinh (CSTT); 3 d6i v6i dng HDPE;
4 d6i voi dng sanh. CMi duoc ma hoéa 1a 1 khi
thay thé cong khong md mong(TCN); 2 khi thay
thé céng mé moéng (TTMM); 3 khi sira chira 16n
(SCL); 4 khi stra chita nho (SCN). Rang budc
gitta Mi va CMi duoc thé hién trong hinh 2, cu
thé 1a: néu CM; =1 hodc 2 thi 1 < Mi < 4; néu
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CMi=3 hoac 4 thi Mi=1, v6ii=1,..,18.

2. Qu?ln thé ban dau gém N c4 thé dugc tao
ra theo ludt ngiu nhién phan phdi dong nhat.
Udc tinh cac ham muc tiéu: CPCT tong cong
duogc xac dinh theo cong thuc (1); tudi tho trung
binh ctia cac doan céng cai tao duoc xac dinh
theo cong thure (7); anh hudng giao thong dugc
xac dinh theo cong thirc (8).

PHUONG PHAP CAITAO (CMi)

|1
‘2

| 3 ‘ Stra chita nho (SCN)

VAT LIEU THAY THE (Mi)

1 | Bé tong bt thép (BTCT) ‘

Thay thé cdng bang m& mong
(TTMM) 2

Ong cbt soi thiy tinh (CSTT) |

Thay thé cdng khéng mé méng 3

(TCN)

Hinh 2. So do md héa phwong phdp cdi tao
va vt liéu thay thé

Ong HDPE (HDPE) |

4 | Ong sanh (Sanh) ‘

Bé tong cdt thép (BTCT) |

| 4 I Stra chira 16n (SCL)

3. Qu?m thé hién tai gém N c4 thé s& tham gia
vao qua trinh lga chon, lai tao va dot bién cua
thuat toan gen dé sinh ra quan thé méi gdm N ca
thé. Udc tinh cic ham muc tiéu nhu da thyc
hién & budc 2. Lai ghép 1a qua trinh trao d6i mot
phan gen cta hai chudi bd me thanh hai chudi
con. Trong bai bao nay, sir dung kiéu lai ghép
hai diém.

4. T6 hop quan thé hién tai v6i N ca thé méi
tao thanh quan thé hon hop gdm 2N ca thé.

5. Tim sb luong cac ca thé vuot troi ciia moi
cé thé (Nom) trong quan thé hdn hop. C4 thé B
duogc xem la vuot trdi so véi ca thé A néu gia tri
cia mdi ham muc tiéu cia ca thé B khong toi
hon gia tri cia mdi ham muc tiéu ctia ca thé A
va ton tai it nhat mot ham muc tiéu cta ca thé B
tot hon mot ham muc tiéu clia ca thé A.

6. Cac ca thé co Ny, nho nhit duoc xép
hang 1 (Pareto front tot nhat). Cac ca thé co
Naom nho tiép theo duoc xép hang 2 (Pareto
front thtr hai). Qu4 trinh nay tiép tuc cho téi khi
moi ¢4 thé déu duogc xép hang.

7. Sap xép cac ca thé theo hang cua chung va
tim hang cua ca thé the N, dwoc ki hiéu 1a
Ndomcut-

8. Ddi véi cac ca thé co hang 1d Niomew thi

xac dinh khoang mat do (crowding distance)
ciia mdi ca thé (dai luong do mat do cua cac ca
thé khac xung quanh mot ca thé nao d6) trong
khong gian ham muc tiéu.

9. Sip xép cac ca thé trong quan thé hdn hop
theo muc d6 ting dan cia hang va giam dan cua
khoang mat do.

10. N cé thé t6t nhat dugc xéac dinh & bude
9 s& hinh thanh nén quan thé mdi cua thé hé
tiép theo.

11. Lap lai tir bude 3 dén bude 9 cho dén khi
dat t6i s6 lwong 16n nhét cac thé hé .

Khai tao que}!n thé
(N ca thé)
| Panh gia cac ham muc tiéu |

!

| Xép hang cho cic c4 thé I

Lua chon

| Pinh gid cdc ham muc tiéu |

- |
Té hop quan thé cha va quan thé
con, xép hang cac cd thé

1

Chon N ca thé tot nhét

Pa dat tiéu chuan thoat

Hinh 3. So dé khoi cua thudt todn NSGA-IT

3. KET QUA NGHIEN CUU

3.1. Tap hop cac phwong an ti uu

C6 4 loai vat lidu thay thé va 4 phu’ong phap
thi cong c6 thé ap dung cho 18 doan ong héng
nén s& co 4'®x4"® phuong 4n cai tao cong cua
HTTN Sam Son. Hinh 4 mé ta 2 dudng cong
Pareto t6i uu cho 2 trudng hop: (i) téi thiéu hoa
CPCT va t6i da hoa TTC va (ii) toi thiéu hoa
CPCT va t6i thiéu héa AHGT. Trong truong
hop nay, cac thong sb cho thuat toan NSAG-II
duoc thiét 1ap nhu sau: sb ca thé cia quan thé
ban dau Np=300; s6 thé hé Ng=900; xac suit lai
tao Pc=0,9; xac suit dot bién Pm=0,1. Két qua
cho thiy rang cac phuong an cai tao véi CPCT
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da xac dinh thi TTC sau cai tao s& 1én nhét hodc
AHGT s& nho nhat. Khi CPCT ting thi TTC s&
ting hoic AHGT sé& giam. Pé ting TTC tir 29
ndm (gia tri nho nhat) dén 81 nam (gia tri 1on
nhét) thi can phai dau tu thém 674 triéu dong.
Pé giam AHGT tir 389 phuong tién/gid dén 0
phuong tién/gio thi can sb kinh phi 1a 76 triéu.
S6 101 giai téi wu thu duge chi 1a 38 va 10
(chiém 13% va 3% sb lwong 101 giai ban dau)
chtng to viéc tim kiém phuong an t6i vu dé cai
tao hé théng thoat nude 14 rat khé khan. Muc do
anh huong ctia TTC (vat liéu cong) dén CPCT
I6n hon muc d§ anh hudng cua tac dong giao
thong dén chi phi cai tao. Khi chi xét t6i wu theo
2 muyc tiéu, CPCT hé thong thoat nudc Sam Son
bién d6i tir 1,27 ty dén 1,88 ty.
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Hinh 5. Tdp hop cdc phwong dn téi wu trong
truwong hop 3 muc tiéu

Pé ting thém co s lwa chon phuong an tdi
wu cai tao HTTN Sam Son, viée tim kiém 10i
giai tdi wu v6i 3 muc tiéu dugc thuc hién.
Hinh 5 thé hién cic phuong an téi uu duoc
trong khong gian 3 chiéu twong tng vdi 3 ham

muc ti€u la CPCT, TTC va AHGT. Kinh phi
cai tao bién doi tir 1,26 ty dén 2,29 ty, cao hon
so v&i truong hop t6i uu v6i hai ham muc tidu
(nhu trinh bay & trén). Cac phuong an dugc
thé hién trong khong gian 3 chiéu (hinh 5) tao
diéu kién thuén loi cho viéc Ira chon phuong
an cai tao HTTN Sam Son. Chang han, dé c6
phuong 4n cai tao chi anh hudng té1 230
phuong tién/gid thi néu can TTC 1a 55 nam thi
phai dau tu kinh phi 1a 1,62 ty dong va néu
can TTC 13 65 nam thi phai dau tu 1,67 ty
dong. Nhu vay, khi s ham muc tiéu ting 1én
thi CPCT hé théng thoat nudc cia cac phuong
an ti uu sé ting lén.

3.2. Anh huéng ciia cac thong so ciia méd
hinh t6i wu

Su anh hudng cta s luong thé hé (Ng) va
s6 luong cua ca thé (Np) t6i su tién hod va sd
lwong cac phuong an tdi wu (PU) duoc minh
hoa trong hinh 6. Ban dau, sb thé h¢ Ng=320;
s ca thé Np=80; xac suét lai tao Pc=0,9; xac
suat dot bién Pm=0,08.

Hinh 6a minh hoa cac phwong an gan tdi
wu (sau 50 thé hé tién hod) va phuong an tdi
wu (sau 320 thé hé tién ho4). Nhan thdy, cac
phuong 4n gan t6i wu bi vuot troi boi céc
phuong an t6i wu va c6 xu hudng tién téi cac
phuong an t6i uu sau khi thém mot sé thé hé
tién hoa (chiéu mii tén).

Hinh 6b cho thdy khi ting Ng tir 320 (gip
4 lan Np=80) dén 600 thi khong cé sy cai
thién dang ké vé cic phwong an toi wu.
Tuong tu nhu viy, khong co6 nhiéu thay doi
khi ting Np tir 300 dén 600 (hinh 6¢). Tuy
nhién, khi ting Np tir 80 dén 300 thi cac
phuong an toi wu da cai tién dang ké. Nhu
vay, khi Np va Ng du lon thi vi¢c tdng chung
khong lam ting dang ké sb lwgng cac phuong
an cai tao tdi vu HTTN Sam Son.

Khi danh gia anh huéng cua mot thong sd
nao d6 dén PU va PUG thi thong sé d6 duoc
thay doi trong khi giit nguyén cac thong s6
con lai. Anh huéng cua cac thong sé dén sd
lwong cac phuong an t6i wu PU va phuong an
t6i wu khong anh hudng dén giao thong
(PUG) duoc thé hién trong bang 3. Két qua
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cho thidy PU ting khi Ng <320 va PU sg&
khong thay doi khi Ng 1én hon 4 lan Np
(Ng>320, Np=80). PUG dat gié tri 16n (51%)
khi Ng=4Np. Khi Np >200 ting thi PU va
PUG sé& khong thay dbi nhiéu. Khi 0,85<
Pc<0,9 thi PU s€ 16n hon so voi giad tri cua
PU tuong ung v&i Pc nam trong khoang con
lai. Pc khong anh huéng nhiéu téi PUG. Khi
Pm tang thi PU va PUG giam.

o Loigiai tdi vu
O Lo gidi gan téi vy

Chi phi cai tao (10° d)

80

40 5
Tubi tho 09 el

Hinh 6. Anh hwong ciia cdc théng sé dén 1oi gidi

Bing 3. Két qua phén tich d§ nhay cac
thong so cua gidi thuat NSGA-II

Théng s6 PU! PUG>
S6 thé hé Ng
100 40 (50%)° 12(30%)*
160 73(91%) 19(26%)
240 72(90%) 10(14%)
320 80(100%) 41(51%)
400 80(100%) 27(34%)
480 80(100%) 16(20%)
600 79(99%) 27(34%)
S6 lugng ca thé Np
100 100(100%) 26(26%)
200 77(39%) 12(16%)
300 120(40%) 25(21%)
400 139(35%) 25(18%)
500 173(35%) 54(31%)
600 251(42%) 99(39%)
Xéc suét lai tao Pc
0.8 50(63%) 6(12%)
0.85 72(90%) 8(11%)
0.9 80(100%) 11(14%)
0.95 59(74%) 7(12%)
Xac sudt dot bién Pm

0.05 80(100%) 22(28%)
0.1 30(38%) 7(23%)
0.15 14(7%) 1(7%)

! Phwong an t6i wu;

2:Phirong dn t6i wu khéng tic dong giao
thong;

3: Phan tram ciia PU so véi Np;

*: Phan tram ciia PUG so véi PU;

3.3. Phan tich lya chon cic phwong an

Pé hiéu rd hon vé tip hop cac phuong an tbi
wu cin bang giita TTC va AHGT ¢ mot CPCT
xac dinh, mot mat cong 3 chiéu chira dung tap
hop cac phuong an téi vu dugc thiét 1ap. Hinh
7a cho thay c6 mot sé dinh va mot sb ving thap
ton tai trén mat cong 3 chiéu chira tdp hop cac
101 giai toi wu (mat PS). Pidu d6 chimg to ring
tap hop cac phuong an t6i wu cai tao HTTN Ia
tap hop cac 101 giai khong 16i va rat kho dé tim
ra 101 giai bang cac phuong phép truyén thong.
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Pé thuén loi cho viéc lya chon phuong an cai
tao HTTN trén co s& phan tich hi€u qua - chi
phi, mot ban dd duong dong miac CPCT HTTN
vo1 truc tung 1a mic d§ AHGT, truc hoanh la
TTC dugc thiét 1ap (hinh 7b) trén co sé mit PS
da thiét lap o trén. Khi AHGT 1a 100 (pt/gio) va
TTC 1a 68 nam thi CPCT la 1860 (triéu dong).
Khi AHGT nhoé hon 60 phuong ti€én/nam thi céac
duong ddng mirc CPCT gin song song véi truc
hoanh va thwa hon cac duong dong muc khi
AHGT 16n hon 60 phuong tién/nim. Didu dé
chung t6 rang khi TTC > 60 phuong tién/gio thi
muc do anh huong ctia nd té1 CPCT 16n hon khi
TTC< 60 phuong ti¢n/gio.
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30
A /\ 1250
T T T T ']2

0 100 200 300 400 0

Anh huéng giao théng (pt/h)

Hinh 7. Mdt Pareto 3 chiéu (PS) cho viing
nghién ciru (a) Mt phang hiéu qud - chi phi
dwoc rut ra tr mat PS

Bang 4 thé hién phuong an cai tao HTTN
Sam Son c¢6 CPCT nho nhét (phuong an A trén
hinh 7b). Phuong 4n A ¢6 CPCT la 1,25 ti dong,
tudi tho trung binh cua cdng sau cai tao 1a 27

nam va anh hudng té1 giao thong 1a 253 phuong
tién/gio. Trong phuong an A, vat licu BTCT
chiém 86,3%, mdi vat liéu con lai chiém 5,6%.
Nhitng doan céng c6 mat do tham gia giao thong
16n nhu doan 8-9 va doan 92-93 duoc ap dung
bién phép thi cong ngam; trong khi d6, nhimg
doan cbéng c6 mat do giao thong nhd dugc ap
dung bién phdp thi cong mo méng (7 doan).
Béng 4. Vat liéu va phwong phap thi cong
cuiia cac cong cdi tao rng phwong an véi
CPCT nhé nhit (diém A trén hinh 7b)

TT | Tén doan Vat li¢u Phu’(fr,lg phap
cai tao
1 2-3 BTCT SCN’
2 4-5 BTCT TCMM?
3 8-9 BTCT TCN?
4 11-12 BTCT SCN
5 21-22 HDPE TCN
6 32-33 BTCT SCN
7 34-35 BTCT SCN
8 36-37 BTCT SCN
9 47-48 BTCT TCMM
10 | 57-58 BTCT TCMM
11 | 60-61 BTCT TCMM
12 | 70-71 BTCT TCMM
13 | 84-85 BTCT SCN
14 | 83-149 BTCT TCMM
15 | 86-120 Sanh TCN
16 | 88-100 BTCT SCN
17 | 92-93 BTCT SCN
18 | 141-142 CSTT TCMM

L2 va? dwoc giai thich trong hinh 2
Béng 5. Vat liéu va phwong phap thi cong
cuia cac cong cdi tao ing voi TTC 16n nhat va
AHGT nhé nhat (diéem B trén hinh 7)

Vatli¢u | Phuong phap
TT | Téndoan | cuadiém caitao cua
B diém C
1 2-3 Sanh SCN
2 4-5 HDPE SCN
3 8-9 BTCT SCN
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Vit liéu Phuong phap
TT | Tén doan | cuadiém caitao cua
B diém C
4 11-12 Sanh SCN
5 21-22 Sanh TCN
6 32-33 Sanh SCN
7 34-35 Sanh SCN
8 36-37 Sanh scL’
9 47-48 BTCT SCN
10 57-58 Sanh SCN
11 60-61 Sanh TCN
12 70-71 BTCT SCN
13 84-85 CSTT SCN
14 83-149 HDPE TCN
15 86-120 Sanh TCN
16 88-100 Sanh SCN
17 92-93 Sanh SCN
18 141-142 Sanh SCN

* dwoc gidi thich trong hinh 2

Bang 5 mo ta vat lidu ctia phuong an c6 tudi
tho cao nhat 78 nim (diém B trén hinh 7) va
phuong an anh hudng dén giao thong thap nhat
0 phuong tién/gio (diém C trén hinh 7b). Nhén
théy, co 61,1% vat lieu sanh dugc st dung cho
phuong an B, tiép dén 1a 16,7% vat licu 1
BTCT, cac vat liéu con lai chi chiém 11,2%.

Dbi voi phuong an C, 72,2% s6 doan cong dugc

TAI LIEU THAM KHAO

cai tao bang phuong phap stra chita nho, bién
phép thi cong ngam chiém 22.2% va 5,6% sd
céng con lai duoc cai tao béng stra chira lom.

4.KET LUAN

Bai bao dé xuat mot md hinh t6i vu da muc
tiéu dé lya chon phuong an tdi uu cai tao hé
théng thoat nudc thanh phé Sam Son, Thanh
Hoa. Giai thuat di truyén NSGA-II duoc st
dung dé tim tap hop cac phwong an toi vu (101
giai Pareto) can bang giita 3 muc tiéu: chi phi
cai tao céng nho nhét, tudi tho céng 16n nhat
va anh hudng t6i giao thong nho nhat. Thong
qua phan tich anh huéng cua cac thong sd toi
s6 lrong cac phuong an ti vu va sb lwong cac
phuong an céi tao khong AHGT, bo thong s6
cua giai thuat NSGA-II duoc xac dinh. Tur do,
cac duong déng mic vé CPCT trong mdi quan
hé v6i TTC va AHGT duoc thiét 1ap dé hd tro
viéc lwa chon cac phuong an téi wu. Ba
phuong an can bang c6 CPCT nho nhat
(phuong 4n A), TTC 16n nhat (phuong 4n B)
va AHGT nho nhat (phwong 4n C) di duoc
phan tich dé co quan quan 1y co co s& lya
chon phuwong 4n t6t nhat. Viéc sit dung mo
hinh t8i wu da muc tiéu da dinh lugng céc chi
phi khong truc tiép (AHGT) trong thuc hién
cai tao HTTN.
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Abstract:
MULTI-OBJECTIVE OPTIMAL DESIGN OF SEWERAGE REHABILITATION
FOR THE SAM SON SEWERAGE SYSTEM, THANH HOA PROVINCE

The rehabilitation of a sewerage system is to maintain its initial designed capacity. Implementing
multi-objective optimal rehabilitation plans results in both increase in benefit and mitigation of
negative environmental impact.This paper proposed a multi objective optimal model to determine
the optimal rehabilitation plans of Sam Son sewerage system, Thanh Hoa province. NSGA-II was
utilized to define Pareto solution sets which were trade off solutions among three objectives
including minimum rehabilitation cost, maximum service life and minimum traffic impact. As a
result, rehabilitation cost contours in relation to service lifes and traffic disruption were established
to determine optimal rehabilitation plans.Three trade off plans including the plan A with the
minimum rehabilitation cost (12,5 billion VND), the plan B with the maximum service life (78
years) and the plan C with minimum traffic disruption (0 veheicle/hr) were analyzed in more detail
to facilitate decision makers. Using the multi objective optimal design helped to quantify social
costs of rehabilitation costs.

Keywords: Swerage systems, rehabilitation, optimization, NSGA-II.
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