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HE THONG HO TRQ VACH TUYEN DUONG ONG TO1 UU
TRONG BAO TRI VA MO RONG MANG LUGI CUNG CAP NUGC SACH
UNG DUNG HE THONG THONG TIN BIA LY(GIS)

TOM TAT

Chu Thj Hong Hai"
Trwong Dai hoc Kinh I3 qum: ddn Ha Nor

Vién d& stra chita vd m& rpng mang dudng bng cung cdp nude sach 1a nhigm vy thuémg xuyén va
6 y nghia quyét dinh déi vai viée dap ting yéu chu ngéy mdt cao ciia x4 hoi ca vé sb luong, chit
lugng véi gia thanh chap nhan duge clia céc cong ty céip nude. Bai bao trinh biy mét quy trinh
thiét ké t6i wu mang c4p nuoc cén sira chira hay mé rong trén co s& sir dung cong nghé GIS & md
hinh hoa bai toan va giai tw dong khi ding thugt tuan cdy bao trim ngan nhat, Mét hé trg gitp xay
dung theo quy trinh nay s& gitip cac cdng ty cung cdp nuéc co thé thlet k& cac mang dng nudc cin
thiét mdt cach nhanh chong, true quan va dam bio céc diéu kién cip nurdc an toan, cé tinh kha thi

cao va gid tri kinh té lon

Tir khéa: Mang dudng dng cdp mebe, Cdp mude an toan, Cong nghé GIS, M6 hinh héa, Thudt

todn cdy bao trim

DAT VAN PR

Trong nhitng nim qua, hé thnng a6 thi nucrc
ta khong nglmg mé rong ca vé quy mb va sb
lugng. Dén nay, ca nuée c6 gin 100 doanh
nghigp clp nude, quan ly trén 500 hé théng
cung cdp nude sach (HTCCNS) 16n, nhé véi
tdng cong sudt cdp nudc dat 7 tridu m*/ngdy-
dém. 80% dan cu thanh thi dwge cp nude
qua HTCCNS tép trung, dat mirc binh quin
105 lit'ngudi/mgay-dém. Tuy nhién, t9 1¢ thét
thodt, thét thu con rét 1én: binh quan khoing
25,5%[6]. Céc ty 18 trén 1a rét thip so v6i cic
nude phit tridn, VGi sy ting trudng cia kinh
t va dan s8, nhu cdu nudc sach trong tuong
lai cia ching ta fa rat 16n. Viée dit chi tiéu
phan ddu 12 99% dan cir thanh thi duge cép
nudc sach, ty 16 thit thoat, thit thu dudi 18%
vao nim 2020 la mét thach thirc I6n. Hai
nhigm vu ¢6 tinh quyét dinh dé dam bao thuc
hién cic myc tién trén thudng xuyén dat ra 1a:
bdo tri, thay thé dwiomg Ong cii - hong va mo
réng hé thong mdi, va xir Iy rrue tiép cde ré
#i. Hién nay ching ta lam c()ng viée nay dura
vao mirc d6 rd ri, va thay thé dudng ong cii
chi & nhimg diém cu thé, chua xem xét mot
céch thng thé chc nhan t5 tic ddng trén quy
mé mot & cAp nwde hodc toan ving cp nude.

* Tel: 0913 381027, Email: honghai vie@gmail com

Do chua tinh toan ddy di cdc yéu tb anh
huéng dén hoat dong ciia hé théng ca hién tai
va sau ndy nhu: mikc dé ro ri, i thy mang
5ng, toan bg cdc chi phi lién quan dén viée
thay thé, mic dp dnh huong cia méi truong
dén chdt luwgng nudc... va lai 1am tha cong
nén cdng viée di&n ra cham chap, hiéu qua rét
thap vi vay, dé som dip ing dwge yeu cdu
cap bdch vé nuede, giam thidu vige mét nwde,
ning cao tinh higu qué, tink kinh (& trong
viéc bio tri hay phit trién moi mang dng
nude, bai todn thiét k& 16i wu véi tinh todn
tw dpng cd y nghia to lon.

Hién nay, trén thé gi6i i c6 rét nhidu nghién
clut va phin mém dya trén GIS dé quan ly
HTCCNS [5]. Géi phan mém niy di dugc
giéi thiéu & Vigt Nam tir nhidu nim nay,
nhlmg rét it cong ty cp nu‘oc sir dung vi con
nhidu bit cip nhu: phin mém dugce viét theo
yéu chu cia cdc nuée phét trién, nén sir dung
chura thich hgp va thém nita kinh phi d trién
khai cao. Mot s6 cong ty cAp nuée Vigt Nam
da ty nghién ciru va xay dung img dung GIS
theo nhu ciu ciia don vi minh [9]. Céc san
phim con don gidn va ciing chua c6 chiic
ning dé giai quyét bai toan néu ra.

Bai toan béo tri va phat trién mang dudng ng
méi phdn 16n hién nay vin thuc hién mét
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cach thil cong (bing tay). P4 c6 nhidu nghién
clru cila nudc ngodi vé bai todn nay [7],
nhung img dung GIS d& giai quyét né thi con
rét it. Mot nghign cru cila nhém tac gia C.
Jun a, J. Koo b va J. Koh{3] da nghién ciru
mé rong hé théng mang ludi clp nude & Seul
dya trén mg dung GIS. Trong dé d8 cap toi
van dé&: sir dung ban d6 dheomg giao thing dé
chia viing, chia 6 mang duomg Ong, dwa ra
cong thikc tinh chi phi xdy dumg, cong thicc
tinh tuéi thy cia dwomg éng, tir d6 ldp ké
hoach béo tri vix thay thé dogn dwong ong 6i
wu bing cdch sit dung gidi thugt DISKTRA dé
tim dwomg di ngén nhdt cho doan dwong bng
chegc thay thé. Tuy nhién, bai toan dit ra con
don gian. Mot sb rang budc co ban tir thire t
yéu cu (dic biét c6 & Vidt Nam) con chua
tinh dén (hodc c6 nhimg khéng néu ra) trong
bai toan, nhw: hién trang cua co s6 ha tzfng,
dia hinh va sir dung dét, cde yéu 18 téc dong
cia méi truomg. Céc tiéu chi nay c6 anh
huémg dang ké dén sy kha thi thi cong, dén
chi phi xdy dung cta cong trinh, ciing nhu
dén tudi tho dudmg bng, vi 6 hiu qud v& &
nhiém ngudn nudc sau nay.

Nbi dung bai bio nay tp trung gii quyét bai
todn dat ra bing céch ing dung céng nghé
GIS va thujt todn cdy bao trim ngén nhét.

Bai toan dit ra 13 thuét ké mang cd'p muvc t6i
wu vé chi phi va hiu qua mang lai cho mét 6
(block - viing nhd sir dung nrée theo cach
phan ving quan ly cap nude hién tai) cap
nuée ¢6 cée diém ngudn cp nude da cho, cac
didm tidu dung nudc d3 xac dinh, va thda man
céc yéu ciu rang budc ciia thyc tién dat ra dva
trén co s¢ Ung dung cdng nghé GIS vi sit
dung thudt todn tim cdy bao trim ngin nhit
[4]. B& céng cu tao ra s& gilp cho viée thiét
ké tr& nén nhanh chong hon (nh& ty dong
héa) vi cho mét ban thit ké vira kha thi, vira
dat duge higu qua kinh t& cao. Céng cu nay ¢6
thé 4p dung cho médt ving cdp nuéc bét ky
(bao gdm nhiéu 8).
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PHAT BIEU BAI TOAN

MG ta bai toan

Mang ludi cip nude ciia mdt khu vuc thudng
duge chia thanh cic khéi cép nudc, ¢o ranh
gi¢i thuomg 14y theo ranh gidi hanh chinh
quan—huyén. M3i khéi chia nho thanh 5 - 12
4] cép nuée, mi & cép nuéc quan ly mot )
lugng cic ho duoc cdp nuéc. Céch td chire hé
théng thanh timg khéi-6 gitp dE dang quan Iy
t6t dugce kha nang cip nudc ciing nhu nhu cu
sit dung nude & méi khéi. Do viy, viée 1ap ké
hoach béo tri hoic mé& rong dudng éng trong
mt s 6 cAp nude c6 thé xem la trudng hop
phé bién. V& miat nhan dang, mang con dugc
xét 1a mdt dé thi con hinh cay cia mdt db thj
mang clp nuée 16n hon. Trong do cic diém
duge clp nuéce va chc diém ding nude 1a cic
dinh ctia dd thi dugc gén cic toa d9, dudng di
ciia éng ndi cdc didm trén 14 c4c canh ca dd
thi. Chi phi dé Iip dat dudng éng nudc (g
véi timg canh s& gdm cdc chi phi nhu: chi phi
cho duong 15ng va thiét bi, chi phi xdy dung,
chi phi qudn I, chi phi von ddu tu v chi phi
khdc. Nhigm vy 13 phai thiét ké mot mang
dudmg éng dam bao cac yéu clu ky thut dat
ra va chi phi [a it nhat, va cé thé li ich mang
lai nhiéu nhét.

Vi céc diém dugc clp nuéc trong mét &
thudmg I4y tir mdt diém ngudn cdp chinh, vi
vdy, mang éng nuée duge xét ludn cd thé
xem [a mt cdy d& thi c6 mot gée. Khi do chi
phi cho cdc canh thém vao cia cdy duge xét
hay nhiing doan dudng Sng khéng cén thay
thé s& cho chi phi bing khong. Gia thiét nay
lam dcrn gian héa viéc tinh todn cdy bao
trim ngfn nhit ma khéng anh hudng dén
ndi dung bai toan dat ra Ham muc tiéu bai
toan c6 dang.
Min Y c(i) [Q))]
ieU
Trong do: U 1a tdp cac canh d3 thi, i 2 mot
canh va ¢(i) 1a chi phi cho canh d6.
Co rét nhiéu céch ¢é tinh chi phi c(i), tiy theo
diéu kign dit liéu ¢6 dugc. Theo C. Jun , J.
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Koo va J. Koh, tinh chi phi ndy sir dung hai
ham hoi quy tuyén tinh danh cho hai loai éng
nude c6 dudng kinh khac nhau va c6 mot
tham s6 12 49 dai dudmg éng[3].
Vit Nam hién tai, ta 6 thé sir dyng cong thirc:
e(i) = cRd)I, Q@)
Trong d6 cf(d) 12 chi phi toan b6 dé 1ip dat
cho 1 mét ng c6 dudng kinh d, (xem bang 1)
vi |, 13 d6 dai dudmg bng i.

Bang 1. Khdi todn Im dng

- ef(d}) = S§

STT  Duingkinh (d) 3 3bne)
1 50 12.179.000
2 75 12.319.000
3 90 12.521.000
4 110 12.529.000
s 150 13.023.000
6 200 13.499.000
7 250 13.853.000
3 300 14.777.000
9 400 15.351.000
10 450 16.297.000
1 600 21.713.000

Ngudn: S6 ligu do Phong K5 thudt Cong ty mesc
sach Ha N¢i cdp [8]

Cic rang budc cita bai toan
Mang éng nudc dige thiét ké phai théa man
cdc rang bude sau:
1. Mang lién théng v6i nhau (d8m bao nudc
tir ngudn dén noi sir dung).
2. Che tuyén dudmg éng phai bam theo dudng
gizo théng hodc co thé di theo duomg khac
nhung khéng duge xuyén qua cic dbi tuong
kién tric nhw: nha dan, cbng trinh,... (dam
béo thi cong dugc).
3. Céc tuyén dutmg bng phai dam bao théa
mén cdc tidu chi ciia chuong trinh Cp nude
an toan [1,2], cu thé la:
a. Khéng di qu dia hinh ¢6 dé déc cao, mirc
a5 sut lan 16n, vung dat gy 6 nhidm lén
ngudn nuée.

b. Tranh cdc co s& ha tAngdudmg giao théng,
céu, ¢4p quang,... c6 nguy co gy anh hudng
dén chét hrong nudc trong bng

c. Tranh khu vye méi trudng nhur nha tiéu, bai
ric, viing nhiém chit dgc hai,.. 1 ngubn &
nhiém c6 thé thim thiu vao duomg éng.

Tiy mdi trudmg thye t8 ma & noi mang éng
nuée duge phat trién, cac rang budc trén day
c6 thé thém hay bét ma khong anh hudng gi
dén qua trinh giai bai toan. Vén d& cbt yéu 12
& chd, CSDL GIS duoc sir dung phai c6 sin
cac dir liéu cin thiét.

GIAI BAI TOAN

Sit dung Co s& dir liéu GIS

Bai todn duoc gidi voi sy tro gilip cia cdng
nghé GIS. Vi vy, ta gia thiét ring, da xdy
dung duge mdt Co s& dir liéu GIS c6 du dir
ligu cho viée giai quyét bai toan niy. Cu thé
13 43 c6 chce dir lidu sau dy c6 thé ldy ra tir
CSDL dé sit dung.

Ngudn dit ligu khang gian

Céc ban @3 hanh chinh, ban db dia hinh, ban
d6 dia chinh (& c4c dinh dang AutoCAD,
Microstation, Maplnfo...) ti 1& tr 1/50000
(cho cép quan, huyén) dén 1/2500 (cho cdp xa
phudng) duge thanh 1ap tir nam 2005 dén
nam 2010 bing phuong phap do v&, khao st,
théng ké thwe dia.

Co s& di lidu nén

Lép dit liéu dudmg Sng nude

Lop dit ligu diém ddu néi (dang diém)

Lép dit liéu diém cAp nuée (dang didm)

Lép dir ligu giao thong (dang dudng)

Lép dit liéu phudmg x4 (dang ving)

Lép dir liéu quén huyén (dang duong)

Co s& dir li¢u thude tinh

Co s& dit liéu thudc tinh c6 rit nhiéu bang v
mdi bang ¢6 nhidu thude tmh O day chi dua
ra mdt s bang chinh va mbi quan hé tiéu biéu
gifra cac bang d6 (hinh).
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Hinh 1. Mgt 58 dit liéu chinh vé bang thugc tinh
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Thiét 13p mé hinh bai toan

Truée hét cn Iap ban db céc diém cdp nuée
va diing nuéce 1am céce dinh dd thi. Sau d6 tao
mdt &b thj ban du lién thong, ¢6 du cic canh
chn thiét (mirc t5i da la dy du) va ndi dén
moi dinh d3 cho. Tai phwong 4n ban diu,
bing truc quan, c6 thé loai bét di cic canh
Kkhdng hop 1y (ndi 2 dinh qué xa nhau) dé don
gian dd thi. D& tao rang buge bai tosn, ding
dd thi nay 32 loai din cac canh vi pham rang
budc. Cu thé 14, m&i 14n ding mét dd thi nén
rang bude hién ciing db thi mang dang c6, lam
o s d6i sanh d& nhan bidt canh vi pham rang
buge va loai né di. Cach thiét 1ap rang budc
bing cach ndy 1 tryc quan, thao tac don gian,
vira d& dang thyc hién, vira ton rit it thoi gian
va cong sirc. Néu md i céc rang bude ndy
bing céc biéu thirc todn hoc s& rit khé khin
do céc bién 14 cac dbi tugng khong gian (co
nhidu chidu). Sau nita, céc rang bude co thé
dirge biéu dién, nhung khéng du dir ligu dé sir
dung. Tiép dén, khi bai toan duge thiét 1dp voi
céc rang budc phirc tap nhur vy, ¢6 thé khé tim
durgc mot thudt todn thich hop dé giai.

Khi di c6 dd thi mang di thoa man céc rang
buge, ta xac dinh chi phi cho cac canh con lai
cia db thi. Bay gio bai toan di diy du va ¢
thé giai n6.

Gidi bai toan bing thuit todn ciy bao trium
ngén nhit

Mang 5ng nudc duge vach ra ban dau 1a mot
3 thi phing, lién thong (véi tht ca cic canh
dwoc lya chon). Mét cdy (khong c6 chu trinh
kin) bao trium s& gbm céc canh ndi tir diém
gbe (ngudn cép) dén tit ca c4c dinh (diém si
dung nuéc). Bai toan tim mang t8i wu din dén
tim céy bao trum ngén nhit c6 6 dai canh 12
chi phi toan by & lap dat éng cho canh do.

Gidi thudt Prim duoc chon dé gidi quyét cho
bai todn néu ra.

Thudt todn c6 thé mé ta nhw sau: Gia sir
mang bng 13 mét db thi lién théng ¢6 n dinh
va mdt dinh géc s. Thuft toan bit ddu tir dinh
gbc s ciia dd thi. Du tién ta ndi s v&i dinh 1an
c4n gin n6 nhat, ching han 1a dinh y, nghia la
canh (s,y} ¢6 chi phi nho nhét trong s6 cac
canh di ra tir s. Tiép theo, tir hai dinh s va y
¢6 duge 14y 1am tap gbe, va thuc hién theo
cach Tam twong tw. Qua trinh niy s& tiép tuc
cho dén khi ta thu duge mot 4 thi 12 mot cay
gdm n dinh va n-1 canh dugc chon. D6 chinh
1 cay khung nhé nhét cin tim.

XAY DUNG BO CONG CU

Ngdn ngir 14p trinh

Python 12 ngdn ngt dugc chon lwa dé xay
dung cong cu hé trg thiét 14p vé gidi bai todn
thiét ké vach tuyén cip nudc téi wu. Python 13
m@t ngdn ngir 1ap trinh huéng dbi twong, chay
dugc trén nhiéu hé didu hanh khic nhau nhur
Windows, Linux, Unix, Mac. Né don gian dé
phét trién {mg dung, va dugc danh gid 12 ngdn
ngit ¢6 sb lan g6 phim it nhét khi viét chwong
trinh so véi cdc ngdn ngit khac nhu C/C++,
Java, .... Tir phién ban ArcGIS 10.0 ESRI dd
xay dyng thir vién ArcPy duoc viét bing ngdn
ngit Python. Thu vién ArcPy rét nhanh vi
manh trong viée xr ly dit ligu cua ArcGIS.
Céc chire ning cita b cong cu

Hé théng hé trg vach tuyén dudmg dng 161 wu
da rang budc, hd trg cong tac bao tri va m&
rong mang ludi dugce thuc hién théng qua hai
cong cu: Thidt ké mang luéi nhim tao ra
mang ban dAu thoa man céc didu kién rang budc
dt ra, va Tim mang t6i un bing thudt toan cdy
bao triim nghn nhét. Ngodi ra cé chire ning tim
kiém va xem mang tét qua, va chitc nang
xuft két qui ra mot thiét bi ndo dé.
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Giao dién ciia cng cu
% THIET KE MANG LUGI PRIM

=8 %

Tool mang cap nuée *

< Lefp & clip nudic 1 1Bng
toi wvu

. 18p K s mang clip e ¥y,
ST AR Tham khae: Dermick Wood,
“Data Struclures,

[ ok [ cancel | [Envionments...] [ <<#iendp | [ ToolHep |

Hinh 3. Giao dién cong cu thiét ké mang luéi theo PRIME
% KIEM TRA TIEU CHI 00 g, W & B o i |

L&p moi trueéng

7] Tiéu chi mai tnidng (optional) (optionall
Ldp mang c3p mudc 13 U {optional)
I =1 Chon i&p mér trrdrng
Lép msi trudng (optional) nhuw  bai rac thai
I =1 (&3 rén ban 46
] nosoa cach tim er .
; o
(k) [ Gancai ) (Eovrommaninn,] | —<rweran ) [ Tesinds )

Hinh 4. Giao dién cong cy kiém tra tiéu chi
KET QUA THU NGHIEM
Gi6i thi¢u khu vyce thir nghiém
Khu vuc thir nghlem 13 mdt & chp nudce trong hé thong cép nuuc phia Bic Song Hdng, do Cong
ty cap nude sb 2 Ha N&i quan ly. Mang dudng Ong cua & cap nude nay dwoc xdy du'ng tir thoi
Phép thude nén b Ian xdy ra si co rét cao. Pon vi cha quan dang c6 ké hoach thay thé toan by
mang dudmg 6 ong cho 6 cap nwéce nay vao nim 2016.
O céip nudc duge thu‘ nghlem cd tén la BSH 06 gbm 32 didm cin cap nuée duge danh sb tir 2
dén 33 v mdt ngudn cdp nude duge danh sé 1. BSH_06 dugc thiét ké nhu hinh 5.

P
]

BB DusngGise Ty

Nhén xét thuc trang:
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Tnng dg dai toan mang ciia BSH_06: 3494m

Tuyén ong 19-22 vi pham chuén thiét ké do gdn bai rdc (<=10m)

Két qui sir dung cdng cu thiét ké ty dong

Sir dung hai cong cu trén, vach tuyén duong dng tu dong da tiéu chi, két qué Hinh 6.

4 OremCapuoc
o)
B 7 o0 cop nunc bor s cHiew G e trmeg)
B DuongGuoThong
T B - 8 e
o
1 Nghataang
v

Q0 senhbtucng

) TS I AT NS I o |
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N |

3 Hinh 6. Bdn dé mang luGi cdp mede tdi wu da tiéu chi cho BSH_06

i Nhin xét két qua thir nghiém

Mang cép nude dugc thiét ké méi théa man
cac chufn thiét ké va c6 tdng do dai: 2061m.
So v6i mang luéi hién tai két qua thir nghiém
ngén hon 1433m va khéng vi pham chudn

| thiét ké.

KET LUAN
| X4y dung méi, duy tu, bao tri hé théng duong
| bng din nuéc thudng doi hoi nhidu thoi gian
| va ngudn kinh phi I6n. Nhu céu thay thé va
} phat trién mang luéi cdp nudc hién nay la rat
| Ion. Do vdy, xdy dung mét bd cong cu dua
‘ trén cbng nghé GIS dé tro gh::p déc lue cho
f hoat déng nay 1a mot doi hoi cap bach, vira co
~ ¥ nghia khoa hoc vira c6 y nghia thuc tién
J ca0.Cong cu da thir nghiém cho két qua tot.
Mong mubn cia ching t6i 1 sém dua céng
~ cu nay vao sir dung trong thuc té 4é tiép tuc
hoan thién cho phii hop véi thuc tién hon.
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DECISION SUPPORT SYSTEM FOR OPTIMAL PIPE LINE ROUTING IN
MAINTAINING AND EXTENDING WATER SUPPLY NETWORK APPLYING GIS

Chu Thi Hong Hai’
National Economics University

Repairing and extending water supply network of water supply companiesis a regular task and has
important role to meet increasing requirements about using water of societyin quantity, quality and
cost. This paper presents an opnmal design process of repairing and extendmg water network

hnology and automati

using GIS

based on

deoli

and applying the

shortest spanning tree algorithm. A decision support tool built on this process can help water
supply company to design a water networks quickly, intuitive and secure the water supply

conditions safe, feasibility and costly.

Keywords: water supply network, safe water supply, GIS, modeling, spanning tree algorithm
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