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Tém tat

Hé théng thoat nudc bén viing (SUDS) 1a mdt cach tiép can tu nhién dé€ quan ly hé thdng thoat nudc do thi
nhim lam giam tic dong ctia qua trinh do thi héa bing cach giam lugng nudc mua chiy vao cong. Nghién ciiu
nay danh gia hiéu qua kinh té khi 4p dung céc bién phdp SUDS bao gém ting mat d6 ciy xanh hoic st dung
giéng thim thAm nudc dé kiém soat ngap lut do thi so vdi bién phap thodt nude do thi thong thuong. Phan mém
dd hoa va mo6 phong thong tin dia Iy FOG dudc st dung dé€ vach tuyén mang lu6i thodt nudc va phan chia luu
vuc theo phuong phap Thiessen cho phan khu trung tdm Khu d6 thi Hoa Lu, Ninh Binh. Cic con mua va dong
chay dugc mo phdng va diéu chinh bing phin mém HYSTEM EXTRAN theo 4 trudng hdp : #1 mat do xay
dung theo quy hoach, #2 tang 10% cay xanh so v6i #1, #3 st dung giéng thim thim (58 gleng) va #4 két hop
#2 va #3. Két qué cho thdy #2, #3, va #4 gidm tuong dng 15,1%, 29,7%, va 34,9% chi phi dau tu cong thodt
nuéc so v6i #1. Viéc dp dung bién phap SUDS mang lai ca 1di ich kinh té va moi trudng. Thiét ké hé thong
thodt nu6c mua dua trén phin mém HYSTEM EXTRAN da khic phuc dugc su thiéu chinh xdc ctia cdc phuong
phép tinh todn thot nudc mua truyén thong.

Tir khod: SUDS; cay xanh db thi; giéng thAm; thoat nuéc mua do thi; hystem extran.

ASSESSMENT EFFICIENCY OF SOME SUSTAINABLE URBAN DRAINAGE SOLUTIONS USING
DRAINAGE MODEL HYSTEM EXTRAN

Abstract

Sustainable Urban Drainage System (SUDS) is a natural approach, alternative to conventional drainage in urban
stormwater management, decreasing the impact of urbanization by reducing the amount of rainwater entering
the sewer. This study evaluated the potential economic effect when applying SUDS measures including increas-
ing urban tree area or using permeable manhole to control urban flooding compared to conventional drainage.
Graphical information system FOG was used to map the drainage network and delineate catchment according
to Thiessen method for a real catchment in the central of Hoa Lu Urban Area, Ninh Binh. Storm design was
simulated and adjusted by HYSTEM EXTRAN software in 4 cases: #1 conventional system with planned build-
ing density, #2 reduction of 10% building density compared to #1, #3 using permiable manhole (58 manholes),
and #4 combination #2 and #3. The results illustrate that #2, #3, and #4 respectively reduced 15.1% and 29.7%,
and 34.9% the cost for pipecompared to #1. The simulation method of stormwater drainage using HYSTEM
EXTRAN software has overcome the inaccuracies of conventional stormwater drainage calculation methods
such as rational method. The application of SUDS measures not only benefits the environment but also brings
economic efficiency in the construction of drainage systems.

Keywords: SUDS; urban green tree area; permiable manhole; urban drainage; hystem extran.
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1. Giéi thiéu

Xu huéng d6 thi héa toan cau da va dang dién ra manh mé trén thé gidi trong thé ky 21, giy anh
hudng nghiém trong dén moi trudng va tai nguyén thién nhién ciing nhu sy can bang sinh thai. Do
thi héa gy giam dién tich dat t nhién, thay vao d6 bang cic cong trinh, cdc mit phi bing bé tong
hoic céc vat liéu kém thim nudc [1]. Piéu ndy dan dén su thay d6i dong chay tu nhién ctia nudc mua
khi ty 1 lugng nuéc mua roi xudng bé mit trai dat bi gidm va lugng nude mua chdy tran trén bé mit
gia ting, va nguy co lii lut ngay cang ting. Thodt nudc va vé sinh moi trudng, dic biét 1a vin dé thoat
nuéc mua ludn 13 vin dé quan trong trong qud trinh phat trién do thi trén thé gi6i. Vé6i tbc do do thi
héa nhanh chéng, Viét Nam hién nay c6 hon 830 d6 thi 16n nhd [2], trong d6 c¢6 nhiéu do thi dang dbi
miit v6i tinh trang ngap lut, dic biét biét & cac thanh phd 16n nhu Ha Noi va Thanh phd Hd Chi Minh.
Tinh trang ngap ting dang dién ra thudng xuyén & rat nhiéu do thi tit nhiéu nim nay do hé thong thodt
nudc hién tai qua tai, thiét ké chua hop ly, cdng bi tic hodc quy hoach san nén chua dugc thuc hién
ddng bo va tao ra nhiéu viing triing thip, kho thoat nuéc mua theo ché do tu chay.

Bén canh d6, bién ddi khi hau va nudc bién ding ngay cang phic tap va giy ra nhiing thach thic
16n dbi v6i cac nha quan 1y cling nhu nhitng ngudi 1am chuyén mon trong viéc quy hoach, thiét ké hé
théng thodt nudc mua [3, 4]. Cach tiép can va gidi quyét theo truyén thong 1a thiét ké va xay dung hé
théng thodt nuéc mua theo hudng thoat that nhanh nuée mua ra khoi pham vi d6 thi. Diéu nay doi
héi kich thudc cong va cong suit cdc thiét bi trong hé thdng rat 16n, gy tén kém trong xay dung va
quan ly van hanh [5]. D€ khic phuc cic nhugc diém trén, hé théng thoat nudc theo huéng bén viing
(SUDS) da dugc nghién ctiu va d4p dung & nhiéu nudc trén thé gidi. Theo cach tiép cin nay, nuéc mua
s& dugc thoat cham, mot lugng 16n nudc mua sé dudc luu trii tam thoi trong d6 thi thong qua mot sb
bién phap k¥ thuat nhu st dung cdc ho diéu hoa, via he thim nuéc, dai cAy xanh do thi, giéng thim
thAm nuéc . Nhu viy mot lugng 16n nuéc mua sé dudc giii lai, thim vao long dit va luu lugng nude
mua chdy vao hé théng thodt nudc mua sé giam di rat nhiéu. Ngoai ra, céc bién phap SUDS con c¢6
thé 1am sach nuéc mua, diéu hoa khong khi, tao ra diéu kién séng t6t hon trong do thi [6].

Phan mém HYSTEM EXTRAN la phan mém mé phdng qua trinh nudc chdy trén bé mit va trong
cbng thodt nudc dugc phat trién bdi Vién Khoa hoc va Ky thuit Thiy vin Hannover va dugc st dung
d€ tinh toan thdy luc va quan ly hé théng thodt nudc rong rii nhit § Diic hién nay. Pa c6 mot sb
nghién cifu 4p dung HYSTEM EXTRAN trong thodt nuSc mua do thi. Jahanbazi va Egge [7] da tién
hanh nghién ctiu so sdnh viéc tinh todn v quén ly thoat nuéc mua truyén thong va sit dung phan
mém HYSTEM EXTRAN-2D. Két qui nghién ctiu cho thly HYSTEM EXTRAN-2D c6 nhiéu uu
diém vuot troi so véi phuong phap truyén thdng nhu ¢ thé chi ra chi tiét mic do ngap lut trén bé
miit tai cac diém khac nhau, dé sir dung va tiét kiém thdi gian hon. Fuchs va Schmidt [8] d4 tién hanh
so sanh ba md hinh trong viéc gia dinh ngép lut do thi trong dé c6 si dung phan mém HYSTEM
EXTRAN-2D. Két qua cho thiy tim quan trong clia viéc xem xét tuong tac hai chiéu ctia bé mit va
hé théng cbng khi 1ap mo hinh thoat nudc dd thi cho muc dich ddnh gia ngap lut do thi va cach tiép
can truyén thdng 1a két ndi tit ca cac khu vuc truc tiép véi hé thdng cdng dan dén két qua khong chinh
xé4c. Tuy nhién, cho dén hién tai, chua c6 nghién citu nao trén thé gidi ciing nhu & Viét Nam dénh gid
hiéu qua ctia cdc bién phdp thodt nuéc bén viing st dung phan mém HYSTEM EXTRAN.

Trong nghién cifu nay, hiéu qua cta viéc 4p dung cic bién phap thodt nudc bén viing, cu thé 1a
ting dién tich ciy xanh va st dung giéng thim thAm nudc di dudc dinh gia khi st dung phan mém
HYSTEM EXTRAN dé€ md hinh héa hé théng thodt nudc va gia dinh cic con mua.
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2. Phuong phap nghién ciu

Nghién ctiu da st dung hai mo dun d€ md phéng hé thdng thoat nudc, gia dinh cdc con mua, va
tinh to4n thity Iuc bao gdm FOG va HYSTEM EXTRAN. Céc buéc thiét 14p cta tiing mo dun dudc
thé hién & Hinh 1.

/ FOG \ / HYSTEM-EXTRAN \

Nhap dir liéu dia hinh tir 5 A s
CAD Chay thuy luc m6 hinh
Phén chia luu vuc )
Thiét 1ap mang ludi thoat Keét qua
nuoc
Thiét ké trdn mura tinh toan Dénh gia két qua tinh toan
Hé sb dong chdy cho timg
dang bé mat phu

= AN J

Hinh 1. Tém tét cdc budc thuc hién mo hinh

FOG [9] 12 phin mém md rong ctia ArcGIS®. Chic niing chinh ctia ArcGIS® - Hé théng thong
tin dia 1y 1a thu thap, Iuu gif va chuin bi cic dif liéu c6 thudc tinh khdng gian. FOG st dung tt ci
cac dac trung cia ArcGIS® va mé rong thém ung dung vi vdy ma nd trd thanh céng cu manh hon dic
biét phit hop trong linh vuc thodt nudc do thi. FOG hd trg thiét ké va minh hoa tit c4 cdc thanh phan
ctia hé thdng thodt nudc chinh xic theo khong gian. FOG thém vao ArcGIS® nhiing cong cu dé ¢
thé diéu chinh stfa nhanh hé thdng thodt nudc, dic biét nhu tu dong phan chia luu vuc thodt nudc, tinh
to4n dién tich phuc vu cta tiing doan cdng. Do d6 FOG gitip cho viéc khi thiét ké va quan 1y mang
lu6i thodt nudc don gian va tiét kiém thai gian hon.

HYSTEM EXTRAN [10] la phan mém m6 phéng qué trinh nudc chay bé mit va trong hé thong
thoat nudc ciing nhu c6 thé md phdng cic cong trinh dic biét trong hé théng thodt nudc nhu tram
bom, giéng tran tich nuéc. HYSTEM EXTRAN c6 thé tinh todn luu lugng, thiy luc dong chay va xic
dinh vi tri, mutic do cac diém ngap lut.

Nghién ctiu dién hinh dugc dp dung cho phan khu trung tim Khu dé thi Hoa Lu, Ninh Binh, 1a
khu dang dudc xay dung, c6 dién tich phan khu trung tam la 20,2 ha. Mat d6 xay dung cia phan khu
dao dong trong khodng 50-70% tuy thudc vao tiing tiéu khu, chi tiét dudc thé hién & Hinh 5(a).

2.1. Nhdp die liéu dia hinh

Déi v6i md hinh FOG va HYSTEM EXTRAN, sé chinh x4c hon khi dif liéu vé dia hinh dugc nhap
tt mo hinh s6 do cao (DEM). Tuy nhién, vi khu vuc nghién ctu 12 khu vuc dang trong qua trinh trién
khai xdy dung va khong c6 ban dd6 DEM thuc té, nén dif liéu dia hinh dugc nhap vao FOG tit ban dd
quy hoach ctia khu vuc du 4n trén nén phan mém Autocad. D€ FOG nhén dién dudc céc loai mit phii
khéc nhau, tit ca cac loai mét phii can dudc phan chia va bao bsi dudng khép kin dang polygon.

125



boéng, P. D., Cuodng, T. H. / Tap chi Khoa hoc Céng nghé Xay dung
2.2. Phdn chia luu vic va thiét ldp mang ludi thodt nudc

Viéc phan chia Iuu vuc va vach tuyén mang ludi thodt nu6c mua dudc thuc hién dua vao ban do
quy hoach st dung dt ctia khu vuc, cao do dia hinh, vi tri nguoén tiép nhin nuéc mua trong ban do
dit liéu dia hinh da dudc nhap vio FOG. Hudéng dong chay bé miit trong cic céc tiéu khu dudc phan
chia va dinh huéng theo phuong phdp da gidc Thiessen. Huéng dong chdy trong cic doan cong dudc
xéc dinh theo huéng dia hinh tit cao xubng thap. Do mit bang quy hoach c6 hd nuéc & giita khu nén
hd nudc nay da duge tin dung dé€ 1am hd diéu hoa nudc mua. Toan bd mang ludi thodt nudc bao gdm
58 giéng thim va 2 clia xa nuéc mua. Mit bang phan chia Iuu vuc va thiét 1ap mang ludi thoat nudc
dudc thé hién trong Hinh 2.

Chu thich

Diém xa
A

Giéng thim
.

Cong thoat nuoc
—_—
Luu vire thoat nwoc

Duong giao thong

Hb diéu hoa

1:2.500

Hinh 2. Mit bang vach tuyén mang lu6i thoat nudc

2.3. Thiét ké trdan mua tinh todn

Trong tinh todn thiét ké thoat nu6c mua do thi Biéu dd phan bd mua
theo phuong phép truyén thdng, ngudi ta thudng
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coi thdi gian mua tinh toan 1a khoéng thdi gian ké 'E;zs
tl ldc nuéc mua roi xubng vi tri xa nhit cda luu %20
vuc dén khi nudc chay tip trung dén tiét dién cong a s
tinh todn [11]. Su phan bd lugng mua trong mot g 10

tran mua c6 thé dudc mod phdng tir s6 licu thong
ké clia cdc tran mua thuc t& do dudc trong khoang
tir 20-30 nim. Trong nghién ctu nay, dua vio sb
liéu vé khi tugng ctia Ninh Binh, trdin mua tinh o .
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2.4. Thiét ké hé s6 dong chdy, tinh todn liwong mica va s lan truyén dong chdy bé mdt

Thong thudng mot do thi s& c6 rat nhiéu loai H6 53 dong chiy
miit phi ¢6 hé s6 dong chay khac nhau nhu bai dat Lo

Tén thét lién tuc

tréng, bai cd, cdy xanh, mat dudng nhya, mai nha, 0s
... Tuay nhién, trong nghién ctu dién hinh nay, bé

mit do thi chi dudc chia ra 2 loai mét phii chinh dé 06
don gian héa qud trinh tinh todn, hé s6 dong chay
dugc chon 12y = 0,5 dbi v6i khu ciy xanh. Pbi véi

duoc tinh voi:

céc loai mit phii thim nuéc kém nhu mit dudng 0‘4 “Y?i'%,?;é's o
nhua/bé tdng, mai nha hé s6 dong chay dudc chon Vo * Ve
1a ¥ = 0,85 theo Hinh 4 [12].
Luu lugng nuéc mua dugc tinh toan theo 00
phuong trinh (1) bén dudi : e
VEeGL = NEGL-AE-C ) Hinh 4. Hé s6 dong chay ctia mét phii it thim nudc

trong d6 Vgg l1a thé tich ludng nuéc mua [m3]; Nggr 12 lugng mua [mm]; Ag 1a dién tich luu vuc
thodt nudc [km?]; ¢ 12 hé sb quy ddi (10 néu don vi dién tich luu vuc 13 ha, 1000 néu don vi dién tich
Iwu vue 1a km?).

Sau khi tinh to4n dudc su lan truyén dong chdy bé miit, cic qua trinh dong chdy trong mang 1uéi
cbng dugc xdc dinh bang cich sit dung mo hinh HYSTEM EXTRAN. C6 tinh dén cic qué trinh vat
ly, cdc qud trinh chuyén dong dudc mo ti chi tiét véi su trg gidp clia cac phuong phap thiy dong luc
hoc. Viéc x4c dinh cic qud trinh chuyén dong dugc xic dinh bdi hé thdng ddy di cdc phuong trinh
ctia Saint Venant, bao gdm phuong trinh chuyén dong va phuong trinh lién tuc [13].

lé‘v v Ov Oh

g.5+§.a+a=IS_IE (2)
90 9A
E'FE—O (3)

trong d6 g la gia tdc do trong trudng [m/s>]; v 1a van téc dong chay [m/s]; £ 1a bién thoi gian [s]; x 1a
bién vi tri [m]; 4 12 6 sau nude [m]; I 1a d6 dbc ddy [-]; I 1a do dbc dudng do 4p [-]; Q 1a luu lugng
dong chay [m>/s]; A 1a dién tich uét [m?].

2.5. Cdc kich bdn chay mé hinh

Pé danh gia hiéu qua ctia SUDS trong viéc giam thiéu ngap lut, giam thiéu kich thudc cong thoat
nuéc so vdi trudng hop khong ap dung SUDS, Phan mém FOG va HYSTEM EXTRAN da mo phong
va chay thiy luc mang luéGi thoat nuéc mua theo 4 trudng hgp: #1 mat dd xay dung theo quy hoach,
#2 ting 10% dién tich ciy xanh so vdi #1, #3 toan bo giéng dau va giéng niit st dung giéng thim (58
giéng), va #4 két hop ca #2 va #3. Kich ban #1 d€ 1am kich ban dbi chiing. Kich ban #2 d€ danh gid
hiéu qué cla viéc ting ty 1& cAy xanh trong d6 thi. Ty 1 ting Iva chon 10% vi ly do néu ty 1é ting 16n
hon 10% thong thudng sé rat khé thuyét phuc chi dau tu du 4n, nhung néu ty 1¢ ting nhd qué c6 thé
hiéu qua giam ngap lut c6 thé khong rd rét va khé danh gid. St dung giéng thim thAm nuéc 1a bién
phdp méi va chua dugc nghién ciiu cling nhu 4p dung nhiéu trén thé gidi. Giéng thAm c6 ciu tao cic
bd phan co ban gidng giéng thim thoat nuéc mua thong thudng. Tuy nhién, d& nude c6 thé thim ra
xung quanh, thanh giéng dugc duc 16 dudng kinh 1-1,5 cm cach nhau khoang 8-10 cm. Van téc nuéc
thAm qua céc 16 dudc chon trong khoang 0,005-0,015 m/s [10].
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3. Két qua va thao luén
3.1. Két qud tinh todn

Hinh 5 thé hién dudng kinh (mm) va d6 déc (%) ctia cac doan cbng trong 4 trudng hop tinh todn.
C6 thé thiy ring duong kinh nhiéu doan cong trong mang Iu6i thoat nuéc clia #2, #3, va #4 gidm dang
ké so v6i #1. V6i #2, khi ty 1& dién tich cAy xanh ting 1én sé& ting luong nudc thim xubng dit lam giam
hé s6 dong chay [14, 15], din dén giam luu lugng nudc chiy vao cbéng thoat nuéc, nén c6 thé giam
dudng kinh cdng ma van ddm bao hé théng khong bi qua tai va giy ngap lut. Trong trudng hop #3,
cdc giéng thim thAm nuéc s& gitip thim mot phan nuéc mua vao dat thanh nudc ngim, va ciing lam
giam lugng nuéc mua chdy trong cong thodt nude [16, 17]. Dbi véi trudng hop #4, khi luong nude
mua vira thim xudng dét qua ca dién tich ciy xanh va qua giéng thim, lugng nuéc chay trong cong
thodt nudc da giam di rit nhiéu.

A

50%

° Chu thich
Diémxa

A
Giéng tham
Cbng thodt nuwoc
Luu vuc thoat nuwoc
Mit d6 xay dung

I 50%

L 60%

- 0%
Duong giao thong
[l

1:2.500

>z

Chu thich
Diémxa

A
Giéng tham
Cbng thodt nuoc

iy ]
Luu vure thoat nuoc
Mit d6 xay dung

1:2.500

(b) Ung véi #2
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(d) Ung véi #4
Hinh 5. Két qué tinh toan thiy luc

Hinh 6 mo ta tric doc ctia 2 tuyén cbng chinh (tuyén c6ng 57-59 va 27-60) trong bon trudng hop
#1, #2, #3, va #4. Trong trudng hop dudng do dp cao hon mit dit, mit dit s& bi ngap, tham chi c6
nudc c6 thé bi tran 1én tir giéng thim. Hinh 6 cho thiy dudng do 4p clia cdc tuyén cong clia ci bdn
truong hop déu thap hon mit dat va khong xay ra ngip & cic diém tinh todn, chiing td viéc Iua chon
dudng kinh va do dbc dit cdng hop ly. C6 thé thiy o dudng do 4p trong tit ca doan cdng ctia phuong
n #1 d&u nim cao hon dinh céng. Tuy nhién, doan cdng cudi ctia tuyén cbng 57-59 va hai doan cudi
ctia tuyén cbng 27-60 trong phuong an #2, #3, va #4 déu nam thip hon dinh céng. Trong trudng hop
hé thong thodt nudc da xay dung va dua vao hoat dong, viéc so sdnh sé dudc tién hanh theo huéng cb
dinh s6 liéu vé mang ludi thoat nudc, va kiém tra va so sdnh mic do ngap lut cia hé thong hién c6 vé6i
cac truong hop khi 4p dung SUDS.
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Tuyén céng 57-59 Tuyén céng 27-60
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(d) Ung véi #4

Hinh 6. Tric doc céc tuyén c6ng thodt nudc chinh khi 4p dung va khong ap dung SUDS

Béng 1 th€ hién muic do hiéu qua tidc dong clia viéc 4p dung céc bién phap SUDS so vdi quy hoach
hién c6 vé tdng thé tich nuéc mua x4 ra nguodn tiép nhan. Lugng nudc mua xa vao ngudn tiép nhan clia
trAn mua tinh todn trong cac trudng hop #1, #2, #3, va #4 14n luot 12 9636, 8835, 7270, va 6518 m>.
Ting 10% dién tich ciy xanh gidm lugng nudc mua x4 vao ngudn tiép nhan 8,3%. Két qua nay tuong
ddng véi 5,7% trong nghién citu ciia Liu va cs. [18]. Ap dung bién phap #3 hoic #4 mang lai hiéu qua

Bang 1. Hiéu qua giam thé tich nu6c mua xa ra nguodn ctia cic bién phap SUDS

Trudng hop vV (m?) Vi (%) Esp (m®/m?)
#1 9636 - -
#2 8835 8,3 0,039
#3 7270 24,6 0,117
#4 6518 324 0,154

Luu y: V 1a tdng thé tich nudc mua xé ra ngudn; Vg 1a hiéu qué gidm lugng nuéc mua khi dp dung SUDS; E;
12 hiéu qua gidm thé tich trén don vi dién tich.
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giam lugng nuéc mua tuong ung 1 24,6% va 32,4%, cao hon nhiéu so véi bién phap #2. Nhu vy,
viéc ap dung cac bién phap #2, #3, hodc #4 khong nhiing giip lam gidm lugng nuéc mua chdy trong
cbng din dén gidm dudng kinh cong, ma con c6 tic dung bd cip mot lugng nude dang ké cho nguodn
nudc ngam trong khu vuc.

3.2. Ddnh gid hiéu qud kinh té

Téng chiéu dai cdng thoat nuéc theo dudng kinh khac nhau ctia bén phuong an dugc thé hién
trong Bang 2 cho thdy riang phuong 4n #1 chi c6 cac loai cong tit D600-1200, trong khi d6 phucng
4n #2 va #3 1an luot c6 cong tit D500-1200 va D400-1000. Phuong 4n #4 chi yéu st dung cbng c6
dudng kinh D300 va D400.

Bang 2. Bang thong ké chiéu dai c4c loai 6ng theo dudng kinh

#1 #2 #3 #4
buong kinh Don gia (d/m)* ——
Chiéu dai (m)

D300 228.000 - - - 1.082
D400 257.000 - - 1.590 1.473
D500 314.000 - 2.720 1.130 707
D600 378.000 2.720 471 965 423
D800 653.000 1.215 854 653 653
D1000 906.000 352 294 92 92
D1200 1.322.000 143 92 - -
Tong 4.430 4.430 4.430 4.430

*: don gid cong dugc tra tai bang gid ctia Cong ty CP vat liéu xay dung Song Py [19].

S6 ligu vé kinh phi dau tu cdng thodt nudc trong Bang 3 cho thiy #2, #3, va #4 giam lan luot 15,1;
29,7 va 34,9% chi phi dau tu céng thodt nudc so v6i #1.

Bang 3. Tong kinh phi dau tu céng ctia cac kich ban

Phuong én #1 #2 #3 #4
Tong tién (d) 2.329.916.220  1.977.594.370  1.638.136.730  1,517,049,550
Muc giam chi phi (%) - 15,1 29,7 34,9

4. Két luan

Két qui nghién ctiu di chi ra mot s6 diém sau:

- Viéc ap dung mo hinh tinh toan thuy luc mang luéi thoat nuéc HYSTEM EXTRAN gitp cho
viéc thiét 1ap mang ludi, thiét 1ap trAn mua ciing nhu tinh toan thiy Iuc dugc thuc hién dé dang va tiét
kiém thoi gian hon. M6 hinh tinh todn sé chinh x4c hon néu dit liéu dia hinh nhip vao & dang ban do
DEM.

- Bién phdp SUDS bao gdm ting dién tich ciy xanh hoic st dung giéng tham thim nudc hoic két
hop c4 hai bién phap mang lai hiéu qua vé kinh t& va k¥ thuat. Trong hai bién phdp trén, bién phap
st dung giéng thim thim nudc mang lai hiéu qué gidm lugng nuéc mua chay vao cong thodt nudc tbt
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hon kéo theo d6 mang lai hiéu qua gidm kinh phi dau tu cho c6ng thodt nudc cao hon. Két hop ci hai
bién phéap sé& mang lai hiéu qua kinh té, k¥ thut t6i uu nhét. Bt cid bién phap SUDS nao ciing c6 ca
hai mit uu va nhudc diém riéng. Viéc nghién ciu tdng hop wu nhuge diém cia cc bién phap SUDS
can dugc tién hanh & cac nghién ctiu chuyén sau tiép theo.

Ldi cam on

Tic gia chan thanh cAm on Vién Khoa hoc K§ thuat Thiy vin Hannover (ITWH) di cho phép dé

tai stt dung phan mém FOG va HYSTEM EXTRAN thudc ban quyén ctia ITWH trong qu4 trinh thuc
hién dé tai nghién ciu.
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