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NGHIEN CUU PE XUAT PHUONG PHAP HIEU CHINH MO HINH TOAN
SWMM VA LUA CHON PHAN PHOI MUA TRONG THIET KE HE THONG
THOAT NUOC MUA PO THI - UNG DUNG CHO KHU VUC THUQC
PO THI HONG HAC, TINH BAC NINH

Nguyén Thanh Thiy'’, Nguyén Lan Hwong’, Nguyén Viét Anh’

Tém tat: Trong Tiéu chuin Quéc gia TCVN 7957:2008 va ban cdp nhat TCVN 7957:2023 dwa ra ba cong
thire dé xac dinh cwong do mua thiét ké, dong thoi dé xudt dap dung mé hinh thity lwc nham kiém tra klch
thuéc cong dwoc tinh todn so bé theo cong thicc nay. Tuy nhién, viéc sir dyng mé hinh thiy luc trong thuc té
@dp phdi hai khé khan chinh: (i) yéu cau cé biéu do phan phoi miwea thiét ké phiv hop va (i) yéu cau hiéu
chinh va kiém dinh cdc théng sé ciia mé hinh. Trong nghién ciru ndy, tdc gia da thwc hién kiém dinh chéo
gitta két quda mé phong cia mé hinh SWMM va gid tri lwu lwong cwc dai dwoc xdc dinh theo cong thirc
cuong do mua gioi han — phuwong phap hién dang du"ac tin cdy va sit dung réng rdi trong thiét ké hé thong
thodt nude tai Viét Nam. Bén canh do, nghién ciru tién hanh mé phong véi ba dang mo hinh mira thiét ké
khdc nhau nham danh gid mike @6 dnh hwéng cia mé hinh muea thiét ké dén két qua mé phong. Két qua
nghién ciru da dé xudt quy trinh kiém dinh chéo cdc thong sé nhay ciia mé hinh SWMM c6 tinh kha thi trong
ing dung thiét ké. Pong thoi, nghién ciru kién nghi sit dung phwong phdp Chicago hay trdn mwa dién hinh

duoc xdc dinh theo mua 10 phut lon nhat trong xdc dinh biéu do mua thiét ké.
Tiwr khéa: Thiét ké hé thong thoat nudc mua, SWMM, hi¢u chinh, phan phoi mua.

1. PAT VAN PE

Mo hinh SWMM dugc st dung rong trong mo
phéng thoat nuéc mua d6 thi (Niazi et al., 2017).
Céc thong sé cia mo hinh dugc (i) hiéu chinh thu
cong hoac (ii) hi€u chinh ty dong. Hi€u chinh thu
cong s¢ tién hanh the dan trong khi hiéu chinh ty
dong s& sir dung cac ham thuat toan toi wu dé ty
dong thuc hién cac md phong voi cac bo gia tri cia
cac thong sb. Voi wu diém tim duoc cac gid tri cla
bd thong s cho cac chi s6 danh gia nhu NSE va R2
16n nhat hay RMSE va MSE nho nhat, nhiéu nghién
ctru d tién hanh nghién ciru img dung cac thuat toan
tri tué nhén tao, ... dé hiéu chinh thong sé ctia md
hinh SWMM (Annus et al., 2021; Shahed Behrouz
et al.,, 2020; Zhong et al., 2023). Tuy nhién, cac
nghién ctru nay déu dya trén viéc so sanh giita qua
trinh luu lugng tinh toan tr mé hinh va qua trinh luu
lugng thuc do.

Trong trudng hop khong o sb liéu thuc do, mot
s6 nghién ctru nhu da lya chon 1 vi tri trén dong ho
dé hiéu chinh mé hinh (Swilla et al., 2024). Gia tri
lwu Iuong tai vi tri nay dugc do dac truc tiép hodc
udc tinh tur gia tri luu lugng thyc do tai 1 dong hé
khac. Cach udc tinh nay chi phu hgp trong truong

lTru”d'ng Dai hoc Thuy loi
2Trwd’ng Dai hoc Xdy dung Ha Noi
Tac gia lién hé

hop hi€u chinh cho 1 khu vuc d6 thi da duoc xay
dung hay cac luu vire twong tu nhau ca vé diéu kién
mat dém va khi tugng. Ngoai ra, phuong phap nay
chi phu hgp véi truong hgp dong chdy tir thuong luu
nho dé luu lugng tai vi tri hi¢u chinh phan anh dugc
dac trung cua dong chay tir khu vyc do thi.

Déi voi cac khu vue dugc quy hoach xdy dung
do6 thi, sau khi xay dyng do thi, diéu kién mat dém
thay ddi 16n nén luu luong da duoc do dac trén cac
kénh, song tiép nhan truc tiép s€ co gia tri thién nho
va khong sir dung dugc trong hiéu chinh, kiém dinh
mo hinh. Bén canh do, viéc lya chon Iuu vuc tuong
ty vé diéu kién mit dém va khi tuong rat kho thue
hién. Tiéu chuan Qudc gia vé tinh toan Thoat nudc —
Mang luéi va Cong trinh bén ngoai nam 2008
(TCVN7957:2008) va ban cép nhat nim 2023
(TCVN7957:2023) dua ra ra 3 phuong phap tinh
cudong d6 mua 16n nhat thiét ké. Trong d6, cong thirc
cuong d6 gidi han dugc cac don vi thiét ké hé thong
thoat nuéc mua ¢ Viét Nam sir dung pho bién nhat.
Vi vy, nghién ciru s& sir dung phuong phap kiém
dinh chéo, cu thé so sanh giita két qua luu lugng
dong chay 16n nhit tai cira ra ctia tiéu luu véi voi két
qua luu lugng thiét ké 16n nhat tinh theo cong thirc
cuong do gidi han. Bén canh do, trong tinh toan thiét
ké c6 mot s6 phuong phap xdy dyng mé hinh phan
phdi mua, nghién ctru s& phan tich anh huéng ciia
cac md hinh phan phdi mua dén két qua mo phong.
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Phuong phép dugc mg dung trong mé phong thiét
ké thoat nudc béng mo hinh SWMM mét khu vuc
thude khu do thi Héng Hac, tinh Bic Ninh.

Hong Hac ndm & phia Tay Nam tinh Bac Ninh,
tiép giap v6i huyén Gia Lam thudc Ha Noi, ¢ tong
dién tich khoang 200 ha. Khu vyc nghién ctu co6 dia
hinh bang phing véi do cao tir 4,5 dén 5,0 mét vai
khi hau nhiét déi gi6 mua. Theo s6 liéu tai tram
Lang, lugng mua trung binh hang ndm khoang
1700mm, tap trung chu yéu tir thang 5 dén thang 10.
Pit tai khu vuc du an trude khi khoi cong chi yéu 1a
dat nong nghiép, dat vuon va dat hoang. Mot hé
thdng thoat nudc da dugc thiét ké dé xir 1y tinh trang
ngép lut cua khu vuc dy an dya trén chu ky lap lai 3
nam, trong do kich thudc céng duoc lya chon can cir
vao luu lugng toi da va thoi gian tap trung nudc,
theo hudng dan cia tiéu chuan TCVN 7957:2008
(Hinh 1).

Hinh 1. So dé hé thong thodt mede trong khu viee
nghién cieu trong mo hinh SWMM

2. PHUONG PHAP NGHIEN CUU

Nghién ctru tién hanh thyc hién 3 noi dung chinh
(i) xac dinh cac md hinh mua thiét ké, (ii) kiém dinh
mb hinh (iii) va thyc hién cic md phong dé phan tich
danh gia nhu so d6 dugc trinh bay trong Hinh 2.

S0 dd hé thong M6 hinh mua thidt Qu tinh the
thoat nude trong ké the pl wong |lnrc cwong do gidi
SWMM phap khoi xen k& han (Quaxtd)

Thay doi cla
hong so mo 11 1]\

Gia trj cia

Mua e

Tran mua da xay ra voi
tong ]\w'u mua bane Xmax bang X10° thiét

X2h thiét ké

!l hong so

dwk dinh

SWMM

Qtai cira ra céc tidu hru
; ! ou U

Hinh 2. So dé thuc hién nghién cuu

2.1. Phin phoi mura thiét ké
Trong m6 phéng ngap lut d6 thi, phuong phap
Chicago hay con goi la phuong phap khoi xen ké

dugc st dung phd bién. Vi vay, nghién ctru str dung
phuong phap Chicago dé xac dinh chudi sé liéu mua
dau vao cho mo hinh. Bén canh d6, trin mua dién
hinh ciing thudng dugc sir dung trong thuy van thiét
ké. Do do, nghién ciru s& tién hanh x@y dyng mo
hinh mua thiét ké theo tran mua dién hinh (i) co
luorng mua 10 phl'lt 16n nhat béng mua 10 phit ing
voi tan sudt thiét ké va (ii) tong luorng mua bang
mua thoi khoang d6 Ung voi tin sut thlet ké. Theo
TCVN7957:2023, thoi khoang mua tbi da 1a 150-
180 phit. Khu vuc nghién ctru ¢6 dién tich nho nén
chon thoi khoang mua 1a 120 phaut.

2.2. Co s6 ly thuyét mé hinh SWMM

2.2.1. M6 phong mwa dong chdy

Mo hinh SWMM mé phéng mua dong chay trén
cac tiéu Iuu vure theo phuong phap ho chira phi tuyén
(Rossman Lewis A. & Huber Wayne C., 2016). Dong
chay dén bao gébm dong chay sinh ra tir mua luong
mua va bat ky Iuu vire phy thuong ngudn. Dong chay
ra bao gdbm thim, bdc hoi va dong chay mit. Strc chira
cta "hd chira" ndy 1 ton that tich dong, 1a luu trit bé
mat tdi da dugc cung cép boi ao, lam udt bé mat va cat
giit trén tang 14 cdy. Dong chay bé mit sinh ra trén mot
don vi dién tich, O, chi xay ra khi d¢ sau cua nudc
trong "hd chira" vuot qua ton tht tich dong, ds. Do sau
cta nude trén tiéu Iuu vire (d) lién tuc duoc cip nhat
theo thoi gian bang cich giai phuwong trinh cin bang
nudc trén tiéu huu vue. DI voi dat khong thim, luong

thdm s& bang 0.
Khi d > d;
ad
at—L—e—f a(d —dy)5/3 Eq. 1
1/2
. 1.49W S Eq. 2
An
Khid < d;
ad
Frie i—e—f Eq. 3
a) Thim

Mo hinh cho phép tinh thim theo nim cong thirc
thuc nghiém. Trong d6, phuong phap Horton,
Horton stra d6i, Green-Ampt va Green-Ampt sira doi
cho phép tinh thim cho cac loai dat khac nhau voi
cac thong s 1a thudc tinh ciia dat ma khong xét toi
loai hinh sir dung dat. Phuong phap sé dudng cong
cho phép tinh thim theo timg loai hinh sir dung dat
va loai d4t (Rossman & Simon, 2022).

b) Bdc hoi

Mo hinh cho phép nhap s liéu bbc hoi dudi dang
hang s, chudi s liéu theo thoi gian hodc tinh theo
nhiét d§. Nghién ctru thuc hién danh gia cho cac trdn
mua dién ra trong thoi gian 2 tiéng nén lugng bdc
hoi rt nho, khong déng ké x4p xi bang 0.
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c) Dong chay trén‘bé mat luu vuc
Dong chay trén bé mat Iuvu vyc dugc tinh theo
cong thirc Manning (Rossman, 2017).

1
Q= ;WSl/Z(d —dy)®3

2.2.2. M6 phéng thuy luc

Mo phong thuy lyc hé théng thoat nudc: nude
tlr cac tiéu luu vyc s& duge thu vao hé thong cong
ngam thoat nudc qua cic ga thu. Dong chay trong
6ng dugc mo ta ¢ 2 trang thai bao gdm chay
khong ap va chdy co ap. Trong trudong hgp dong
chay c6 ap, 1 lugng nuéc c6 thé tran ngugc 1én
miéng cong thu.

a) Dong chay khong ap:

Dién toan dong chiy trong cong trong EPA-
SWMM dugc xac dinh boi hé phuong trinh Saint
Venant cho dong khong 6n dinh.

Eq. 4

90 04
Eq. 5
x ot a
90 9 (a0 oh
a+a<—A>+9A(a‘So) Eq. 6
+gAS; =0

b) Dong chay c6 ap

Dbi véi cac cong chinh, mé hinh st dung phuong
trinh Hazen-Williams hodc Darcy-Weisbach khi xay
ra dong chiay c6 4p suit. Nghién ctru st dung
phuong trinh Hazen-Williams. Lugng nudc dang 1én
tai cac hd ga dugc uéc tinh theo phuong phap
Preissmann slot.

2.3. Kiém dinh mé hinh SWMM

Gao et. al da sir dung phuong phap do tim Morris
(Zhong et al., 2023) dé xac dinh dwoc 7 thong sb
nhay nhat trong mé hinh mé phong cia SWMM bao
gém: Nimpervo  Npervs  Dimpervs Dperv V@ Min_rate,
Max rate, Decay rate (Gao et al., 2023). Trong do,
3 thong sé cudi 1a 3 thong s md phong thim theo
phuong phap Horton. Phuong phap thim Horton c6
nhuoc diém 14 chi xét t6i loai dat ma khong xét toi
anh huong cua str dung dat. Vi vay, nghién ciru lya
chon phuong phap sé duong cong dé tinh thim trong
tinh toan mua dong chdy trén cic tiéu luu vuc véi
thong s6 1a sé duong cong CN. Cac thong sb duoc
lya chon hiéu chinh va kiém dinh c6 khoang gia tri
nhu trong Bang 1.

Bang 1. Cic thong s6 nhiy ciia mé hinh SWMM

STT | Ky hiéu thong sd Khodng gia tri Tén thong s6
1 Nimperv 0.01-0.05 Hé s6 nham Manning N ¢ khu vyc khong thAm
2 Nperv 0.05-0.4 Hé s6 nham Manning N ¢ khu vuc thAm
3 Dimperv 0.2-10 D6 sau 16p nudc ton that tich dong ¢ khu vuc khong tham
4 Dyperv 2-20 Do sau 16p nude ton that tich dong & khu vuc thim
5 CN 30-100 S6 dudng cong

Gia tri cac thong ciia cac tiéu luu vyc duge xac
dinh dya trén so sanh két qua gitta luu luong 16n
nhét (Qmax . SWMM) tai cac nut nay nam & thuorng lvu
clia cac tuyén cong chi nhan nude tir 1 tidu luu vuc
voi gia tri luu lwong 16n nhat dugc tinh theo cong
thirc cuong do gi61 han (Qmax w)-

2.4. Dir li¢u diu vao va céc kich ban tinh toin

Nghién ctru thyc hién 3 md phong tng véi md
hinh mura thiét ké v6i chu ki 1dp lai T = 3 nam dugc
xac dinh theo phuong phap Chicago (TH1), theo trdn
mua dién hinh vé tong luorng mua (TH2) va theo
trin mua dién hinh vé mwa 10 phat 16n nhét
(Xi0’ max) (TH3). Trong do, dir liéu mua trong mo
phong THI, m6 hinh mua da dugc xac dinh trong
nghién ctru trude cla tac gia (Nguyén Thanh Thiy
& nnk, 2025). Dé thiét lap hé thong thoat nude trong
md hinh SWMM, ban v& va s6 liéu thiét ké hé thong
thoat nudc cho khu d6 thi Héng Hac dugc thu thap
va st dung.

3. KET QUA TiNH TOAN

3.1. Phin phoi mura thiét ké

® Tong hegng mua ® X10' max = Chicago
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Hinh 3. Biéu d6 mé hinh muwa thiét ké theo
(i) trdn muea dién hinh theo tong hrong muwa lom
nhat, (i) tran mua dién hinh theo lwong mwea 10

phiit I6n nhat va (iii) phirong phdp Chicago

Dua vao sé liéu thuc do tai tram, trin mua dién
hinh dugc chon trong TH2 1a tir 20h10° t6i 22h ngay
11/6/1989 va tran mua dién hinh trong TH3 duoc
chon la tor 02h50° t6i 04h40° ngay 07/07/1994
(Hinh 3). X10’_max trong mé hinh phan phdi mua
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0 TH2 nho hon gia tri tuong tng trong TH1 va TH3
1 10 mm v6i thoi gian xuat hién ¢ chinh giira thoi
khoang mua. Trong khi do, Xip' max trong md hinh
phan phdi mua & TH3 c6 gié tri bang X0’ max trong
md hinh phan phdi mua & THI véi thoi gian xuét
hién & dau thoi doan dau. Luong mua cac thoi doan
trong 50 phat dau tién dugc xac dinh theo ca 2 tran
mua dién hinh déu 16n hon cac gia tri tinh theo
phuong phap Chicago.
3.3. Két qua kiém dinh chéo

Bang 2. Két qua kiém dinh chéo ciia
cac thong s6 moé hinh SWMM

Nt Qm;x_td Qmax_SSWMM AQ
(m’/s) (m’/s) (%)
M1 0.132 0.14 6
Ml11 0.114 0.12 5
M14 0.076 0.08 5
M17 0.058 0.06 3
M19 0.11 0.12 9
M22 0.143 0.14 -2

Qmax swmm duge so sanh voi Quax w4 tal 6 nit ndm

& thuong luu cua cac tuyén cong chi nhan nude tir 1
tiéu luu vuc bao gém M1, M11, M14, M17, M19 va
M22 (Bang 2). Két qua tinh toan trong md hinh
SWMM c¢6 xu thé thién 16m, v&i d6 1éch Qpax 16n

0.2
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Qmax tidu lvu vire tmg v6i mua phan bd khéi xen ké

(m3/s)

(a)

nhit (AQ) 1a 9%, ngoai trir Quax tai nut M22 c6 AQ
14 -2%. Nhin chung, két qua tinh toan cua 2 phuong
phap la phu hop vdi d6 1éch AQ nho.

3.4. Két qua méd phéng véi cic md hinh mua
thiét ké

Két qua mo phong véi md hinh mua thiét ké
v6i 2 tran mua dién hinh duoc so sanh véi két qua
mo phong mua thiét ké theo phuong phap Chicago
cho gia tri luu lugng 16n nhét tai cira ra cua céc
tiéu Iuu vuc, d6 sau dong chay 16n nhét tai cac nut
(Hinh 4) va dudong qué trinh muc nudc tai nat M9
va M10 (Hinh 5).

Luu lugng 16n nhit tai cira ra cia cac tiéu luu
VUC (Qcatch max) trong TH3 tuong duong véi cac gia
tri dugc tinh trong THI vé6i phin 16n cac diém nim
trén duong phéan giac goc phan tu thir nhét (Hinh 4 a).
Trong khi d6 Qcatch max trong TH2 nho hon céc gia tri
tuong ung trong TH1 véi duong di qua trung tdm
cac nhom diém nam dudi duong phan giac goc phan
tu thir nhit. Mirc d6 chénh léch ti 1é thuan véi dién
tich cua tiéu luu vuc.

Su chénh léch gilra d sdu dong chay 16n nhéat tai
cac nut (dn.) trong TH3 va THI la rat nhod véi cac
diém tap trung xung quanh duong phan gidc (Hinh 4b).
Trong khi dd, dpax €6 xu hudng thién nho trong TH2
voi dudng trung tim di qua nhom diém nim dudi
dudng phan giac.

® Tbdng lvong muwa X10" max Phan giac
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Hinh 4. So sanh (a) Qax tai ctka ra cac tieu luu viee va (b) dyax
tai cac nut dwoc tinh voi cac mé hinh muea thiet ké

Thoi gian xuét hién dpay trong ca 3 md phong déu

xudt hién khoang giita trdn mua (Hinh 5). Trong mo
phéng TH1 va TH2 thoi gian Xuét hién d. g?ln vol
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do X, lai ting két hgp nudc tir cic tuyén phia trén
d6 vé. M6 hinh phan phdi mua theo tran mua dién
hinh c6 cudng d§ mua duy tri trong mot khoang thoi
gian (cu thé, TH3 c6 Xjo- 16n hon 9,5mm trong 70
phut, TH2 trong 40 phut) nén d6 sau dong chdy tai
nat M9 cao trén 0,4m trong 75 phut trong TH3 va 61
phut trong TH2 trong khi chi dat 58 phit ¢ THI.

4. KET LUAN VA KIEN NGHI

Nghién ciru da dé xuat va thyc hién phuong phap
kiém dinh chéo mé hinh trong tinh toan thiét ké hé
théng thoat nudc cho mot khu vuc thude do thi
Hong Hac tinh Bac Ninh. Nghién ctru dua ra céac
bude cu thé, don gian va dé thyc hién trong tinh toan
thiét ké hé théng thoat nudc.

Két qua md phong véi 3 mo hinh mua thiét ké

12 cho thay tinh toan theo tran mua dién hinh vé mua
Tong lwong mua — — X10'max == Chicago

10 phut 16n nhat cho két qua bét lgi nhat voi do sau
dong chay 16n nhét tai cic niit twong ty nhung thoi
gian duy tri myc nudc cao tai cac nit lén hon voi
mé hinh thiét ké dugc xac dinh theo phuong phap

1

=
oo

Do sau (m)
S
(=)

z; Chicago. Vi vay, trong tinh toan thiét ké hé thong
ya thoat nudc mua, phuong phap Chicago hay tran mua

' tronsrcevccconznoayp  dién hinh vé mua 10 phat 16n nhit nén duge si
R - ;aliggl;fu;ggy; ””””” dung. Trong mé phong ngip lut v6i cac tran mua co

tan sudt nho hon tan suit thiét ké, viéc st dung trén
mua dién hinh vé mua 10 phit 16n nhit s& cho két

Hinh 5. Puong qua trinh do sau dong chay tai nut ’
qua bat lgi hon véi thoi gian ngép 16m hon.

M9 duwgc tinh todn véi cac mé hinh mua thiét ké
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Abstract:

PROPOSING A METHOD FOR CALIBRATING THE SWMM MODEL
AND SELECTING RAINFALL DISTRIBUTIONS IN THE DESIGN OF URBAN
STORMWATER DRAINAGE SYSTEMS — APPLICATION TO AN AREA
IN THE HONG HAC URBAN CITY, BAC NINH PROVINCE

Both the Vietnamese Standard TCVN 7957:2008 and its updated version, TCVN 7957:2023, recommend the
use of the limiting rainfall intensity formula to determine design rainfall intensity, in conjunction with
hydraulic modeling to verify the dimensions of culverts preliminarily estimated using this formula. However,
the practical application of hydraulic models faces two major challenges: (i) the selection of an appropriate
design rainfall distribution and (ii) the calibration and validation of model parameters. In this study, a
cross-validation was conducted between the simulation results of the SWMM model and the peak discharge
values calculated using the limiting rainfall intensity formula. In addition, simulations were performed using
three different types of design rainfall models to evaluate the influence of rainfall representation on
simulation outcomes. The results propose a feasible cross-validation procedure for sensitive parameters of
the SWMM model in design applications. Furthermore, the study recommends the use of a representative
storm defined by the maximum rainfall depth over a 10-minute duration in cases where a conservative
design principle is adopted.

Keywords. Design urban stormwater drainage systems, SWMM, calibration, design rainfall distribution.
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