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Tom tat: Luu vuc song Nhué — song Day duoc biét dén nhu mot diém néng vé chat luong
nude, gay anh hudng 16n dén stc khoé nguoi dan ciing nhu canh quan, méi trudng luu vuc
song trong nhitng nam gan day. Nghién ciru xay dyng mo hinh tri tué nhan tao (AI) mo
phong chat luong nudc séong Nhué—Day dua trén két qua mo phong thuy dong luc va chat
luong nude cua mo hinh thuy lyc MIKE 11. Dir ligu dau vao bao gém: dia hinh, sd liéu thay
van, dir liéu ngudn thai tai cac vi tri quan tric dé mo phong chat lugng nudc trong mé hinh
MIKE 11. M6 hinh Al st dung thudt toan MLP — ANN x4y dung quan hé hdi qui gitra luu
lugng nude song va ndng do cac ngudn thai véi cac chi sd chat luong nudc dé du bao chat
lwong nudc tai cac vi tri kiém soat theo cac kich ban klem soat va quan ly ngudn thai khac
nhau mot cach nhanh chéng. Két qua tir mo hinh Al gan sat véi két qua tir mo hinh MIKE
11 véi chi s6 R? dat tir 0,98 trd 1én v6i thoi gian mé phong nhanh hon hang nghin 1an so voi
mo hinh thuy lwe, 1a mét cong cu hiru hiéu, cho phép dua ra dy bao chat lugng nude nhanh.
Nghién ctru cung cép cong cu quan 1y cho cac nha quan 1y trong danh gia nhanh tac dong
clia cac giai phap qui hoach, quan 1y va kiém soat 6 nhiém ngudn nudc trén luu vuc song
Nhu¢ — bay.

Tir khéa: Chat lugng nudc; Luu vuc séng Nhué-Pay; M6 hinh MIKE 11; Mé hinh tri tué
nhan tao AI;, MLP-ANN.

1. Pit van dé

Chat lwong nudc ludn 14 van dé cip thiét dugce quan tim hon ca do tac dong ciia né dén
strc khoé ctia ngudi dan ciing nhu dén moi truong va he sinh thai. Luu vye song Nhu¢-—Day
co vai tro quan trong khong chi trong phat trién kinh té ciia cac tinh thanh pho ven sOng ma
con ca trong su phat trién ciia ving dong bang séng Hong [1]. Tuy nhién, ngudn nudc séng
dang bi 6 nhiém nghiém trong va 1a mot trong nhing diém nong vé 6 nhlem moi trudng nude.
Theo Tong cuc Mbi truong — Bo Tai nguyén va Moi truong, trong tong sé 15/185 diém quan
trac bi 6 nhiém ning nhét trén 5 lwu vuc sdng khu vuc phia Bic vao nim 2020 thi c6 dén 13
diém thudc luu vuc sdng Nhué—Day va co toi 62% sé diém quan tric cho két qua caa chi s6
chat lwong nuéc WQI < 50 & muc xau dén rat xau. Chat luong nudc kém da anh huong rat
I6n téi cudce song, kinh té, méi truong va xa hoi. Do d6 viée kiém soat 6 nhiém trén luu vuc
song Nhué-Day thudc dia ban thanh phd Ha Noi dong vai tro quan trong khong chi vi Ha
Noi ma con d6i véi toan luu vuc.

Viéc tinh todan md phong bién ddi theo khong gian va thoi gian cua cac chat 6 nhiém
dong vai tro quan trong trong cong tac danh gia va kiém soat chat luong nudc. Vi su phat
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trién cua cong nghé thong tin ciing nhu mo hinh héa chét lugng nudc, ngiy cang nhidu cac
mo hinh mé phong chit lwong nudc ra doi va phat trién. Mot sé mé hinh toan thong dung da
dugc phat trién bao gdbm QUAL, WASP, QUASAR, MIKE Ecolab, cic mé hinh nay thudc
nhém md hinh sé tri, 14 mé hinh héa qua trinh lan truyén nudc trén hé théng séng, kénh
muong. Uu diém ctia nhém md hinh nay 1a ¢ thé cung cap thong tin danh gia chit luong
nuoc theo khong gian va thoi gian. Tuy nhién, viée thlet 1ap m6 hinh twong ddi phire tap va
mat nhiéu thoi gian, yéu cau ngudi str dung mé hinh can c6 kién thirc chuyén mén hiéu chinh,
kiém dinh va danh gia két qua mé hinh. Pic biét, trong diéu kién ¢ cac nudc dang phat trién
nhu Viét Nam, do tinh phic tap trong viéc thiét 1ap mo hinh, s& rat kho khan trong viéc
chuyén giao mé hinh cho cac co quan quan ly dia phuong sir dung. Do do vi€c phat trién cac
mo hinh don gian d& tiép can, dé st dung 1a mot yéu cau cap bach.

Thoi gian gan day, cac mo hinh tri tu¢ nhan tao phuc vu moé phdng du bao chét luong
nudc da va dang duoc ung dung rong rai do kha nang tinh toan nhanh véi do tin cay va hiéu
qué cao. Bén canh do, cac qué trinh thity van nhin chung 14 cac qua trinh phi tuyén tinh trong
tu nhién, thay doi theo khong gian va thoi gian nhu dong chay, chat luong nude [2]. Do do,
viéc mo ta cac qua trinh va yéu tb trén can dugc phan tich phi tuyén tinh. Khi cac dit liéu da
16n, cing v6i thudt todn va hé s cia mo hinh tri tué nhan tao (AI) dugc thiét 1dp mot cach
phu hop, m6 hinh c6 kha nang mé6 phong cac yéu td v6i hiu sudt va do chinh xac cao, co thé
thay thé cho md hinh thuy luc 5O tri.

Thuc té cho thay Al ¢6 vu diém vuot bac va phu hop trong viéc quan ly, danh gia va mé6
phong, du bao chat lugng nude hiéu qua tai mot s6 quoc gia trén thé gioi. Tuy vy, cach tiép
can str dung cong nghé tri tué nhan tao mod phong chat lwong nudc van 1a mot trong nhing
hudng nghién ctru twong d6i méi trén thé gidi hién nay. O Viét Nam, cho dén thoi diém hién
tai van chua c6 nhiéu nghién ctru danh gid mo phong chat lugng nude ing dung mang tri tué
nhan tao. Mot trong nhitng 1y do mo hinh tri tu¢ nhan tao chua dugc str dung rong rai la do
thiéu dir liéu dé huan luyén cadc mo hinh tri tué nhan tao. Méc du s6 liéu quan tric chat luong
nude trén luu vue séong Nhué—Pay ngay cang nhiéu, chudi sb liéu ndy van chua da dé xay
dung mot mo hinh tri tué nhan tao du tin cay. Nam 2006, [3] di xem xét két hop mé hinh tri
tué nhan tao va mo hinh chat luong nudc va dua ra céc li do can tich hop hai loai m6 hinh va
danh gia hiéu qua. Trong dé xuat niy nhém thyc hién s& xay dung cong cu mo phong chat
lugng nude dwa vao cong nghé tri tu¢ nhan tao. Theo do, nghién ctru s€ s dung cong nghe
nay xdy dyng quan hé tuong quan gilia dau vao (tai lugng cac nguon xa thai, chi o chat
lugng nudce song thoi dlem hién tai va luu luong nudc song) va dau ra (chi sé chat luong
nude tai mot sd vi tri co sé lidu do trén song Nhué—Day). Quan hé nay sau khi xay dung s&
duogc sir dung dé mo phong chat lugng nuéde song gop phan cho dy bao va phuc vu cong tac
klem soat & nhiém sau ndy. So vo1 cac mo hinh s6 tri, cong ngh¢ tri tu¢ nhan tao khong yéu
cau nguoi str dung can c6 kién thirc chuyén moén sau vi cac cong viéc phan tich, xur 1y s6 liéu
da dugc an phia sau. Do do, cong nghé rat thuan loi trong viéc chuyén giao cho thanh phd
Ha Noi. Cong nghé ciing cho két qua tinh toan mot cach nhanh chong, rat phu hop phuc vu
cong tac md phong, du bao chat luong nudce cling nhu hd tro ra quyét dinh trong viéc kiém
soat 6 nhiém. Vi vy, nghién ctru s& két hop ca mé hinh thuy lyc va mé hinh tr tué nhan tao
nham tang dg tin cdy cho md hinh tri tu¢ nhan tao trong d6 moé hinh thuy lyc dugc sir dung
dé tao 1ap co s dir liéu theo céac kich ban khac nhau cung véi dir liéu do dac co6 san lam dau
vao cho mé hinh tri tué nhan tao. Bai bao nay trinh bay mot s6 két qua dat dugc ctia cach tiép
can moi nay ap dung cho luu vic song Nhug-Day. Két qua nghién ctru trinh bay trong bai
béo c6 thé hd trg cic nha quan ly trong viéc danh gia hién trang va du bao chét lugng nudc,
phuc vu cong tac kiém soat va quan Iy chat luong nudc trén luu vuc song Nhué Day.

2. Phwong phap nghién ctru va tai li€u thu thap

2.1. Gidi thiéu vé khu vuc nghién ciru
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Luu vuc séng Nhué—Day nam & hitu ngan song Hong toa do tir 20° dén 21°20° vi d6 Bic,
va tir 105° dén 105°30” kinh d6 Pong, voi tong dién tich ty nhién 1a 7665 km? [1] (hinh 1).
Séng Pay 1a mot phan luu cta sdng Hong bit ngudn tir hé théng phéan chira 16 Van Coc thude
huyén Phtic Tho chay qua cac tinh Ha N§1, Ha Nam, Ninh Binh, Nam Dinh trudc khi dd ra
bién & cira Pay. Song Nhué ldy nudc tir song Hong qua cong Liém Mac ¢ Tir Liém, Ha Noi
dé cap nude tudi va déng thoi 1am chirc ning tiéu nude cho cac quan/huyén Cau Gidy, Ha
boéng, Tir Liém, Thanh Tri, Hoai Dtrc, Thuong Tin, Thanh Oai, Phii Xuyén cia TP. Ha Noi
roi d6 vao séng Pay & Phu Ly [4].

BAN DO VI TRI SONG NHUE, PAY
Ty 1&: 1:400,000
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Ho: Binh
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Song Nhud

Song Day
=
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Hinh 1. Song Nhué Pay thudc dia ban thanh phé Ha Noi.

Khu vuc ndm trong vung c¢6 khi hau nhi¢t déi am gi6 mua, c6 mot mua dong lanh va
kho; mot mua hé néng 4m va mua nhidu [4]. Mua mua thuong kéo dai 5 thang, tir thang V
dén thang X; ba thang lién tuc c6 lwong mua cao nhat 1a thang VII, VIII va IX [5]. Ché do
thity vin trén luu vuc séng Pay phu thudc vao dong chay cua nude song Hong va cac song
nhanh [5]. Do d6 ma dong chay trén luu vuc song phan bd khong déu theo khong gian va
thot gian. Theo khong gian, dong chay 16n nhat ¢ nai Ba Vi, phan hitu ngan luu vyc ¢6 dong
chay 16n hon phan ta ngan. Sy phan b theo thoi gian theo phan phdi dong chay ndm phu
thudc vao sy phan phéi theo mua. Trén luu vuc s6ng Nhué¢-bay, cac ngudn xa thai chu yéu
tir cac ngudn sinh hoat va do thi, tir cac lang nghé, tiéu thu cong nghiép; bénh vién; mot phan
tir ndng nghiép, thuy san va cac nguon khac do d6 chit lwong nudc dang bi 6 nhiém, nhleu
vi tri cuc b 6 nhidm nghiém trong. Chit lwong nude luu vue song Nhué Pay nhitng nim gan
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day co su 6 nhiém cuc bd theo thoi gian. Vao mua kho, nuédce it, mdt s6 vi tri nudc c6 mau
den, mui hoi, dic biét mot sd vung mat nudc bi thu hep, dong chay thép: doan Phuc La—Déng
Quan, cau Mai Linh. Muia mua luong nudc dugc ting cuong nhiéu hon nhung luu vuc séng
Nhué-Pay luc nay 1a khu vuc xa 1 cho thuong Iuu (Ha N§i) nén ngoai luu luong nude
thuong kém theo rac thai gdy 6 nhiém cho luu vuc song.

2.2. Phwong phap nghién curu

Nghién ctu sir dung két hop cac md hinh thuy lyc va mo hinh tri tu¢ nhan tao trong md
phong tinh toan, mé phong chét lwong nudce luu vuc séng Nhug — bay. Trong do, phuong
phap md hinh toan sir dung mé hinh MIKE HD, AD va Ecolab mét chiéu dé mé phong dién
bién chét luong nudce va tao co s¢ dir ligu dau vao cho mé hinh tri tué nhan tao. Nghién ctru
sit dung mé hinh MIKE mé phong thay luc va chét luong nude luu vue song véi chudi dir
liéu nam trong giai doan 2016 — 2020 budc thdi doan ngay dé hi¢u chinh va kiém dinh mo
hinh, sau d6 két qua moé phong chét luong nude duoc st dung lam dr liéu dau vao cho md
hinh AL M6 hinh Al sir dung thudt toan tri tu¢ nhén tao dé xay dung quan h¢ héi qui gitra
chat luong nudc tai mot s6 vi tri kiém soat va cac bién anh huong dén chét luong tai cac vi
tri kiém soat nay (luu luong nude séng, ndng do cac chat 6 nhiém va luu luong tai cac ngudn
thai). Hinh 2 trinh bay so d6 két néi gitra mo hinh thity Iyc, mé hinh chat luong nudcva méo
hinh tri tué nhan tao sir dung trong nghién ctru ndy. Chi tiét vé hai mé hinh nay dugc trinh
bay dudi day.

*Mang lwdi song ngoi Dit liéu d4u vao i—’ Tién xt Iy
#Di} liéu mit cit sbng MIKE 11 HD

i 4
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Hinh 2. Phuong phap nghién ctu.

2.2.1. M6 hinh MIKE 11

v" M0 hinh thay déng luc MIKE 11

M6 hinh MIKE 11 la b6 m6 hinh mot chiéu duoc phat trién boi Vién thity luc Pan Mach
(DHI) tir m hinh gdc dau tién ra doi nam 1972 dung dé mé phong thuy luc, chat lwong nudce
va van chuyén nudc trong song [6-9]. M6 hinh giip mo phong dién bién dong chay ciing
nhu myc nude trong hé thdng song. Mo dun thuy dong lyc hoc duoc xdy dung trén co so ly
thuyét ciia hé phuong phuong trinh Saint—Venant, c6 dang:

aQ _
ox bE_q )
a 2
% ( A)+gA golol _

ot ox ox C 2AR )
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Trong d6 Q la luu lugng dong chay, h la myuc nudc; t 1a thoi gian; x la bién khoang céch;
g 1a gia toc trong trudng; A,b 1a dién tich va chiéu rong mat cat uét; g 1a gia toc trong truong;
a 14 hé s hiéu chinh lru tdc; C 13 hé s6 Chezy; R 13 ban kinh thay luc.

v' M6 dun chét lugng nudc

Mo dun truyén tai khuyéch tan AD: qua trinh truyén tai khuyéch tan dugc mo ta bang
phuong trinh [8]:

AD —
ox

6AC+6QC 6( 6C>_ AKC + C
ot | ox ox - 29

©)

Trong d6 C la ndng d6 (Kg/m?); D la hé s6 khuéch tan; q 1a luu luong nhép luu don vi
(m?/s); K 12 hé s6 phan huy sinh hoc, K chi dugc dung khi cac hién tugng hay qua trinh xem
xét ¢6 lién quan dén cac phan g sinh hoa.

Phuong trinh tai khuyéch tan phan anh hai co ché van chuyén: (1) Qué trinh van chuyén
chat do dong chay (advection); (2) Qua trinh khuyéch tan cac chat do dong chay réi (turbulent
diffusion).

MG dun Ecolab: M6 dun sinh thai trong mo hinh MIKE 11 m phong cac qué trinh bién
d6i sinh—hoa cua cac bién chat lugng nuéc trong Template 4 véi cac qué trinh duoc thé hién
trong phuong trinh: trao doi nhiét, bién doi chat hiru co, bién doi nitro, bién d6i photpho va
bién d6i oxy trong séng bang cac phuong trinh:

ar . : o , (4)
P insolation — radiation khi t € [tup s tdown ];
— radiation khit ¢ [tup s tdown ]
dBOD ()
dt = _BODdecay
dNH4_N e (6)
TR N_BODgecqy — Nitrification
dNO3_N P e (7)
3 - Nitrification — Denitrification
doP
e PPdecay — PPformation + OPreleaseFromBOD — OpplantUptake ®)
dpPP : . : :
el PPdecay + PPformation — PPsedimentation + PPresuspension
dDO T 9)
T Reaera + phtsyn - respT — B0Dgecqy — SOD — Nitrification

Trong d6 T: nhiét d6 cua nudc (°C); insolation, radiation: Buc xa mat troi vao va ra
BODuecay: BOD cuia chét hitu co hoa tan (mg/1); Kas 12 tbc do phan hay caa chét hitu co hoa
tan (1/day); DO: ndng do oxy hoa tan (mg/l); NH4 N: Amoni tinh theo Nito; NO3_N: Nitrate
tinh theo Nito, PP: Photpho dang manh; OP: photpho hoa tan.

So dd mang sdng md phong dién bién chat lwong nudc trén hé théng song Nhué — Day
dugc trinh bay ¢ Hinh 3 dudi ddy. Pau vao cho cac mddun thily luc HD, tai khuyéch tin AD
va Ecolab caa m6 hinh s6 tri MIKE 11 bao gé)m: mang ludi song, dir liéu mat cit song, dir
liéu bién, théng s6 hé s6 nham (MIKE 11 HD); luu luong, ndng dd cac chat 6 nhiém va vi tri
ngudn thai, bd thong sb cta cac moédun tai khuéeh tan (MIKE 11 AD) va sinh thai (MIKE 11
Ecolab). Hé théng song bao gém cac song Pay, Nhué, Tich Bui, Hoang Long, Chau Giang
v6i tong chibu dai 1a 434 km va s6 mat cat 1a 179 mat cat (Bang 1). Bién trén ctia mé hinh 1a
luu luong tai cac vi tri Chi Thuy, dap Day, céng Lién Mac, Hung Thi va Chau Giang. Bién
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dudi cua hé théng la muyc nudc tai tram thuy van Ninh Binh. Céc yéu td chat luong nudc
dugc mo phong bao gom BODs, NH4_N, NO3z_N, DO va nhiét do.

San Bip

i Cang Litn
9; Mac
Chi Thay | -
| Y Y
® h J
)
h J
‘ w
a . o =8
v Song Tich Bai v n:lg
=
5
Tg_’ v
ﬂ=ﬂ .
\ Y
Vin Binh ¥ ¥ BDing Quan
Hung Thi Y
Y
Pha I Ha Cong Than
® Nam I ¥ - o
Siéng Chin Glang
Y
v Song Hoang Long o Cin Giin Ch thich:
- Khiu @ Bién trén
B Bién dwndi
¥ Biém nhip luu
[ =  Séng

Ninh Binh

Hinh 3. So d6 thay luc luu vuc song Nhué-Day.

Bang 1. Mang lu6i song, s6 lugng mit cit trén cc song.

STT Tén séng Chiéu dai (m) S6 mit cit 1
1 Séng Pay 168.858 90
2 Song Nhu¢ 73.755 43
3 Séng Tich Bui 101.888 20
4 Song Chau Giang 27.688 11
5 Séng Hoang Long 61.589 15

Nguén: 1Vién Khoa hoc Khi tuong thuy vin va Bién d6i khi hau.

2.2.2. M6 hinh tri tué nhan tao

M0 hinh Al xay dung quan h¢ h01 qui y=f(p,xi) trong d6 Xi 1a bién dy bao (luu luong,
nong do cac chat 6 nhiém tai cac nguodn thai, luu lugng nudc song tai bién trén), y 1a bién phu
thuc (Néng do BODs, DO, Amoniac, Nitrate tai mot s6 diém kiém soat trén song Nhug—
Pay), p 1a tham sb cua phuong trinh hdi qui s& dugc xac dinh trong qué trinh huan luyén
(training) str dung cac thudt toan tri tué nhan tao. Trong nghién ctu ndy, thuat toan mang hoi
quy Multilayer Perceptron (ANN-MLP) da duoc st dung [10]. ANN —MLP la mét thuat toan
hoc may c6 giam sat (Machine Learning) thuoc 16p Mang no-ron nhan tao, la tap hop cua
cac perceptron chia lam nhiéu nhom, méi nhom twong Gmg véi mot layer [10 12]. Céc layer
nay dugc ket ndi hoan toan voi nhau: M&i nut & ting layer déu két ndi véi tit ca cac nit cia
layer Kké tlep. Mbt neuron nhan tao (con duoc goi la percepton) 1a mot ham bién dbi toan hoc
nhan mot hoic nhiéu dau vao da duoc nhan véi cac gia tri goi 1a “weights”, cong cac gia tri
d6 lai vi nhau thanh mot gié tri duy nhat. Sau do gia tri nay duoc dua vao mot ham phi tuyén
(duogc goi 12 activation function) va két qua ctiia ham nay chinh 1a dau ra caa neuron [10-11].
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Input layer Hidden layers Output layer

Hinh 4. Minh hoa mang hdi quy Multilayer Perceptron (ANN-MLP): Input layer (16p dau vao),
Output layer (16p dau ra) va Hidden layers (cac 16p an).

Cac md hinh dugc xay dung tir cac thuat toan tri tué nhan tao boi viéc huan luyén di
liéu. Qua trinh huén luyén dix liéu trong md hinh nham xéac dinh cac tham sé, c6 méi lién hé
chat ché vai s6 liéu dugce dua vao huan luyén. Trong khi d6, qua trinh kiém dinh s& danh gia
mirc d¢ tin cay cua md hinh. Céc thuat toan dugc lya chon trong ting mo hinh twong tng
nham tim ra md hinh phi hop véi nghién ciu. Lua chon phuong phap tdi wu phu hop trong
md hinh véi muc dich tang d6 chinh xéac caa mé hinh. Céc thdng sé trong md hinh s& duoc
xac dinh bang céch tinh ton va thir sai. Higu chinh cac thong sd cua mo hinh déi vai khu
vuc sao cho két qua tinh toan phu hop véi s6 lidu thuc do. St dung hé sb trong quan (Rz) dé
danh gia hiéu qua md hinh tri tué nhan tao so voi két qua tir md hinh MIKE 11. Chi s6 nay
phan anh muic do giai thich cua céc bién doc lap ddi voi bién phu thudc trong md hinh hoi
auy [13]. | | |

S6 liéu mod hinh bao gobm dir liéu huyén luyén va kiém tra, dugc phan chia véi ty 1€ 90%
dit liéu str dung cho huan luyén, 10% dit liéu str dung cho kiém tra.

Trude khi dua vao mo Al dé huan luyén, tap dir liéu s& dugc phan tich thanh phan chinh
PCA dé tim ra dugc cac thanh phan ¢ twong quan t6t véi md hinh. D6i vi mdi thanh phan
chét luong nudc tai moi diém, tim ra dugc mot bo dir liéu huan luyén riéng sau khi da loai
bo cac thong s6 ¢6 tuong quan thép. Viéc loai bd gia tri ngoai lai dugce thuc hién bdi phuogn
phpas Standard Scaler dya trén phuong sai don vi.

Céc tham s duoc hiéu chinh cia mang no—ron hdi quy nhiéu 16p MLP bao gom:
hidden layer sizes (s6 16p an), activation (ham kich hoat), solver (b t6i uwu hoa),
learning_rate (tdc do hoc). Str dung phuwong phap thir sai, nghién ctru da xac dinh dugce cac
tham s6 nay nhu sau: s6 16p 4 an duoc cai dat 1a 100, ham kich hoat 1 ham relu, bo toi uu hoa
la adam, toc d6 hoc 1a constant [12, 14-16].

2.2.3. Xay dung tap dir liéu cho mo hinh tri tu¢ nhan tao tr mé hinh MIKE 11

M6 hinh Al yéu cau mét luong 16n dit liéu dé huan luyén va kiém dinh md hinh trong
khi chudi s6 liéu do dac trén hé théng song Nhué—Day tuong ddi ngan, khong du dé xay dung
mot mo hinh AI du tin ciy. Do d6 nghién citu & str dung mé hinh MIKE 11 & chay mé hinh
véi cac kich ban khac nhau dé tao tap dit liéu cho mé hinh Al. Trong mé hinh Al, cac bién
dau vaobao gom: luu lrgng, BODs, DO, Amoniac, Nitrate tai cong Lién Mac, Ha Pong, Cau
T6, Dong Quan (luu vyc song Nhué) va dép bay, Song Phuong, cau Mai Linh, cau Ba Tha
(luu vue song Pay). Cac bién— mo phong bao gom: ndong d6 BODs, DO, Amoniac, Nitrate tai
cac i tri klem soat Phlc La, cau Chiéc, Pong Quan (luu vuc song Nhug) va cau Mai Linh,
cau Ba Tha, cau Té Tiéu (luu vuc song Dady). Nghién ctru da tao mot chudi céc sb liéu dau
vao cho cac bién mo phongtheo nguyén tic sau:

- Céc tham sé chat luong nuéc BODs, Amoniac, Nitrate dwoc tao ra ngau nhién trong
khoang tir gi4 tri can dudi 1 cac chi tiéu chat lugng cho cot B1 cia QNVN MT-08/2015—
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BTNMT (du tiéu chuan cho muc dich tudi tiéu, thuy loi) va can trén la gia tri gip doi ham
lwong chat 6 nhidm hién tai.

- Tham s DO dao déng ngau nhién trong khoang can trén la gia tri tai cot B1 cia QNVN
MT-08/2015-BTNMT va can duéi 1a ntra gia tri DO tai thoi diém hién tai.

- Nhiét do tai tit ca cac ngudn thai duge duoc tao ngau nhién trong khoang 15-35°C.

- Luu lwong nuée séng, nghién ciu xem xét bién d6i cua luu lwong nudc tai cac bién
dap Day trén song Day va cdng Lién Mac trén sdéng Nhué. Luu lugng dugc tao ngiu nhién
dao dong trong khoang tir 3-7 md/s tai dap bay, trong khi do gia tri nay dao dong trong
khoang tur 5-60 m?/s tai cong Lién Mac. Cac yéu tb chat lugng nudc tai 2 bién nay dugc giir
¢o dinh nhu diéu kién hién trang.

Dé c6 duogc co so dir liéu du 16n, nghién ctru da tao ngau nhién chudi sé liéu gdm 6872
dir liéu (dir liéu thiry van, cac bién chat lwong nudc: nhiét d6, ndng do BODs, Amoniac,
Nitrate , DO) véi budc thoi gian 1a 1 ngay. Ngoai trir cac vi tri diéu chinh nay, cac vi tri khac
khong dugc xem xét trong nghién ciu nay.

3. Két qua nghién ctru

3.1. Két qua md phong chdt leong nweéc bang méd hinh MIKE 11

Theo khong gian: trén song Nhu¢ nude song bi anh huong rat 16n boi nude thai sinh
hoat, cong nghiép, néng nghiép cua thanh ph6 Ha Noi. Vé mua can chat luong nude phu
thudc vao ché do van hanh céng Lién Mac, che d6 x4 nuwéc dap Thanh Liét va ché do lay
nude tudi cua he thong thuy nong. Vé mua 1i, cong Lién Mac thuong dong, nudc song Nhug
chi yéu 1a nue thai tir thanh phd, nude mua, nude tidu nong nghiép, ngudn nudce bi 6 nhiém
nhung dugc bom thoét ra song Pay. Chat lwong nudc song Day thay doi tht thuong va phu
thudc chi yéu vao chét lugng nudce thai tir sinh hoat, cong nghiép, néng nghiép, ling nghé
xudng cac kénh muong, séng ndi dia, sau d6 d6 don vao séng Pay doc theo song.

Véi ngudn s liéu thuc do ndng do cac chat tai cac vi tri doc sdng, viéc hiéu chinh mo
hinh dya trén viéc thay d6i hé sb triét giam cho timg doan séng tng véi mdi vi tri xa thai.
Qua trinh hiéu chinh théng sé md hinh dwa trén su phi hop gitta tinh toan va thuc do tai cac
tram kiém tra, cu thé 1a su ph hop Vé gia tri nong do chat luong nuéc.

Viéc hiéu chinh théng sé md hinh chat lugng nudc Ecolab ciing can duwa trén su tuong
ddng giira s liéu tinh toan va thuc do tai cac vi tri quan trac; vai viéc hiéu chinh md hinh
duogc thuc hién chu yéu thdng qua viéc thay doi cac bién trang thai, hé s khuyéch tan va cac
chi s6 sinh thai Ecolab cua cac chét 6 nhiém.

Tir két qua hiéu chinh mé hinh (Hinh 5) cho két qua mé phong thuc do va tinh toan tai
Dap Phung cho thay ndng do cac chét giira thuc do va tinh toan chénh léch khdng nhiéu.
Nong do Amoni, va BODs sai s6 khong dang ké, nong ¢6 DO va Nitrate md phong cao hon
thuc do véi sai s6 tuong ddi 11-26%. CG thé thay két qua md phong ciia mé hinh chat luong
nudc 1a twong doi phii hop khi tinh toan lan truyén ddi véi DO, BODs, Amonia (NHs*) va
Nitrate (NOs). Nhin chung c6 nong do 3 thong s6 DO, Amoni va BODs so véi quy chuan Ay
déu vuot ngudng quy dinh, chi c6 ndng d6 Nitrate khong vugt nén khong duoc sir dung cho
muc dich cap nudc sinh hoat. V&i muc dich sit dung cho muc dich tuéi tiéu va giao théng
thity duge dap (ng tai mot sé vi tri cho ndng do6 cac chat khac nhau.
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Két qua tinh toan va thwe do ndng d6 DO doc song
Nhué Pay thang 11/2017
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Két qua tinh todn va thue do néng do Amonia doc
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Hinh 5. Néng d6 DO, Amoni, Nitrate, BODs thuc do va tinh toan giai doan hi€u chinh thang 11/2017

tai cac vi tri doc song Nhué Pay.

Két qua tinh toan va thue do nong 4o DO tai cdc vi tri doe song
Nhué Bay thang 9/2019 va 9/2020
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Hinh 6. Néng d6 DO, Amoni, Nitrate, BODs thuc do va tinh toan giai doan kiém dinh thang 09/2019

va thang 09/2020 tai cac vi tri doc song Nhué Day.

Hinh 6 biéu dién két qua mé phong cho thay theo cac vi tri quan trac, gié tri nong do6 DO
séng Nhué Pay déu nam trong giéi han B, QCVN 08:2015/BTNMT [20]. Bién dbi theo
khdng gian cho thay nong do DO tai song Pay t6t hon so v&i sdng Nhué. Xét theo bién doi
theo thoi gian, ndng do DO thang 9/2020 ting cao hon thang 9/2019 nhung van chi nim &
muc Bo, mot s6 Vi tri trén song Pay dat mac A, (Pap Phung) va Bi. Giai doan thang 9/2020,
nong d6 DO sdng Nhué ting cao tai ciu Chiéc (70%), nhitng vj tri khac ting tir 4-56%, déu

nam trong mac Bi.
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Nong d6 amonia tai song P4y phan Ién nam trong mac Bz, nhung tai s6ng Nhué vuot
ngoai muc By rat nhiéu lan tai Phic La—Ha Pong va cau Chiéc. So sanh nong do amonia
trong 2 thoi doan thang 9/2019 va thang 9/2020 trén cac vi tri doc song Nhu¢ Day cho thdy
su chénh Iéch gitra 2 thoi doan cao nhét tai cau Chiéc trén séng Nhué voi mie ting 12,3 mg/l,
sau do 1a cdng Lién Mac, ting 9,1 mg/l. Tuy nhién, xét su sai khac giita tinh todn va thuc té
giira 2 thoi doan cho thdy mé phong chat luong nudc trong thang 9/2020 cho két qua tét voi
sai sd twong ddi giita thuc do va tinh toan cao nhit chi 24% tai Bong Quan, con lai tai c4c vi
tri khac dé cho két qua sai s6 dudi 20%.

Trong thang 9/2020 tai cau Mai Linh, ndng do thai nitrate cao gap 3,3 lan so véi cing
ky ndm trudc, diéu nay cho thay tai day xuit hién luong Xa thai cao danh ké gay 6 nhiém
ngudn nudc nghiém trong. Nguoc lai, tai Dong Quan, ndng do thai nitrate cang ky thang 9
nhung nim 2020 giam di rat nhiéu, dwa chét lugng nudc song dang ttr vugt muc Az vé dudi
muc Al, cho thay da c6 nhitng bién phap can thiép gitp bao vé nguon nudc khu vuc nay.
Panh gi4 sai s6 trong ddi gitra nong d¢ nitrat tinh toan va quan trac nhan thady mé hinh mo
phong cho két qua tuong doi tot. Sai s6 twong ddi giira tinh toan va thyc do ky thang 9/2019
cho sai s6 dudi 20%; trong khi d6 thang 9/2020 cao nhat ciing chi 21%. Véi két qua nay,
nghién ctru da lua chon dugc bo thdng s6 phi hop dé md phong cho cac thoi doan khéc trong
luu vuc song.

Trén céc vi tri sdng Nhug, tai Phic La—Ha Pong va Cau Chiéc, ndng do BODs cao gap
nhiéu 1an hang B2, do vay can c6 cac bién phap cai tao nguén nudc. Tai cau Chiéc, nong do
BODs thoi doan thang 9/2020 giam hon 50% so véi cung ky ndm 2019, cho thay nén co
nhitng co ché han ché ngUOn thai va lam sach ngUOn nu6c song s gidp cho chat luong nudc
song duoc cai thién dang ké. Xét sai s6 twong ddi giita két qua mé phong va thuc do nhan
thiy mé hinh mé phong thoi doan thang 9/2020 (sai s6 twrong dbi (SSTD) max = 28% tai cau
Mai Linh) tot hon thang 9/2019 (SSTD = 22% tai Dong Quan). Tuy nhién két qua md phong
nay twong d6i hop Iy va cé thé sir dung md phong cho céc vj tri trong cac thoi doan khac trén
luu vyc Song Nhué Pay dé danh gia chat luong nudc song, qua dé tim cac giai phap gidp cai
thién ngudn nude séng tét hon.

3.2. Két qua md hinh tri tué nhan tgo Al

Qua trinh huan luyén dugc danh gia bai cac hé sé twong quan R? thé hién mirc d6 tin cay
cua két qua huan luyén tir md hinh Al trong nghién ciru (ANN-MLP). Bén canh d6, mirc d6
tin cay cling duoc danh gia thong qua chi s6 Nash (NSE). M6 hinh mé phong tinh toén tai
cac diém: Phic La, cau Chiéc, Pong Quan (luu vuc sdng Nhué) va cau Mai Linh, cau Ba
Tha, cau Té Tiéu (luu vuc séng Pay). Bang 1, Hinh 7 va 8 trinh bay két qua kiém dinh mo
hinh AI trong ng véi cac tham s6 nay.

Bang 1. Hé sb twong quan R chi s6 NSE so sanh két qua tir mo hinh MIKE 11 va M6 hinh Al

BOD:s DO NH4* NOs
Vi tri
: R? NSE R? NSE R? NSE R? NSE
CAu Mai Linh ~1,00 0,98 0,98 0,98 0,98 0,98 0,98 0,96
CAu Ba Tha 0,99 0,99 0,98 0,98 0,97 0,97 0,98 0,98
CAu Té Tiéu 0,98 0,97 0,99 0,99 0,98 0,99 0,98 0,99
Phic La ~1,00 0,98 0,98 0,98 0,99 0,98 0,98 0,97
Ciu Chiéc ~1,00 0,98 0,99 0,99 0,99 0,96 0,99 0,99
DPdng Quan 0,99 0,99 0,98 0,98 0,98 0,98 0,98 0,98

CauCbng Than 0,99 0,98 0,98 0,99 0,99 0,98 0,98 0,99
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Néu phan bién thién do phan du cang nho, nghia 13 khoang cach tir cac diém quan sat
dén duong wdc lugng hdi quy cang nho thi phan bién thién do hdi quy s& cang cao, khi d6
gia tri R? s& cang cao. Két qua thu duoc tir qué trinh huan luyén & tat ca cac tram dat gia tri
R? tir 0,98 dén ~1 cho thay kha ning du bao cua md hinh Al gan sét véi két qua tir md hinh
MIKE 11. Chi s6 NSE ciing dat két qua tin cay cao lan luot tir 0,96 dén 0,99.
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Hinh 7. Tuong quan giita két qua mé phong tir moé hinh MIKE 11 va Al tai diém Cau Mai Linh—
song Pay: (a) Nong do BODs; (b) Nong do DO; (c) Nong d6 NH4*; (d) Nong do NO3~.

Hinh 7 va Hinh 8 so sanh két qua chit lugng nuéc tir mé hinh MIKE 11 va mé hinh Al
tai hai tram Cau Mai Linh va Cau Cong Than. Két qua cho thay viéc dy bao tir Al gan nhu
tring lap véi két qua tir mé hinh MIKE 11. Trong dé, théng s6 BOD5 ¢ do hdi quy tét nhat,
c6 két qua tot nhat.
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Hinh 8. Twong quan giira két qua mo phong tir mé hinh MIKE 11 va Al tai diém Cau Cong Than —
song Nhué: (a) Nong d6 BODs; (b) Nong do DO; (c) Nong do NH.*; (d) Nong do NOs-.
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Véi két qua duogc cho 1a tin cay, mo hinh Al cho phép du bdo chat lugng nudc mit luu
vuc sdng Nhué—Day thay cho mé hinh MIKE 11 nham thuc hién du bao chit luong nudc mat
cho Iuu vuc sdng cho céc kich ban trong twong lai. Pay la 1a cong cu thuc hién du bao vai
tdc d6 nhanh chéng, thuan lgi cho thanh phd Ha Néi trong viéc quan 1y ciing nhu dua ra cac
chinh sach phu hop.

4. Két luan

Bai bao da thu dugc céc két qua chinh va noi bat nhur sau:

- Su dung phuong phép st dung mo hinh s6 tri MIKE 11 két hop véi md hinh tri tué
nhan tao md phong chat luong nudce song tuong dbi tét.

- Md hinh trf tué nhan tao mang hoi quy Multilayer Perceptron (ANN-MLP) di dugc ing
dung dé md phong ndng d6 BODs, DO, Amoniac, Nitrate trén luu vyc song Nhué—Pay. Két
qua thu duoc tir qua trinh huan luyén ¢ tat ca céc tram dat chi s6 R?tir 0.98 dén ~1 cho thay
kha ning du bao caa md hinh Al gan sét vai két qua tir md hinh MIKE 11. Véi két qua dugc
cho 1a tin cay, mé hinh Al cho phép mé phongchat lugng nude mit luu vie song Nhué—Day
thay cho mé hinh MIKE 11 dong thoi 1a co s¢ dé xay dung mot md hinhdu béo chét luong
nu6dc Mat cho luu vuc séng cho céc kich ban trong tuwong lai. Pay 1a cong cu thuc hién du
bao vai toe do nhanh chéng, thuan loi cho thanh phd Ha Noi trong viéc quan 1y ciing nhu
dua ra cac chinh sach phu hop.

- M6 phong chét luong nude trén luu vue song da danh gia dwoc tinh trang chat luong
nudce nhu sau: chit lugng nudce luu vuc sdng van chua duoc cai thién rd rét, xuat hién tinh
trang gia tang 6 nhidm cuc bd; chat luong nudc song Nhué doan chay qua doan Phic La— Ha
DPoéng dén ha ngudn sdng phan xuyén & mac kém, tai mot s6 thoi diém con xay ra tinh trang
6 nhiém nghiém trong va it chuyén bién giita cac muia trong nam; chat lugng nude séng Day
nhin chung & muc trung binh, 6 nhiém cyc bo tai khu vyc cau Mai Linh. Nuéc song Nhué
chu yeu chi dap tmg dugc cho muc giao thong thuy va cac muyc dich twong duong khac, trén
song Day tai mot s6 Vi tri dugc st dung thém cho muyc dich tudi tiéu. Do do, can co céc giai
phép khic phuc tinh trang & nhidm ngudn nude luu vuc sng.

Ngoai nhitng két qua da dat duoc, do han ché vé thoi gian nén viéc méd phong céc théng
s6 lugng nude khac: Photpho, Coliform, Ecoli, chua dwgc tién hanh dé danh gia tdng quan
hon vé chat lugng nuéce luu vuc song. Pong thoi, nhém tac gia dinh huéng nghién cau dy
bao va kiém soat ngudn 6 nhidm chét lugng nude cho ngudn nude luu vuc sdng Nhué-Pay
noi riéng va hé thong séng ndi chung s& duogc thuc hién trong cac nghién cau tiép theo.

Pong gop cia tac gia: Xay dung y tuong nghién ctru: T.A.P.; Lua chon phuong phap nghién
cou: T.A.P., N.-T.T.; Xt ly s0 liéu: T.A.P., H.T.A., T.T.N.; Viét ban thao bai bao: T.A.P.,
H.T.A., T.T.N.; Chinh sua bai bao: T.A.P., N.-T.T., H.T.A, T.T.N.

L&i cam on: Nghién ciu duoc thyc hién béi sy tai trg cua dé tai nghién ctru khoa hoc thugc
chuong trinh nghién ctru tng dung va phat trién cong ngh¢ cap thanh pho ma sb dé tai 01C-
09/01-2020-3, dé tai nghién cau tng dung va phat trién cong nghé cap Québc gia, ma sb
DTPL.CN.18/21 va dé tai “Panh gia hiém hoa ngap lut d6 thi Ha Noi trong diéu kién khi
hau hién tai va twong lai” duoc tai tro boi VLIR-UOS, mé sé VN2019SIN267A101.

L&i cam doan: Tap thé tAc gia cam doan bai bao nay 1 cong trinh nghién ciru ciia tap thé tac
gia chua duoc cong bd & dau, khéng dugc sao chép tir nhitng nghién ciu trude day; khong
c6 sy tranh chap loi ich trong nhom téc gia.
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Research on combining hydraulic model and artificial
intelligence model to simulate water quality of Nhue — Day river
in Ha Noi City
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Abstract: The Nhue-Day river basin is well-known by its critical water quality, causing
negative impacts on locals’ health as well as landscape and environmental storage in recent
years. The study develops artificial intelligence (Al) model to simulate the water quality of
Nhue—Day river, based on the results of hydrodynamic simulation and water quality in the
hydraulic model MIKE11. The input data include: topography, hydrological, and discharge
data at monitoring locations to simulate river water quality. The Al model with MLP — ANN
algorithm builds a regression relationship between river water flow and concentration of
discharge sources (predictor variables) with water quality indicators (dependent variable) to
forecast river water quality at control locations under different control and waste
management scenarios quickly. The results from the Al model are close to the results from
the MIKE 11 model with an R? index of 0.98 or higher, with simulation time being
thousands of times faster than hydraulic model, which is an effective tool, allowing to get
water quality forecast quickly. This study provides management tools for managers to
quickly assess the impact of solutions to planning, managing, and controlling water
pollution in the Nhue—Day river basin.

Keywords: Water quality; Nhue—Day river basin; MIKE 11 model; Artificial Intelligence
model; MLP—ANN.
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