BAI BAO KHOA HOC

NGHIEN CUU PANH GIA VA DU BAO DIEN BIEN CHAT LUQNG NUGC
SONG PUONG BANG PHUONG PHAP MO HINH TOAN

Trinh Xuin Manh', Nguyén Ha Anh', Nguyén Tién Quang'

Tém tit: Trong bai bdo nay, mé hinh todn thity dong hec hoc mot chiéu MIKEII véi hai mé dun
thity hee va sinh thdi da dwoc dp dung dé mé phong danh gid chat wong niede séng Pudng cho giai
doan hié¢n trang va du bao chat lwong nuoc trong twong lai dva trén cac kich ban khac nhau. Nhom
tac gia sw dung bo 6 liéu dau vao gém dia hinh, s6 liéu thuy lyc, thuy van va chat lwong nuoc thuc
do cdc nam 2013 va 2014 dé hiéu chinh va kiém dinh mé hinh. Sau d6, sir dung b théng sé da hiéu
chinh dé mé phong duw bao chat lwong nwoc dwa trén dwa trén sy thay doi tai lwong thai va luu
lwong nude & thwong nguon. Két qua mé phong chdt heong nwée cho hai chi tiéu DO va BODjs
trong twong lai dwoc so sanh ddanh gid véi qui chudn méi truong nuwée mdt (QCVNOS:
2015/BTNMT). Nhin chung, tai mét sé vi tri nghién cieu chat heong mede séng nam trong gidi han
cho phép ciia QCVN. Tuy nhién, tai mét sé vi tri khdc thi déu khéng dam bdo nguon cdp nude loai
A2 theo qui chudn nhung vin dam bdo & mirc Bl.

Tir khoa: Chét luong nude, song Pudng, MIKE 11 HD va MIKE 11 Ecolab

1. PAT VAN DE

Tinh Bac Ninh dang trong thoi ky phat trién
cong nghi€p va do thi hdéa. Bén canh nhiing
thanh tyu do phat trién kinh té-xa hoi (KTXH)
thi tinh trang 6 nhiém do nhirng mit trai ctia cic
hoat dong trén gdy ra dang & muc bao dong.
Moi truong noi chung va méi trudng nudc nodi
riéng trong khu vugc dang bi 6 nhiém nghiém
trong gdy anh huong dén sic khoé ngudi lao
dong, dan cu ciing nhu dén hé sinh thai canh
quan trong vung (Ngoé Xuan Hau, 2015).

Céc tac dong manh mé& nhét dén moéi truong
phéan Iru séng Pudng 13 do cac hoat dong phat
trién KTXH nhu hoat dong cua cac khu cong
nghiép, san xuét ling ngh¢, khu khai thac va ché
bién, cac tu di€m dan cu... Sy ra doi va hoat
dong cua hang loat cac khu cong nghi¢p, cac
hoat dong tiéu thu céng nghiép trong gan 100
lang nghé, cac xi nghiép kinh té qudc phong
cung voi cac hoat dong khai théc, canh tac trén
hanh lang thoat 1ii, chat thai bénh vién, trudng
hoc... lam cho moéi truong no61 chung va moi
trudng nudc ndi riéng ngdy cang bi 6 nhiém (Bo

" Truong Pai hoc Tai nguyén va Méi truong Ha Nji

Tai nguyén va Méi truong (BTNMT), 2006).
Trudc hién trang d6, vin dé dit ra 1a phai co
gidi phap quan ly thich hop, nhanh chong va
hiéu qua nham kiém soat va giai quyét hop ly
van dé méi trudng, dic biét 13 moi truong
nude.Trong nhitng nim gan day, voi su phat
trién ciia cong nghé thong tin ciing nhu khoa
hoc k¥ thuét, caic mo hinh toan Gmg dung trong
linh vuc md phong dic tinh thiy luc va chat
lwrong nudc ngdy cang phd bién va phat trién
nhu: HEC, MIKE, VRSAP, ISIS... Véi mot s6
wu diém ndi bat (vi du, cho két qua tinh toan
nhanh va linh hoat trong viéc thay doi cac kich
ban) mo hinh toan dang tré thanh moét trong
nhiing cong cu phuc vu dic luc cho cong tac
quan 1y tai nguyén va moi truong (Phan Viét
Chinh, 2011). Trong do6, bd m6 hinh MIKE dugc
nghién ctru va phét trién boi Vién Thuy Luc Pan
Mach d3, dang va s& duoc Gmg dung nhiéu trén
thé gio1 va dac biét tai Viet Nam. Do vay,
nghién ciu da Iya chon bo moé hinh nay nham
thuc hién muc ti€u: (i) danh gia kha nang Ung
dung ciia phan mém thay Iyc 1 chiéu (MIKE 11
Ecolab) cho séng Pudng; va, (ii) Panh gia va du
béo chét lwong nude theo thoi gian trong didu
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kién hién tai va du bao lan truyén 6 nhiém theo
cac kich ban vé phat trién ciing nhu sy thay doi
cua dong chay thuong ngudn.

2. PHUONG PHAP NGHIEN CUU

2.1 M6 hinh thiy dong luc MIKE 11

MIKE 11 do Vién Thuy luc BDan Mach (DHI)
phét trién, 13 mot gbi phan mém dung dé mo
phong dong chay, chat lwong nudc va véan
chuyén bun cat ¢ cac ctra séng, song, kénh tudi
va cac thuy vuc khac. M6 dun thuy dong luc la
phdn quan trong nhit trong bd moé hinh
MIKEI11, dugc xdy dung tr hé phuong trinh
Saint - Venant cho dong mot chiéu, khong on
dinh (DHI, 2009).

Phuong trinh lién tuc:

0A  0Q
G S 1
ot " Ox M
Phuong trinh dong luong:
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Trong do6: Q: Luu lugng (m3/s); A: Dién tich
mat cit (mz); q: Luu luong nhap luu trén mdt
don vi chiu dai doc song (m2/s); C: Hé sb
Chezy; a: Hé sb stra chira dong luong; R: Ban
kinh thuy lyc (m).

MIKE11 1a chuong trinh tinh thuy lyc cé thé
ap dung voi ché dong song dong luc hoan toan &
cap do cao. Trong ché do nay MIKE 11 c6 kha
ning tinh toan v&i dong chay bién doi nhanh,
lvu Iwgng thuy tridu, song I, 1ong dan c6 do
dbc 16n. Cac tng dung ctia md hinh nay lién
quan dén chat luvong nude bao gdbm: Nghién ciru
truyén tai vat chat mot chiéu nhu qua trinh xam
nhdp man, chét lwong nudce, hién twong phi
dudng trong song.

2.2 M dun chit lwgng nuwéc

M6 dun truyén tai khuéch tin AD: Trong
MIKE11, qua trinh truyén tai khuéch tan mo ta
bang phwong trinh (DHI, 2009):

@+@_ELAD5_CJ:_AKC+C q 3)
o  ox  oax\ X 2

Trong d6: A: Dién tich mat cit (m?); C: Nong
d6 (kg/m®); D: Hé s6 khuéch tan; q: Luu luong
nhap lwu trén 1 don vi chiéu dai doc song
(m?/s); K: Hé s6 phan huy sinh hoc, K chi dugc

dung khi céc hién twgng hay qua trinh xem xét
c6 lién quan dén cac phan tmg sinh hoa.

Phuong trinh tai khuéch tan phan 4nh hai co
ché van chuyén: (1) Qua trinh van chuyén chat
do dong chay (advection); (2) Qua trinh khuéch
tan cac chat do dong chay rdi (turbulent
diffusion).

Mo dun sinh thdi Ecolab: M6 dun sinh thai
trong mo hinh MIKE11 m6 phong céc qua trinh
bién doi sinh-hoa cia chét luong nudc trong
song. M6 dun nay phai dugc di kém v6i mé dun
thuy lyc va tai khuéch tan mo phong qué trinh
truyén tai va khuéch tan ctia cac hop chat do.

Tir viéc chuyén héa giita cac hop phan trong
nuée, co thé xac dinh duge cac cong thirc tinh
toan toc do bién doi nong do cac hop phan sinh
héa do sy chuyén hoa giita chting trong mé hinh
MIKE 11. Cong thuc tinh toc do bién d6i ndng
d6 DO va BOD nhu sau:

di—?o = REAERATION +
PHOTOSYNTHESIS — RESPIRATION -
BODdecay (4)

d(;% = BODdecay + RESUSPENTION
— SEDIMENTATION (5)

Trong d6: RESUSUSPENTION 1 tc dd
trao doi lwong BOD tir day vao trong nudc do
qua trinh khudy vat chat dudi day;
SEDIMENTATION 1a téc d6 trao doi luong
BOD tir trong nuéc xudng day do qua trinh ling
dong; BODdecay 14 toc do mat luong 6xy do
O0xy tham gia vao qua trinh phan hay BOD;
PHOTOSYNTHESIS 1a téc d¢ sinh ra luong
oxy do quang hop cua thyc vat; RESPIRATION
1a téc d6 mat di lwong 6xy do hd hip caa sinh
vat, REAERATION la luong 6xy trao doi giita
nude va khong khi.

2.3 Thiét 1ap mé6 hinh

Céc sb liéu dau vao can thiét cho phan thay
lyc cia mo hinh gdm: - Di lidu dia hinh: S6
liéu thuc do vé& mit cit ciia doan song dugc mo
phong (duoc tham chiéu dia Iy cu thé); - Piéu
kién bién: Bién trén la chudi gia tri luu lugng
tinh toan theo thoi gian tai tram thuy van Son
Tay; bién dudi l1a chudi gia tri muc nude thuc
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do theo thoi gian tai tram thuy van Ha Noi va
Bén HO.
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Hinh 1. So do héa mang séng Pudng trong
mo hinh MIKE 11

Ngoai ra, cac sd liéu can thiét cho mé dun
chét luong nude gdm:

- Piéu kién ban dau: Nong do thuc do ban
dau coa cac bién chét lwong nudc trén doan
song (DO va BODs) tai cac bién va cac diém
quan trac doc theo song nhu tai Thén Pinh, Bén
Do Tri Phuong, Thon Dén, Pha Ho va Cau Ho.

- Tai lwong gia nhap: Tai lugng thyc do cua
cac thong sb chéat luong nudc tai mot s6 vi tri
turong tng véi cac cong thai nhu cia KCN Pai
Pong va Cum CN Tan Chi...

2.4 Hié¢u chinh va kiém dinh mé hinh

Mo hinh duogc hiéu chinh dya vao (i) b sb
liéu thay luc; va (i) bd sé lidu chat lwgng nude
(ndng d6 DO va BODs) thuc do tir ngdy
1/10/2013 dén ngay 31/12/2013 bang cach thay
ddi cac thong sd trong mé hinh gom hé s nham

thiy lvc Manning’s n trong phan mé phong thuy
luc, hé s6 khuyéch tan D va cac thong sb khac
trong phan mo phong chat lugng nude. Viée
chon théng s6 mé hinh duoc thuc hién bing
phuong phép thir sai cho dén khi két qua mo
hinh duoc danh gia 1a phu hop voi két qua thuc
do. Sau d6, mo hinh duoc kiém dinh bang bo dir
licu thuy lyc va chét luong nudc thyc do tur
ngay 1/2/2014 dén ngay 30/4/2014.

2.5 Xay dung cac kich ban du bao chat
lwgng nude

Viéc xay dung cac kich ban (KB) cho mo
hinh dua trén sy thay doi tai lwong thai va luu
lwong nude & thuong ngudn (bang 1). Trong do,
- KB 1: (i) Luu lugng thai tang 70% trong gia
dinh ¢6 sy mé rong quy md san xuit cua 3 nha
may; (ii) Luu luong nuéc thuong ngudn ting
10% va 20% vao mua mua va giam 10% va
20% vao mua khd. - KB 2: Kich ban dugc xay
dung tmg voi viéc ap dung cong nghé xu ly
nudc thai duoc cai tién, nong d6 cua cac thong
s6 6 nhiém trong nudc thai sau khi xur 1y dat
QCVN 08:2015, cot B (ddi voi nudc thai cong
nghiép): (i) Luu luong thai ting 70% (giéng
kich ban 1); va, (i1) Luu luong nudc thuong
ngudn giam 10% va 20%.

Trong d6, chat lwong nuéc mod phong duoc
so sanh vé1i QCVN 08:2015 ¢ c6t Bl va A2
(Bang 2) dé danh gia mic d6 6 nhiém trén doan
song Pudng trong twong lai kh1 c¢6 sy thay doi
lvu Iwong nude tir thuong ngudn va su gia ting
tai luong thai.

Bing 1. Kich bin md phéng chit lwong nwéc song Pudng trong twong lai

Luu lwgng nwéc
Kich ban thwong nguodn Luru lwong va ndng dd thai tir cic nha may
Mua muwa | Mua khé
Kich ban 1 +10%; -10%; Luu lugng thai taing 70%
+20% -20% Nong do thai tir cac nha may khong thay d6i so véi kich
ban hién tai.
Kich béan 2 Luu lugng thai tang 70%
-10%; Nong do thai tir cic nha may sau xir Iy giam theo dung
-20% QCVN 08:2015
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Bing 2. Chi tiéu chat lwgng nuwéce lwa chon
dé so sanh theo QCVN 08:2015

Thongsé | Ponvi| QCVN QCVN
chit lwong loai A2 loai B1
nwoc
DO mg/l =5 =4
BOD5 mg/l 6 15

3.KET QUA VA THAO LUAN

3.1. Két qua tinh toan thiy e

Mo hinh MIKE 11 dugc hiéu chinh thong qua
viéc thay d6i hé s6 nham thuy Iwc chinh I
Manning’s n. Theo d6, voi hé sb nham thiy hrc
dao dong trr 0,025 — 0,035 myuc nudc md phong tai
tram Thuong Cat 1a rat phu hop véi thuc do (hinh
2). Két qua kiém dinh mo hinh (hinh 3) ciing cho
thdy su twong dong gitra hai dudng qua trinh tinh
toan va thuc do. Két hop danh gia bang chi tiéu
Nash theo cong thire dudi day (Alexakis, 2012):

> (Xo,i— Xs,i)’

Z (Xo,i — Xo)2
(6)
Trong do6: Xo,i: Gid tri thuc do; Xs,i: Gid tri

Nash=1-

tinh toan hodc mé phong; X0 : Gia tri thuc do
trung binh.

Nhan xét tai tram Thuong Cat cho thiy giira
duong tinh todn va duong thuc do twong ddi
bam sat nhau ca vé pha dao dong va gia tri dinh.
Chénh 1éch muc nudc 16n nhat va chénh léch
muc nude thip nhit gitra tinh toan va gia tri
thuc do khong dang ké. Sai s6 léch dinh tai cac
tram kiém tra nam trong pham vi cho phép. Két
qua tinh toan hé s6 NASH tuong ddi tot, dat tir
0,92 dén 0,94 cho cac ndm 2013 va 2014.

[meter] Time Series Waler Level
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Hinh 2. Két qua hiéu chinh mé hinh thiy hec
nam 2013 tai Thwong Cat

28102014

Hinh 3. Két qua kiém dinh mé hinh thity luc
nam 2014 tai Thwong Cat

3.2 Két qua tinh toan chit lwong nuwéc

Két qud hiéu chinh mé dun MIKEII
Ecolab: Thyc té co6 thé thay rang, chat luong
nudc trén song Pudng dang cd suy giam
dang ké. S6 liéu quan tric moi trudng trong
nam 2013 cho théay tit ca cac vi tri quan tric
gia tri DO van nam trong giéi han cho phép
ctia QCVN 08:2015/BTNMT. Két qua quan
tric cho thdy ham luwong BODs tai 5 vi tri
quan tric co gia tri dao dong tir 9,8 mg/l dén
14 mg/l; tuy ham lugng BODs vuot gidi han
cho phép cua QCVN 08:2015/BTNMT cot
A2, khong dap ting dugc muc dich st dung
cho viéc sinh hoat, nhung van dap tng dugc
muc dich tudi ti€u thuy lgi hodc cidc muc
dich st dung khac c6 yéu cau chat luong
nudc tuong ty theo QCVN 08:2015/BTNMT
cot B1 (hinh 4).

Két qua mo6 phong cac thong sd chat Iwrong
nude cho thdy co su twong dong vé xu thé 6
nhiém doc theo cac song (cac thong sd 6 nhiém
gia ting dan vé phia ha luvu song). Gia trj cac chi
tiéu mo phong ciing twong ddi sat so véi thuc
thé, sai s6 twong ddi dao dong trong khoang 8
dén 35%. Nhu vay, bo thong sé mo-dun EcoLab
gom rat nhiéu théng sé6 nhu KBOD (0,1 -1,5
l/day); Pmax (1.75 - 7.0 gO2/m?/day); Ry (1.0 -
5.0 g02/m¥day)... s& dugc dung dé kiém dinh
tiép tuc cho nam 2014.
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Hinh 4. Két qua hiéu chinh nong do DO va BODs tai mét sé vi tri vao 10/2013

Két qua kiém dinh mé dun MIKEII Ecolab:
Thoi diém quan tric thang 2/2014, gia trj DO tai
cac vi tri quan tric van nam trong khoang gioi
han cho phép cua QCVNO08-2015; ham luong
BODs vugot QCVN 08:2015/BTNMT cot A2
nhung van nam trong giéi han duoc phép cua
QCVN 08:2015 ¢ot Bl (hinh 5). Két qua md
phong kiém dinh chét lugng nudc cho thay co
su twong dong vé xu thé bién ddi cua cac chi
tiéu doc theo song tir thuong ngudn dén ha luu

—— QCVN 08:2008 A2 QCVN 08:2008 B1
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trong pham vi mé phong thuy luc. Sai sb twong
ddi gitra két qua thuc do va tinh toan dao dong
tir 21 dén 28%. Két qua nay cho thiy co su
chénh léch dang ké khi sir dung mo hinh dé mo
phong. Tuy nhién c6 nhidu nguyén nhan dan
dén sy sai léch nay, trong d6 mot trong nhiing
nguyén nhan chinh 1a do viéc thu thap sb liéu
ngudn gom Iuu lwong x4 thai va chéat luong
nude thai doc song (tap trung va phan tan) con
thiéu va han ché.
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Hinh 5. Két qua kiém dinh nong dé DO va BODs tai mét s6 vi tri vao 2/2014

3.3. Du bao chit lwong nwéc trén song
Pudng theo cac kich ban

Theo kich ban 1 va 2 da dugc xay dung thi
hau hét déu cho két qua dién bién DO trén
doan song thoa man QCVN 08:2015 & cot A2.
Tuy vay, gia tri BODs mo6 phong lai vugt gia
tri quy dinh & cot A2. Sau day s€ chi xem xét
két qua DO va BODs ¢ doan song tai cac vi tri
quan tric.

KHOA HOC KY THUAT THUY LOT VA MOI TRUONG - SO 63 (12/2018)

Két qua kich ban 1: Vi cac kich ban gia ting
tai lugng thai va lwu luong nude thuong ngudn
thi hau hét cac chi tiéu déu vugt QCVN 08:2015
& mic A2 nhiéu lan, nhung vin chua vuot
ngudng & cot Bl. Két qua nay phan anh viéc luu
lwrong nudc trén séng van con da 1on dé pha
lodng va phan tan cic chat 6 nhim theo thoi
gian. Chi tiéu BODs mo6 phong vuot mic A2 &
tat ca cac vi tri quan tric (hinh 6), déng thoi da
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s6 cac truong hop khong dat 1a thudc kich ban
giam luru lwong nude thuong ngudn. Trong kich
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ban nay thi ndng d6 DO va BODs doc theo doan
song ting giam khoang 12,8 dén 20%.
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Hinh 6. Két qua dién bién DO va BODs doc séng Puong so sanh véi QCVN 08:2015 (KBI)

Két qua kich ban 2: Vi kich ban 2, do ndng
d6 ciia cac thong sd 6 nhiém trong nude thai sau
khi xir 1y dat QCVN 08:2015, cot B (ddi véi
nudc thai cong nghiép) nén hau hét cac két qua
cua chi ticu DO va BODs & truong hop tai
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4. KET LUAN

Mo hinh MIKE 11 cho két qua mé phong thiy
van, thay luc va chat luong nude kha tt trén
doan song Duéng thudc dia ban tinh Bic Ninh.
Két qua cho thay theo cac vi tri quan tric, gia tri
DO nam trong giéi han A2 QCVN
08:2015/BTNMT. Theo thoi gian trong trong
mua mua va mia khod chit lugng nudc Song
Pudng c6 ndng do chat hitu co ting nhe nhung
van nam trong gi6i han Bl QCVN

lwong gia ting 70% déu cho két qua khong vuot
QCVN 08:2015 ¢ cot Bl (hinh 7). Trong truong
hop nay thi ndng d6 DO va BOD;s khong c6
nhiéu bién dong dang ké, lwong ting giam giao
dong trong khoang 5 -10%.
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Hinh 7. Két qua dién bién DO va BOD doc séng Pudng so sanh véi QCVN 08:2015 (KB 2)

CzuHo

08:2015/BTNMT trong khoang thoi gian tir vao
mua kho do dong chay luu luong it thay d6i va
ngudn nude bi han ché. Pdi voi két qua du bao
chét luong nudc séng Pudng cho thdy su thay
d6i nong d6 DO va BODs trén doan song chiu
anh hudng bdi sy gia tang tai lwgng thai ctia cac
nha may va phu thudc khong nho vao sy thay doi
lvu lwong nudc thuwong ngudn. Khi luu luong
nudc thuong ngudn ting giam 10% dén 20%
dong thoi lwu lwong x4 thai tang 1én dén 70% thi
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nong d6 DO va BODs ting giam khoang 12,8
dén 20% tily vao timg vi tri. Bén canh d6, khi luu
lwong nudc vé giam 10 dén 20% dong thoi uu
lwong thai tang 1én 70% nhung da xu Iy vé tiéu
chuan B1 theo QCVNO08:2015/BTNMT thi nong
do DO va BODs ting giam giao dong trong
khoang 5 -10%.

Két qua nghién ctru cho thdy, m6 hinh MIKE
11 v&1 cac moé dun HD, AD va Ecolab c6 ung

dung t6t trong cac nghién cru vé dién bién chat
lwong nude trén song Pudng. Tuy nhién dé ting
muc d chinh xdc va tin cdy cua nghién ctru thi
can thuc hién viéc diéu tra chi tiét hon vé cac
cong trinh x4 thai cling nhu cdp nhéat viéc do dac
dia hinh long din. Bén canh d6, viéc ting sb
lwong tram quan tric chat luong nude va thiy
van cho khu vuc nay ciing hét sirc can thiét dé
c6 thé ing dung mo hinh mot cach tot nhat.
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Abstract:
EVALUATION AND PREDICTION OF WATER QUALITY IN
THE DUONG RIVER BY USING NUMERICAL MODELS

In this paper, the 1D hydrodynamic model MIKE 11 including the hydraulic module and the eco-
environmental module were applied to simulate the water quality change in the Duong River within
the current period and future period based on different scenarios. The authors used a set of
database including topography, hydrology, and hydraulics, as well as water quality data, which
observed in the year 2013 and 2014, as inputs for the processes of the modeling. A set of optimal
model parameters was obtained in order to simulate the future water quality of the Duong River
using different scenarios of inflow and wastewater release. The results of Dissolved Oxygen and
Biochemical Oxygen Demand obtained from these models were used to make a comparison with the
National Standard of Surface Water Quality (QCVN 08:2008). In general, the water quality of some
locations in the River is in the range of the National Standard. However, some other locations are
out of the A2 level but under the Bl level.

Keywords: Water quality, Duong River, MIKE 11 HD, and MIKE 11 Ecolab
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