° /|

| l
\Wﬂi’l‘km'o.'.a]aiﬂﬂﬁmEQ'%_ N, 02-2022

i,



TAP CHI KHI TUQONG THUY VAN
SO 741 - 9/2022

MUC LUC
Bai bao khoa hoc

1 Ngl,lyén Phuéc Sinh, Nguyén Trudng Huy, Nguyén
Thé Hung: Tu dong do tim bo thdng s6 toi vu cua mo
hinh thuy van HEC-HMS bang thuét toan SCE-UA

19 Huynh Vian Hiép, Hl‘lynh Hiru Tri, Nguyén Thanh
Cong, Ngo Gia Truyén: Nghién ctru nguyén nhan sat
16 bo song: Truong hgp nghién clru tinh Tra Vinh

29 Nguyén’ Duy Quzgng, Lé Viét Son, Bui Tuin Hai,

Bui The Van, Tran Thi Thanh Dung: Nghién ctru

Q. TONG BIEN TAP xay dung ban d6 ngap lut luu vuc song Bui va ving
TS. Doan Quang Tri phy cén

4p Lwong Huy Khanh, Ngu)jén Qudc Luat, Tran T‘hi

Tric Ly, Lé Hai Tri, Tran Van Ty, Huynh Tran

1. GS. TS. Trin Hong Th 14.T5. Doan Quang Tri Gia Thinh, Huynh Vrong Thu Minh: Dénh gig hi¢n

2.GS. TS, T@ Thye . 15-PGS.TS. Mai \ian K,hlen? trang h¢ théng cong trinh thuy loi va kha nang dap

3. GS. TS. Mai Trging Ij]huan 16. PGS. :,FS' Nguyen Ba Thy {mg nhu cau nudc ciia cac hd chira trong bdi canh bién

4. GS. TS. Phan Ven Tan 17. 5. Tong Neoc Thanh déi khi hau tai huyén Tri Ton va Tinh Bién, tinh An
5. GS. TS. Nguyen Ky P}}fmg 18. TS. Binh Thai Hung Giang
6. GS. TS. Phan Binh Tuan 19. TS. V6 Van Hoa -~

7.GS. TS. Nguyén Kim loi 20. TS. Nguyan Déc Pdng 57 Nguyen Viét Hung, Lé Thi Phuong Tric, Ding

8.PGS. TS. Nguyén Thanh Son ~ 21. GS. TS. Kazuo Saito Quang Thanh, Nguyén Phuong Pong, Tran Thanh

9. PGS. TS. Nguyén Van Thang ~ 22. GS. TS. Jun Matsumoto Cong: Xay dung h¢ thong du bao chat luqng ‘nu’('yc

10. PGS. TS. Duong VanKham  23.GS. TS. Jaecheol Nam tu dong trén kénh, rach ndi d6 thanh pho H6 Chi

11.PGS. TS. Duong Hong Son ~ 24. TS. Keunyong Song Minh

12. TS. Hoang Dirc Cuong 25.TS.. Lars Robert Hole 75 Nguyén Hai Anh, Dw Vin Toan, Mai Kién Dinh,

13. TS. Bach Quang Ding 26.TS. Sooyoul Kim Nguyén Hoang Anh, Buii Thi Thity: Xay dung chi s

nhay cam duong bd Vinh Pa Nang ap dung theo

Gidiy phép xuét ban hudéng din NOAA vé chi s6 nhay cam mai truong

Sb: 225/GP-BTT’TT - B6 Théng tin Truyén 85 Nguyén Bach Tung, Ping Pinh Pirc, Trin Ngoc

thong cap ngay 08/6/2015 Anh, Nguyén Hong Thity, Ping Thi Hong Nhung,

Pham Thi Hong Nhung, Vii Minh Cwong: Danh gia

) Toa soan anh huong cta hd chira Nude Trong dén ha luu song

S6 8 Phao Dai Lang, Dong Da, Ha No1 Tra Khiic trong truong hop khan cap

Dién thoai: 024.39364963

Email: tapchikttv@gmail.com 98 Ta Hiru Chinh, Hoang Phiic Lam, Vii Van Thang,

Trwong Ba Kién: Thir nghiém kha ning du bao sd
i ngdy ning nong trén lanh thd Viét Nam bang mang
Ché ban va In tai: than kinh nhan tao
Cong ty TNHH san xuat va in bao bi Thién Ha
DT: 0243.562.4399

Anh bia: Tram Quan tric Khi twong bé mat Phii Quéc

Gia ban: 25.000 dong



& TAP CHi | =
‘2 J KHi TUQONG THUY VAN W) Check for updates

Bai bdo khoa hoc
Tw dong do tim bo thong so toi wu cia mo hinh thuy van HEC-
HMS bing thuit toan SCE-UA

Nguyén Phuée Sinh!?*, Nguyén Truong Huy!?, Nguyén Thé Hung!

! Khoa Xay dung Cong trinh thuy, Pai hoc Bach Khoa, Pai hoc Pa Nang;
phuocsinhbk@gmail.com; nthuy@dut.udn.vn; ngthung@dut.udn.vn.

2 Céng ty c6 phan Séng Ba, 573 Nui Thanh, Hai Chau, Pa Nang; sinhnp@songba.vn.

3 Department of Civil Engineering, McGill University, 817 Sherbrooke Street West,
Montreal, Quebec H3A 2K6, Canada; huy.nguyen5@mail.mcgill.ca.

*Téc gia lién hé: phuocsinhbk@gmail.com; Tel.: +84-905868028
Ban Bién tap nhan bai: 2/8/2022; Ngay phan bién xong: 5/9/2022; Ngay dang bai: 25/9/2022

Tém tit: Viéc hiéu chinh va kiém dinh mé hinh thuy vin HEC-HMS theo quy trinh thir sai
(trial-and—error) thuong mat nhiéu thoi gian va b thong sb tim dugc thuong khong phai
t6i wu. Bai bao nay trinh bay két qua phét trién mot chuong trinh cho phép do tim ty dong
b thong sd t6i wu ctia md hinh HEC-HMS duya trén thuat toan SCE-UA. Trudc hét phuong
phép Latin Hypercube Sampling dugc sir dung dé Iy gia tri tham bién rong khap khong
gian nghiém mot cach hiéu qua nhat. Sau d6, SCE-UA dugce st dung dé do tim nghiém t6i
uu thong qua chon loc va tién hoa dua trén céc gia tri mau ban dau. Nghiém tdi wu duoc
chon duya trén mat thoa hiép Pareto va dénh gia do tin cdy bang phwong phap GLUE. Chuong
trinh da va dang dwoc tmg dung cho hd thuy dién Krong H’nang (tinh Pak Lik). S licu
thuc do tir 18 trong sb 33 tran 1ii trong giai doan 2016-2021 duoc st dung dé hiéu chinh va
thu hep khdng gian nghiém ban dau gitp qua trinh do tim dwoc nhanh chong hon, dong thoi
phan tich d6 nhay va xac dinh ba théng sé chii dao Tp, CN, Tc nhdm giam s luong tham
bién (tu 50 Xuéng con 18 tham bién). Dua trén két qua nay, chuong trinh duogc kiém dinh
Vo1 5 tran 1 tiép theo va cap nhat ty dong trong du bédo theo thoi gian thyc trén 10 tran 1a
con lai. Chuong trinh dat hiéu qua du bao rét tot dén budc thoi gian t + 4 gio, cac chi sb
danh gia dat mac cao (KGE > 0,8; VE < 10 %) va két qua ludn ndm trong ving tin cdy
Qs5%—Qug5%.

Tir khéa: HEC-HMS; Do tim tu dong théng s6 mo hinh; SCE-UA; GLUE; Du bo 1ii thoi
gian thuc; Krong H’nang.

1. Gi6i thi¢u

Cac mé hinh todn thuy van nhu HEC-HMS (Hydrologic Engineering Center—
Hydrologic Modeling System) mé phong chu trinh thuy véan theo cach don gian hoa cac dac
tinh vat 1y cta hién twong tu nhién thong qua cac (hé) phuong trinh toan hoc [1]. Cu thé, md
hinh HEC-HMS m6 phong mua—dong chay trén luu vuc théng qua 4 thanh phan chinh: (i)
mo hinh mua-— dong chay (i) mo hinh nudce ngam (iii) mo hinh ton that va (iv) md hinh truyén
10 trén song. Bon thanh phan chinh nay duoc m6 phong trén HEC-HMS thong qua cac théng
s6 mo hinh. Trong kh1 mot s6 thong s6 ¢co thé do dac dugc (nhu dién tich luu vue, d6 dai
song...) thi sb khac rat kho hodc gan nhu khong thé do ludng duoc (nhu Muskingum X,
Snyder Tc...). Nhiing thong sd nay phai dugc hiéu chinh cho mdi luu vuc khic nhau sao cho
két qua dong chay mé phong tir mé hinh phu hop véi dong chay thuc do [2]. Qua trinh hiéu
chinh va kiém dinh mé hinh thuong dugc thyc hién thu cong bang phuong phép thir sai (trial—
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and-error). Phu thugc vao kinh nghiém cua nguoi lam mo hinh ma viée thir sai c6 thé tiéu
tén nhiéu hay it ngudn luc [3]. Ngoai ra, bo thong s6 tim duoc thuong khong phai téi wu va
tiéu chi danh gia sy pht hop thuong rat giéi han hay chi don muyc tiéu. Viéc nay thuc day nhu
cau nghién ctru, phat trién cac thuat toan va chuong trinh mdy tinh cho phép hiéu chinh mé
hinh mot cach tu dong va do tim bd thong s6 t&i wu theo da muc tiéu nham tiét kiém thoi gian
va mang lai hiéu qua cao. Diéu nay hoan toan phu hop va ¢ ¥ nghia 16n ddi v6i nhu cau du
bao va canh bao 1i theo thoi gian thye, cling nhu viéc quan 1y cac cong trinh thuy loi-thuy
dién trong diéu kién cac hién twong mua lii cuc doan  ngay cang gia tang [4].

Hién nay c6 kha nhiéu thuat toan tim nghiém t6i wu toan cuc khac ‘nhau. Mot sO thuat
toan théng dung nhu thuat toan di truyén (Genetic Algorithms) phat trién boi Michalewicz
(1992), giai thuat t6i wu bay dan (Particle Swarm Optimization) dé xuét boi Kennedy va
Eberhart (1995), thuat toan tién héa x4o tron phirc hop cua Truong Dai hoc Arizona (Shuffled
Complex Evolution—-University of Arizona, thuong viét tit SCE-UA) tao ra boi Duan (1992).
Dbi v6i cac bai toan thity van, cac hé phuong trinh thudng & dang phi tuyén va bao gém rat
nhiéu tham bién thi SCE-UA duoc xem 12 mot trong nhing thudt toAn manh mé& va hiéu qua
nhit cho viéc hiéu chinh thong sé6 md hinh [5-6]. SCE-UA da dugc nhiéu nghién ctru &p
dung thanh cong vdi cAC mo hinh thuy van thong dung nhu MIKE-NAM [7], SWAT [8],
SWMM [9]. M6t s6 nha phat trién phan mém ciing di tich hop sin SCE-UA vao chirc ning
do tim tu dong théng s6 mé hinh nhu SWAT-CUP hay MIKE-AUTOCAL.

Nhiing phién ban gan day ciia md hinh HEC-HMS nhu 4.8 (01/2021), 4.9 (01/2022)
dugc Trung tAm k¥ thuat thity van thudc Quan doi Hoa Ky (USACE) trang bj mot s6 thuat
toan do tim nhu Univariate—Gradient, Nelder and Mead thong qua chirc nang Trial Run [10]
nham gitp ngudi 1dm mé hinh do tim bd thong sb 'md hinh nhanh va hiéu qua hon. Tuy véy
viéc stir dung phai thong qua thiét 1ap thu cong, tén nhiéu thoi gian. Mot dang sira doi cua
phuong phap Gauss—Marquardt Levenberg dua trén SCE-UA hién ¢ trang thai “dugc dé
xudt 1a tiém nang’ ’ trong mot bao cdo ndi bo cia USACE [11] va van chua dugc tich hop vao
ban chinh thirc. S6 it nghién ctru tmg dung phuong phap do tim t6i wu khac nhu Particle
Swarm Optimization dé thiét 1ap thu tuc do tim t6i uvu bd thong sé mé hinh cho HEC-HMS
song hi€u qua chua cao [12].

Bai b4o nay trinh bay két qua phat trién mot chuong trinh cho phép do tim ty dong bo
thong s6 téi uu cua m6 hinh HEC-HMS dura trén thuét toan SCE-UA, nham cép nhat ty dong
bd thong s6 mo hinh trong du bao duong quatrinh Ia vé& ho chira theo thoi gian thyc. HO chira
duoc ap dung trong nghién ctru nay la ho Kroéng H’nang v6i luu vuce c6 dién tich 1.168 km?
nam ¢ dia phan tinh Pik Lak (xem muc 2). Dé thyc hién do tim, trudc hét phuong phap lay
mau siéu khdi Latin (Latin Hypercube Sampling, LHS) [13] duoc sir dung dé 1dy mau gia tri
tham bién rong khap khong gian nghiém mét cach hiéu qua nhét. Sau do thuét toan SCE-UA
dugc sur dung dé do tim nghiém tbi vu théng qua viéc chon loc va tlen hoa dya trén céac gia
tri lay mau ban dau. Thong thuong bai todn 1a da muc ti€u, nghiém tdi wu do do duoc chon
trén mat thoa hiép Pareto va danh gia do tin cay bang phuong phap udc tinh d tin cdy tong
quat (Generalized Likelihood Uncertainty Estimation, GLUE) [14] (xem muc 3). Dix liéu luu
vuc Krong H ning voi 33 tran 1d quan tric giai doan 2016-2021 duoc st dung dé thir nghiém,
trong d6 18 tran 1t dung dé hiéu chinh, phéan tich do nhay, xac dinh céc thong s6 chu dao va
khong gian nghiém ban dau; 5 tran 1 tiép theo st dung dé kiém dinh chwong trinh; 10 tran
lii con lai dé thir nghiém hiéu suat chuong trinh khi dy bao lii theo thoi gian thuc. Két qua
chi tiét va thao luan trinh bay ¢ muc 4. Cac két qua chinh duoc tom tit lai & phan cudi cua
bai bao (muc 5).

2. Pham vi nghién ctru va dir liéu

Cong trinh thuy di¢n Krong H’nang nén} trén dia ban hai tinh Pik Lik va Phua Yén, trong
do6 toan b luu vue thude dia phan tinh bak Lak (Hinh ,l). HO chtra ¢6 dung tich toan bd
165,78.10° m?, dép dugc thict ke v6i 1 thiét ke c6 tan sudt Qo 10, = 8.234 m¥/s [15]. Song
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Kréng H'ning (hay Ea Krong H'ning) 1a phu luu cia séng Ba — luu vuce song 16n nhit & khu
vuc Nam Trung Bo.

Hé théng quan tric va tinh toan ty dong mua, myuc nudc, va luu luong vé hd thuy dién
Krong H’ning voi tan suat 15 phat dugc thiét 1ap trén luu vire tir thang 9/2016. Tinh dén hét
thang 12/2021, hé thong da quan tric duoc 33 tran 1d v6i luu lwong dinh tir 180 dén 2.710
m3/s. Luu ¥ rang ddi véi hd Krong H’ning, gia tri ngudng luu luong duoc xem 14 1i vé hd
khong dugc quy dinh cu thé trong hd so thiét ké ciing nhur quy trinh van hanh. Trong nghién
clru ndy, nhom tac gia st dung tit ca cc trin mua—li c6 thoi gian mua kéo dai hon 12 gio
va ¢ dd thi i hoan chinh (gém cac yéu td: dong chay co ban, nhanh 1ii 1én, dinh 1ii, nhanh
1&t xudng). D4 thi cac tran 1i thue do thé hién trén Hinh 2. Céc tran 1i thong thuong kéo dai
trung binh khodng 42 gi¢ va lén t&i 102 gid. Luu lugng dinh 1 trung binh vao khoang 850
m%/s va 16n nhat 1a 2.710 m%/s. Tong lwong li trung binh khoang 55 triéu m® va 16n nhat 192
triéu m°. Mot sd théng ké khac vé cuong do mua—Ili duoc thé hién chi tiét trong Bang 1.
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Hinh 1. Ban do luu vuc ho thuy dién Krong H’nang. Cac diém hinh sao hién thi vi tri cuia 15 tram
do mua (T1 dén T15), diém hinh tam giac 1a vi tri dap. Dai mau (xanh dén do) thé hién cao d6 dia
hinh Tuu vuc.

Dé ¢ thé hiéu sau hon dic diém mua—1ii trén luu vuc Krong H’ning, tvong quan gitra
tong luong mua, tong luong 10, luu lrgng dinh 1 va do 16n dinh mua dugc phén tich chi tiét
tren Hlnh 3. Thong thuong quan hé gitra mua—dong chay 1a phi tuyén vi phu thuge rat nhiéu
yéu td lién quan dén dic diém luu vuc va kha nang tham, trit nudc & cac tang khac nhau cua
Iuu vue. Luu vue Krong H'nang cting khong phai ngoai 1¢. Tuy vay, néu xap xi mbi quan hé
tong luong mua va téng luong 1ii trén luu vie Krong H'nang bang mot twong quan tuyén
tinh, két qua hé s6 tuong quan dat mirc t6t R? = 0,768. T dy c6 thé dung moi quan h¢
nay dé ude tinh hay du bao téng luong i khi tinh duoc hay du bao dugc téng luong mua
trén luu vuc.
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Bang 1. Thong ké cuong d6 mwa—li & luu vue Krong H'nang tir s6 ligu 33 tran mua—li.

Thong so Nho nhat Trung binh Lén nhat
Thoi gian tran 1 (gid) 21,0 42,0 102,0
Tong luong mua (mm) 18,0 82,7 278,0
Cuong d6 mua (mm/ gio) 0,6 19 51
Thoi gian xuat hién dinh mua (gid) 3,0 9,9 20,0
Luu luong dinh 1§ QP (m¥/s) 182,3 849,0 2.710
Tong luong 1ii (triéu m®) 16,5 54,6 191,8
Thoi gian xuat hién dinh 14 (gio) 8,5 18,3 32,8
Thoi gian tre gitta dinh mua— dinh 14 (gio) 1,0 8,0 15,5
Luu lugng ban dau Q, (m?%s) 20,0 110,0 221,0
Luu lugng s Mua
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Hinh 2. D6 thij 33 tran 1d thuc do trén luu vee Krong H ning trong giai doan 2016-2021.
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Hinh 3. Tuong quan gitra tong lu'orng mua (truc X) tong hrorng 1t (truc y) dinh 1t (dal mau) va dinh
mua (kich thude diém), duong thiang mau do thé hién méi quan hé tuyén tinh giira tong luong mua

va tong lugng 1ii, voi hé s6 tuong quan chat ché R? = 0,768.
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3. Phuwong phap nghién ciru
3.1. Do tim b thong 6 16i wu ctia mé hinh HEC—HMS twr dong bcing thuat toan SCE-UA

Dé c6 thé do tim mot cach ty dong, trude hét can chon khong gian kha nghiém tham bién
cia m6 hinh HEC-HMS, nghia Ia xac dinh s6 lugng tham bién (sb chiéu n) va khoang gia
trj cua ching. D6i v6i mdi tham bién, khoang gia tri thich hop dugc dua ra trong phan hudng
dan sir dung md hinh HEC-HMS [10]. Khoang gi4 tri ctia mdi tham bién nay kha rong va
can duoc thu hep cho mdi luu vyc nghién ctru cu thé dya trén kinh nghiém sir dung mo hinh
va dit liéu quan tric trén luu vuc d6 (Bang 4). Viéc thu hep khong gian kha nghiém gitp tiét
kiém khoi luong tinh toan va lam giam thoi gian hoi tu mot cach dang ké vi s6 luong tham
bién thudng rat 16n [9, 16].

Khi d3 xac dinh duoc khéng gian kha nghiém cho Iuu vuc nghién ciu, ching ta can lay
s 0 hop tham bién, véi s = p(2n + 1) phu thudc vao s6 lugng tham bién n va sé lugng
phuc hop (complexes) p, dé c6 thé chay mo6 hinh HEC-HMS va so sanh két qua mé phong
dong chay tir s_ t6 hop v6i gi tri luu lugng thyuc do dé danh gia chat luong két qua mo phong.
Vi s0 lu0’ng mau thuong bi gidi han, dé tiét kiém thoi gian tinh toan can chon mot phuong
phap gip ldy mau mot cach hiéu qua. Trong nghién ctru nay str dung phuong phap 1ay mau
siéu khéi Latin (Latin Hypercube Sampling, LHS) do phuong phap nay vuot trdi hon gieo
mAau ngau nhién vi c6 xét dén vi tri cac mau da gieo [13].

Sau khi da gieo mau (V6i s t6 hgp tham bién ban dau), chuong trinh ty dong HEC-HMS
md phong mua—dong chay vai b thong sé mé hinh theo s t6 hop tham bién, sau d6 tinh
ton gia tri ham muc tiéu theo chi sé danh gia hiéu qua Kling-Gupta (KGE) tuwong ng véi
mdi t6 hop. Thuat todn SCE-UA tién hanh sap xép s t6 hop theo tha tu gid tri KGE ting
dan va luu trir vao tap D sau d6 chia tip D nay thanh p phirc hop A¥(Véi k = 1,..,p).
Céc phuc hgp A* dugce tién hoa mot cach dc 1ap theo phuwong phap Downhill Simplex trong
khdi thuat toan Competitive Complex Evolution (CCE). Tiép theo, SCE-UA loai bo cac
nghiém xau (c6 gia tri KGE nho) va x4o tron diém giita cac phtc hop A¥ da tién hoé thanh
mot tap mau D méi. Sy tién hoa va x4o tron nay s€ dugc lap lai dén khi diéu kién hoi tu
duoc thoa mén hay dat sb lugng chu trinh 1ip (repetitions) do ngudi dung khai bao. Nho sy
x40 tron dlem giita cac phirc hop, thuét toan SCE-UA rét hiéu qua trong viéc giai quyét hién
tugng mac ket nghiém & cac vung cuc tri dia phuong (local optima). Nghiém cu6i cung cua
thuat todn la duong mo phong Iuvu luong Qe (global optimum) ¢ chi s6 danh gia KGE tot
nhat va t6 hop tham bién tuong tng.

Chuong trinh ty dong do tim b thong sb tdi wu cia md hinh HEC-HMS dura trén thuat
toan SCE-UA duoc phat trién theo so dd giai thuat mo ta trén Hinh 4. Nghién ctru nay st
dung CcAc thu vién ma ngudn md nhu spotpy, hydrooval, smt. sampling_methods... va lap
trinh trén ngdn ngt Python.

Dé cai thién hiéu sudt do tim nghiém t5i wru, C4c tac gia chia qua trinh do tim t6i wru thanh
2 giai doan (2 phase): giai doan 1 tim kiém tho véi 1.000 chu trinh ldp (repetitions =
1.000), nghiém tim duoc & giai doan 1 ding 1am nghiém ban dau cho qua trinh tim kiém chi
tiét & giai doan 2 véi 5.000 chu trinh 1ap (repetitions = 5.000). Dé tinh dén sy khong chic
chan, mot ving mo rong 25% gia tri khoang nghiém ciia tham bién vé hai phia khi tim kiém
giai doan 2 va gia tri giéi han vat 1y ciia tham bién trén HEC—-HMS (Bang 4) ciing duoc thém
vao dé dam bao y nghia ctia nghiém tim duoc.
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Khai bao: n=sb chiéu, p=sbé lwong phirc
hop, m = s6 diém trong mai phirc hop
Tinh: s=p.m

i Khéng gian tham bién
Tp,CN va Tc i

Gieo mau ngau nhién theo
phuwong phap
Latin Hypercube Sampling

L4y ra s diém ngdu nhién trong khéng
gian nghiém Q, tinh gia tri ham muc tiéu
clia moi diém.

S —— e

Sap xép s diém theo thir ty tang dan cda
ham muc tiéu, Iwu vao tap D

}

Chia tap D thanh p phirc hop, méi phirc
hop gdm m diém:
D={A" k=1, ._p}

}

3 . N . k
Tién hoa tirng phirc hop A", Thuat toan CCE

k=1,..p I

)

Thay thé A* , k = 1,..,mvao tap D

]
]
]
]
'
1
s
]
]
]
'
]
[}

Vi [ HEC-HMS OUTPUT ]

Sai

Kiém tra diéu kién hoi tu

Hinh 4. So d thuat toan chuong trinh do tim b thong s6 t6i vu HEC-HMS trén nén tang thuat toan
SCE-UA. Khoi chuong trinh bao béi duong nét dut mau do bén phai dugc phét trién méi dé lién két
HEC-HMS vao thuat todn goc cua tic gia Duan (1992).

3.2. Phan tich do tin cdy du bdo

SCE-UA str dung chién lugc t6i wu hoa toan cuc bd thong sb dwa trén ham muc tiéu don
bién, phuong phap nay tim cach xac dinh mot bo thong s6 “tot nhat” ma bo qua nhiing diém
khong chéc chan tir cac ngudn lién quan den dir li¢u, cau trac mo hinh va sy khong chic chan
ctia cac thong sd. Khi khong xet dén sai s6 do quan trac dit lidu (mua, luu lugng) thi sai 5O
trong wdc tinh gi4 tri thong sb 12 ngudn sai s6 1on nhat c6 thé dan dén sai s6 16n két qua dau
ra mo hinh [17-18]. Nghién ciru nay sir dung phuong phap udc tinh do tin cay téng quat
(Generalized Likelihood Uncertainty Estimation, GLUE) do Beven va Binley dé xuat nim
1992 [14] dé phan tich d6 tin cdy du bao tir két qua mé hinh.

GLUE thyc hién quy trinh m6 phong Monte Carlo, muyc tiéu ctia phuong phap GLUE la
tim ra mot tap hop “co thé chap nhan dugc” cua cac tham sé trong khong gian nghiém trén
dir liéu va diéu kién cho truéc. O day sir dung két qua mé phong HEC-HMS trong qua trinh
tién hoé biang SCE-UA (5000 lan & giai doan 2). Dung ngudng KGE = 0,65 dé loai bo
phan nghiém xau, giir lai cac nghiém tét dé xac dinh ham phan phdi tich Iy (Cumulative
Distribution Function, CDF).

Nhu vay, két qua du bao cua chuong trinh dugc dua ra boi gia tri nghiém tdi wu Qopt
ciia SCE-UA va d6 khdng chic chin tir CDF, duoc chon ¢ mic do tin ciy 5% dén 95%,
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ddng thoi thé hién dugc phan phdi xac suat (hau nghiém) cua céc tham bién chu dao (Tp,
CN va Tc).

3.3. Tiéu chi danh gid chdt lwong ciia mé hinh dy bdo

Chéat lwong mé hinh du bao duoc danh gia tir su sai khéac gitra két qua mé hinh va s liéu
quan trac tai diém nut kiém soat thong qua mat so chi tiéu nhu sau:
Sai Iéch vé dinh 1 (peak error, PE %)

PE = 100. Qs‘m—pQ”bS (1)

obs
Sai Iéch vé tong lugng 1t (volume error, VE %):
Volsim — Volyps

VE = 100. Vol @)
obs
Chi s6 hi¢u qua Kling-Gupta (Kling-Gupta Efficiency, KGE):
KGE =1 — \](R _ 1)2 + (Gsim )2 + (Qsml _ ) (3)
Oobs obs

VOTi:

D @65 = Qore): (@i = i)

R=
S _ ©)
2i=1(Qébs - Qobs)2 Zi (ann Qsim)z
Sai s6 trung phuong tuong ddi (Relative Root Mean Square Error, RRMSE):
n .
> (0L, - 01, )2
RRMSE = \/ obs T )

Qr)bs

Trong d6 Q (M%s) 1a luu lwong 1id; Q (m%s) la gid trj luu luong trung binh; QP(m%/s)
1a Ivu lugng dinh 1ii; o (m¥s) 1a d6 1éch chudn caa chudi luu luong; Vol (mP) 1 téng lwong
1i; n latong sé diém dix liéu; cac chi sé dudi sim ky hiéu chudi mé phong va obs ky hiéu
chudi thuc do. M6t s nghién ctru chi ra tiéu chi danh gia chit luong mé hinh théng qua cac
chi s6 ¢o thé tham khao & Bang 2.

Vi khong c6 chi s6 ndo c6 thé xem xét tat ca dic diém ciia duong qua trinh 1d (nhu thoi
gian xuét hién dinh 1&, luu lugng dinh 1, hinh dang 1& va d6 16n tran 1d...), nén can két hop
cac chi tiéu dé danh gia, tirc chon nghiém theo ham da muc ti€u thay vi don muc tiéu dé co
thé thu duoc két qua t6t nhat. Trong nghién ciu ndy, hai ham muc tiéu dugc ding dé chon
nghiém tét nhat cia md hinh trén mat thoa hiép Pareto 1a: (i) chi s6 hiéu qua KGE 1a 16n
nhét va (ii) sai léch tong luong 1 VE (%) 1a nho nhat. So di cac tac gia lya chon chi s6 danh
gia tong hop KGE do ban than chi so nay bao gom h¢ s6 twong quan R, d léch chuan va
gia tri trung binh (xem biéu thire (3) va (4)). Di vai sai lech tong luong 1t VE (%), day la
mot chi s6 quan trong khi du bao 1ii cho cac hd chira bdi n anh hudng rat 16n dén viéc van
hanh tich nudc, xa 1i ciia hd chira.

Bang 2. Tham khao céc tiéu chi danh gia do tt mo hinh théng qua céc chi sd.

Chi sb Kém  Trung binh Tét Rét tét Tham khio
KGE <05 0,5dén0,7  0,7dén0,8  0,8dén 1,0 [19-20]
VE (%) > 20 10 dén 15 5dén 10 0dén 5 [21]
PE (%) > 20 10 &n 15 5dén 10 0dén 5 [21]
R2 <04 0,4dén0,7 0,7dn0.85 0.85dén1,0 [22]

RRMSE >0,7 0,6dn0,7 0,5dn0.,6 0dén 0,5 [23, 24]
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4. Két qua va thao luin

4.1. Thiét ldp mé hinh HEC-HMS cho lwu viee Krong H 'ndng

Luu vye Krong H’ning vai dién tich 1.168 km? dugc chia thanh 6 tiéu luu vuc (tir Subl
dén Sub6), song chinh dai 130 km, trong d6 doan tir cira ra tiéu luu vuc Subl dén hd chira
duogc chia thanh 4 doan song (tir Reachl dén Reach4) dya trén dac diém dia hinh va thuy hé
ctia luu vuc. Céc thanh phan tiéu luu vuc, doan song két ndi véi nhau bang cac hop luu
(Junction) tao thanh hé thong lién két chit chd tir thwong ngudn dén ctra ra luu vuc (Outlet).
M5 hinh luu vue Krong H nang dugc thiét 1ap trén HEC-HMS thé hién & Hinh 5. Dién tich
cac tiéu luu vue va chiu dai cac doan song 1a cac thong sb vat 1y c6 thé do dac duoc, chi tiét
¢ Bang 3. Trén luu vuc Krong H'nang ¢6 15 tram do mua ty dong, s6 liéu mua céc tram duoc
tinh chuyén vé mua binh quin céc tiéu luu vuc (sub-basin) bang phuong phap da giac
Thiessen.

GHI CHU

@* Sub-basin: Tiéu lwu vwe

=== Reach: doan séng

¥J Junction: Hop lvu Pwong bao da giac Thiessen

gj Outlet: Clrara "] Tram do mwa

Hinh 5. M6 hinh lvu vuc Krong H’ning trén HEC—-HMS Vi 6 tiéu luu vuc tir Sub 1 dén Sub 6. Céc
tram do mua ty dong duwoc ky hiéu tir T1 dén T15. Trén hinh dap Kréng H’nang nam phia ha Iuu cua
luu vuc gan tram do mua T15. Nét dirt mau do thé hién cac duong bao cua da giac Thiessen.

Bang 3. Dién tich cac tiéu luu vuc va chidu dai cac doan song chinh.

Tiéu luu vue Subl Sub2 Sub3 Sub4 Sub5 Sub6
Dién tich (km?) 232,00 180,00 224,00 260,00 101,00 171,00
Doan sbng Reachl Reach2 Reach3 Reach4
Chiéu dai (km) 25,97 25,88 2,96 15,05

4.2. Khong gian kha nghiém

- Khoang gia tri cac tham bién ctia moé hinh HEC—HMS rét rong do dugc USACE thiét ké
dé phu hop véi nhiéu dang luu vuc khac nhau (xem Bang 4). Ngoai ra so lugng tham bién la
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khé 16n vai tong cong n = 50 tham bién (6 tiéu luu vuc x 7 tham bién + 4 doan séng X 2
tham bién). Do d6, viéc do tim thuong mat rat nhiéu ngudn luc va thoi gian. Dé ¢ thé do tim
tur dong mot cach hi€u qua thi can thu hep khong gian kha nghiém cho moi tham bién va can
giam bét sb lwong tham bién (hay con goi 13 s6 chiéu khong gian). Trong muc ndy cac tac
gia trinh bay viéc gidi han khong gian kha nghiém thong qua viéc hiéu chinh thu céng dé do
tim khoang gia tri phu hop cho tung luu vuc, tir 6 thu hep lai khoang khong gian kha nghiém
ciia moi tham bién. Viéc giam s luong tham bién théng qua phan tich d6 nhay duoc trinh
bay & muc tiép theo.

Bing 4. Cac tham bién chinh, y nghia va pham vi gia trj cia chung trén HEC-HMS va cho luu vuc
Kroéng H'nang tir két qua hiéu chinh thi cong 18 tran lii.

L en Phuwong < ; - Gia tri trén Gia tri luu vuc
Qué trinh phép Tham bién Y nghia HEC-HMS[10]  Krong H’niing
-y Thoi gian tap trung 0-500 0,5-16,0
Mua Tp (gi%) nu(’ycrcﬁa} Iuu vuc
—dong Snyder UH Hé s6 diéu chinh do
chay Tc 16n dinh va hinh 0-1,0 0,3-0,95
dang 1t
3 N
Qo (M) |1 lwrong ban diu 0- 100.000 Thue do
He¢ s6 suy giam
Nuéc ngam  Recession Re nuée ngdm 0-10 0,2-085
Hé sb xac diph do
Rp 16n nudc ngam theo 0-1,0 0,1-0,45
dinh 1a
Then scs Curve 12 (mm)  Ton thit ban dau 0-500 0-20
Number CN $6 hiéu dudng cong 0-100 35-88
. K (gio) Thoi gian truyén li 0-150 0,5-6,0
Truyénld  Muskingum o
X H¢ s0 diéu chinh 0-05 0,05-0,28

S6 liéu 18 tran 1d (tir #1 dén #18) dugc dung dé tim khoang gigi han cho mdi tham bién
cua bo thong sé6 md hinh HEC-HMS (Tp, Tc, Ia, CN, ..)) cho riéng ting tran theo phuong
phap thir—sai va lga chon nghiém dua trén cac ti€u chi ddnh gia mo hinh. Viéc hiéu chinh thu
cdng mat khac gitip nguoi sir dung mo hinh hiéu dugc do nhay ciia cac tham bién khac nhau.
Gidi han khong gian tham bién ciia m6 hinh HEC-HMS cho luu vyc Krong H'nang dya trén
viéc hiéu chinh 18 tran 1l duoc thé hién trén Hinh 6. Téng hop céc chi s danh gia do tét md
hinh & Bang 5 cho thady md hinh md phong tét & hau hét cac chi s6. Chi s6 danh gia hiéu qua
Kling-Gupta thip nht dat dugc KGE = 0,66. Cé biét, C4c tran It s6 2, 6, 11, 17 ¢6 mt chi
s6 khong dat mirc tot (dwoc in ddm) trong khi cac chi so khac déu dat. Piéu nay khé 1a binh
thudng khi khong thé ciing mot lic thoa mén hét dugc tat ca cac tiéu chi dat ra.

Bang 5. Chi s6 danh gia do t6t mé hinh HEC—HMS tir hiéu chinh thu cong 18 tran 1 (tir #1 dén #18).

TT KGE RZ RRMSE PE% VE% TT KGE R? RRMSE PE% VE%
1 0,868 0,957 0,189 748 1050 10 0,849 0,820 0,158 2,97 4,78
2 0,815 0,856 0,253 -19,47 889 11 0,776 0,889 0,293 16,12 5,56
3 0,934 0,966 0,138 -1,40 6,03 12 0,936 0,980 0,146 593 572
4 0,872 0,808 0,257 —0,30 752 13 0,929 0,935 0,190 -8,16 4,90
5 0,925 0,953 0,104 -8,16 261 14 0915 0,949 0,213 0,79 6,53
6 0,660 0,882 0,285 266 1427 15 0,947 0,947 0,183 454 -172
7 0,905 0,959 0,159 -2,78 6,04 16 0,977 0,988 0,106 420 -0,54
8 0,744 0,920 0,191 -0,67 -0,63 17 0,934 0,945 0,142 -11,19 4,16
9 0,958 0,972 0,064 025 -364 18 0,875 0,943 0,139 953 1,34
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Tham bién mé hinh HEC-HMS: hiéu chinh thi céng, tran |0 #1-#18
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Hinh 6. Khong gian tham bién mé hinh HEC-HMS luu vuc Krong H’ning tir két qua hiéu chinh thi
cdng 18 tran li (tir #1 dén #18).

4.3. Phdn tich do nhay cac tham bién

M6 hinh HEC-HMS ¢6 tat ca 9 loai tham bién khac nhau nhu trinh bay & muyc 4.2. Viéc
higu chinh thu cong cho thay 5 trong s6 9 loai tham bién nhay hon rat nhiéu so vei céc loai
tham bién con lai. Nam loai tham bién nay bao gém: do tré tiéu chuan (standard lag) Tp va
hé sé diéu chinh (coefficient) Tc trong phuong phap duong don vi Snyder; sb hiéu duong
cong (curver number) CN va ton that ban dau (initial loss) Ia trong phuong phap SCS
Curver Number; va thoi gian truyén lii (travel time)K trong phuong phép truyen 1a
Muskingum. Nhom tac gia phan tich d6 nhay va danh gia mirc d6 anh huang cua moi loai
tham bién thong qua 2 cuc tri min va max trong khoang kha nghiém dén két qua mo phong
bang cach thuc hién hét tit ca mo phong tir cac to hop c6 thé. Vi du, dbi véi bo 3 tham bién
nhay nhat Tp, CN va Tc (dua trén kinh nghiém hiéu chinh thu cong) s& tao ra tat ca 23 =
8 t6 hop tham bién (Hinh 7a). Két qua md phong cia 8 to hop tham bién dugce trinh bay &
Hinh 7b.

Két qua phan tich cho thay khi Tp chuyén tir min sang max lam thay doi hinh dang
1& mot céch rd rét. Tp nho 1ii 1én nhanh va xudng nhanh véi dinh 1ii nhon trong khi Tp 16n
1am dinh 1d xudt hién cham hon han, 1 1én cham, dinh 1 bet ra va di xuéng cham hon. Néu
giit nguyén Tp vathay doi CN tir min sang max, tham bién nay anh huong dén luu luong
dinh 16 16 rét. CNpq, cho gia tri dinh 1t lon trong khi CNpyp lam giam dinh 1i do d6 quyét
dinh d6 16n tong luong 1&. Pbi véi tham bién Tc, khong anh huong 16n nhu Tp va CN,
nhung Tc ciing gdy anh hudng dén d6 16n va hinh dang dinh 1ii (twong quan vé6i hinh dang
dd thi mua).

Tuong tu, nhoém tac gia thuc hién mé phong véi 2° = 32 t6 hop (khi xét thém ca tham
bién K va Ia). Két qua cho thiy tham bién Muskingum K cua cac doan sdng anh hudng
dén thoi diém xuat hién dinh 1, khi két hop voi Tp lam thay d6i hinh dang va do 16n 1a, tuy
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vay pham vi thay déi gid tri K cta cac doan séng 1 kha nho (Hinh 6) nén né anh huéng nhé
dén két qua mo phong. D6 véi ton thit ban dau Ia cua cac tiéu luu vuce chi anh huong dén
pham vi chan 1&, Hinh 6 cho thdy 90% khoang gi tri cua Ia kha nho chi vao khoang 0,05
dén 0,28 mm. Ly do 1a khi vao mua lii chinh vu, thong thuong dat da gan dat trang thai bio
hoa do cac trin mua lién tiép trudc d6 nén ton thit ban dau Ia thuong nhé. Do do6, tham sé
Ia tré nén it anh huong. Didu ndy khéc biét hoan toan vai bai todn mé phong lién tuc dong
chay nhiéu nam khi tén that ban dau Ia déng mot vai tro dic biét quan trong.

Tur nhitng két qua ndy, cac tac gia chon giir lai 3 loai tham bién cha dao 1a Tp, CN, va
Tc. Viéc ndy gilp giam dang ké sb chiéu caa khdng gian tham bién tir n = 50 xudng con
n = 18. Pay 1a két qua quan trong giup giam dang ké viéc 1y mau ban dau va gitp day
nhanh tdc do do tim bo thong sé mé hinh t6i wu thong qua SCE-UA. Ngoai 3 tham bién chu
dao, tham bién luu luong ban dau Q, duoc ldy theo gia tri quan tric tai thoi diém bat dau
md phong, 5 tham bién con lai (Ia, Rp, Rc, K, X) liy bing gia tri trung vi (median) tir hiéu
chinh thu cong 18 tran 11

(a) (b)

= Tran It #12
To th Tp CN Tc
Tp min
1 min min min 20001  CN max Tp max
- N LU L Tc max
1500
3 min max min é Te min
- min max max 5 1000 4 pu .. FIETEEE T )
5 max min min CN min | /\‘/\ !
500 4 } / RN
6 max min max Se a2 N :\:\
- \\_‘7*
7 max max min 0 ‘ ‘
0 10 20 30 40
8 max max max

Thoi gian (h)

Hinh 7. Danh gi4 anh huong va do nhay cac tham bién chii dao dén két qua mé phong, minh hoa trén
biéu d tran Iii s6 12.

4.4. Két qua kiém dinh chwong trinh

Chuong trinh tu d6ng do tim bo théng sb tdi wu cia mé hinh HEC-HMS dugc kiém dinh
trén dir liéu cua 5 tran 1i (tir #19 dén #23) dé xem xét hiéu qua mo phong toan tran 1i dua
trén khong gian nghiém ban dau caa b 3 tham bién cha dao Tp, CN va Tc ¢ duoc tir hidu
chinh tht cong 18 tran lii. Hinh 8 du6i day thé hién cac nghiém ciia qua trinh do tim ty dong
theo thudt todn SCE-UA, thyc hi¢n qua hai giai doan cho tran 1t #22, day 1a tran 1{i c6 hinh
dang phirc tap nhat trong sb 33 tran 1i (Hinh 2).

Déi voi tran 1t #22, hiéu qua do tim dat rat tot voi chi sé6 KGE ting tir giai doan 1 (Gd1)
sang giai doan 2 (Gd2), @6 hoi tu cua ham muc tiéu 1 — KGE tét. Nghiém cua hai giai doan
dugc chon trén mat thoa hiép Pareto voi hai ham muc tiéu: (i) chi s6 hiéu qua KGE 1a16n
nhat (twong duong voi 1 — KGE nho nhat) va (ii) sai sb tong luong i VE (%) nho nhat.
Két qua mo phong tuong g vo1 b thong s6 t6i wru va ving tin cay Qsy— Qos% Va Q2506—Q75%
sau khi d loai nghiém x4u theo phan tich GLUE cho ca hai giai doan. Két qua trén Hinh 8
chi ra riang ving tin cay duoc thu hep dang ké va nghiém téi vu cling dwoc cai thién tir
KGE = 0,92 |Ién KGE = 0,95.
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Hinh 8. Két qua do tim ty dong théng sé mé hinh toan tran 1 c6 hinh dang phuc tap nhu tran 1ii #22
theo phuong phap SCE-UA, thuc hién qua 2 giai doan. Két qua md hinh Qopt Nhan dugc tir SCE-
UA va viing tin cdy theo phuong phap GLUE. Hiéu qua do tim rét tét véi chi sb KGE (Gdl1) = 0,92
tang Ién KGE (Gd2) = 0,95 va ving tin cdy ciing duoc thu hep dang ké.

Ngoai ra, sau khi thyc hién phan tich GLUE, dang phan bd x4c suat (h&u nghiém) cua
cac tham bién ciing dugc xac dinh. Két qua phan phéi xac suat caa 3 tham bién cha dao Tp,
CN va Tc cua tiéu luu vuc Subl, tir phan tich GLUE tran 1ii #22 thé hién ¢ Hinh 9. Trong
d6, hai biéu d6 dang phan bd diém (scatter) thé hién phan bd nghiém timg d6i mét (Tp- CN,
Tp-Tc, CN-Tc) trong khdng gian hai chiéu (2D) va ba biéu d6 dang khong gian ba chiéu
(3D) ¢ phia dbi dién dudng chéo thé hién thém chi s6 danh gia mé hinh KGE (co gia tri tir
0,5 dén 0,8 twong tmg dai mau tir tim dén do6). Biéu d6 dang 3D minh hoa rd hon cac cuc tri
dia phuong va cyc tri toan cuc trong khong gian nghiém caa cac tham bién. Ba biéu d6 dang
cot (histogram) thé hién phan b xac suat caa tirng tham bién Tp, CN va Tc.

Qua trinh nay duoc thuc hién tuong tu cho céc tran 1i khac. Tong hop cac chi sé danh
gia két qua kiém dinh chuong trinh ty dong do tim bo thong s6 mé hinh ti uu cho 5 tran 1i
qua hai giai doan thé hién chi tiét & Bang 6.

Bang 6. Chi sb danh gia két qua kiém dinh 5 tran 1ii (tir #19 dén #23) qua hai giai doan do tim ti wu.

Tran Lii KGE R? RRMSE PE % VE%
: Gdl Gd&2 Gdl  Gd2 Gdl Gd2 Gdl1 Gd2 Gdl Gd2
19 0,918 0,987 0,959 0,974 0,141 0,089 5,48 1,17 712 -0,23
20 0,537 0,783 0,858 0,863 0,245 0,210 -1953 437 -13,36 6,65
21 0,935 0,985 0,958 0,970 0,200 0,172 17,49 929 389 0,15
22 0,922 0,950 0,900 0,904 0,202 0,199 8,81 7,61 0,06 -0,03
23 0,886 0,882 0,797 0,781 0,246 0,237 8,73 1346 068 0,67
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Hinh 9. Phan phéi xac suit hau nghiém cua ba tham bién chii dao Tp, CN va Tc cua tiéu luu vuc
Sub1 tir phan tich GLUE trén két qua giai doan 1 cua tran i #22. Biéu dd cot thé hién phan b xac
suat caa ba tham bién chu dao. Mau séc thay doi tir tim dén do thé hién ting dan cua chi sé6 KGE.
Biéu d6 dang 3D thé hién cac cuc tri dia phuong va cuc trj toan cuc trong khdng gian nghiém cua
cac tham bién.

4.5. Két qua thir nghiém theo thoi gian thwe mua lii 2021

Dua trén két qua hiéu chinh va kiém dinh, chuong trinh do tim gia tri t6i wu cho cac tham
bién va cap nhat tu dong trong du bao theo thoi gian thuc cho 10 tran 1ii (tir s6 #24 dén #33)
dé danh gia hiéu qua 1am viéc ciia chuong trinh. Hinh 10 thé hién két qua du bao & cac budc
thoi gian t + 1 gio dén ¢ + 6 gio cua tran 1i #28. Tong hop két qua danh gia chat luong cua
mo hinh du bao & cac budce du bao (lead-time) thé hién chi tiét trén Hinh 11, cac chi s6 dat
muc rat tét &én budc t + 4 gio véi KGE > 0,85; sai s6 tong luong i VE < 10 %... va
két qua luén nam trong ving tin cay Qsu—Qoso.

Tu thoi gian du bao dai hon t + 6 gio, m6 hinh HEC-HMS cho luu vue Krong H'nang
c6 do tin cay kém dan, két qua nay twong dong voi phén tich twong quan mua-1d. Luu vyc
Krong H™nang voi thoi gian tap trung nudc va truyén vé cira ra luu vuc trong 4 dén 6 gio,
sau khoang nay (> ¢ + 6 gio), do tam thoi md hinh chua st dung thong tin tir mua dy béo
nén d¢ chinh xac va khoang tin cdy cua mé hinh khéng cao. De tang thoi gian dy bao (tirc dy
béo sém hon), c6 thé tich hop thém thong tin mua tur cac nguon nhu mua radar hay két qua
mua du béo cta cac mo hinh sd tri toan cau, hiéu chinh véi s6 liéu do mwa mat dat trén luu
vue dé dam bao do tin cay mua du béo, tir d6 lam dau vao bd sung cho m6 hinh HEC-HMS,
day 1a huéng giai quyét van dé trong nghién ciru tiép theo.
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Tran |0 # 28, budc du bao: 1 h
1500 1500
Qobs _ A Qopt
Q5-Q95 @ ---- y=4.15x5 112
1000 A P \ Q25-Q75 E 1000 A &,
N = = Qopt o
A 5 &
500 - " & 500 -
- «©
v e ——— =
0 T T T T T 0 T T T
0 5 10 15 20 25 0 500 1000 1500
Thai gian (h) Thyc do {(m3/s)
R2 KGE RRMSE PE % VE %
[ HEC-HMS 0.97 0.816 0.187 1.93 12.53
Tran 10 # 28, budc duy bao: 3 h
1500 1500
Qobs A Qopt
Q5-Q95 % ---- y=9.55x+1.01
1000 P Y Q25-Q75 E 1000 +
~ = = Qopt o
N S A
500 - NS S 5004 A2
- =3 <« (A
g e— = A
0 T T T T 0 T T T
0 5 10 15 20 25 0 500 1000 1500
Thai gian (h) Thyc do {m3/s)
R2 KGE RRMSE PE % VE %
[ HEC-HMS 0.933 0.933 0.159 -2.99 3.45
Tran |0 # 28, budc dy bdo: 4 h
1500 A 1500 -
Qobs N A Qopt
Q5-Q95 an‘ ---- y=43.73x4+0.84
1000 - Q25-Q75 £ 1000
-y
’, ~ Q = = Qopt g %
S 2 A
500 - R 5500 A
S S —— <E A
0 T T T T 0 T T r
0 5 10 15 20 25 0 500 1000 1500
Thai gian (h) Thyc do (m3/s)
R2 KGE RRMSE PE % VE %
[ HEC-HMS 0.849 0.36 0.23 -11.3 -6.76
Tran 10 # 28, buéc dy bdo: 6 h
1500 A 1500 A
Qobs A Qopt
Q5-Q95 % ---- y=172.41x%0.33
1000 Q25-Q75 £ 1000 A
= = Qopt =
o 2 A A
500 PASEEEN S 500 - e
/ T © -7 A
s i = S = A
0 T T T T 0 T T T
0 5 10 15 20 25 0 500 1000 1500
Thai gian (h) Thuye do {m3/s)
R2 KGE RRMSE PE % VE %
[ HEC-HMS 0.417 0.314 0.543 -41.87 -31.53

Hinh 10. Két qua thir nghiém du bao 1i tran 1 #28 & cac bude du béo (lead—time) tir ¢ + 1 dén
t 4+ 6 gio. Trén hinh bén trai, duong lién mau cam 1a luu lugng thyc do Q,ys, dudng nét dirt mau
xanh I nghiém téi wu Q,,,. VUng mau thé hién cac khoang tin cay Qsy—Qoss Va Qase—Qrsys Clia két

qua du béo.
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HEC-HMS: Trén 10 # 24-33
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Hinh 11. Tong hop cac chi tiéu danh gia sai s6 md hinh cho 10 tran 1 (tir #24 dén #33), & cac bude
du béo (lead-time) tir t + 1 dén t + 8 gio v6i do chinh xac dat rat tét trong khoang t + 4 gio tro
lai (KGE > 0,8). Tr t + 6 gio chét lugng du bdo kém dan. Pudng mau do thé hign gia tri tot nhat
cua chi s6 danh gia.

5. Két luin

Nghién ctru nay di xdy dung méi chuong trinh ty dong hod do tim bo thong s téi wu
ctia md hinh HEC-HMS trén nén tang thuét toan SCE-UA, mot trong nhitng thuat toan do
tim t8i wvu manh nhat hién nay, thay thé cho thu tuc do tim tha cong, khong phu thude va
tranh sai so6t chu quan ctia ngudi dung, phu hop cho viéc du bao 1 theo thoi gian thyc.
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Dir liéu mua—lii trén luu vyc hd thuy dién Krong H’ning (tinh Dak Lak) v6i 33 tran Ii
quan sat tir thang 9/2016 dén thang 12/2021 da duogc sir dung d€ hi¢u chinh, kiém dinh va
danh gia do chinh xac cia mo hinh HEC-HMS. Cu thé, s6 liéu thuc do 18 tran 18 duoc st
dung nham (i) tim ra khéng gian kha nghiém cta cic tham bién va (ii) giam b6t sé luong
tham bién tir viéc phén tich d nhay cta céc loai tham bién khac nhau. Ba loai tham bién chu
dao Tp, CN va Tc duoc x4c dinh, viée ndy gitip giam dang ké s6 chiéu khong gian tim kiém
tir 50 xudng con 18 chidu. Dua trén két qua nay, chuong trinh dugc kiém dinh trén dir liu
ctia 5 tran 1d (tir #19 dén #23) va cap nhat tu dong trong du bao theo thdi gian thuc cho 10
tran 10 (tir #24 dén #33) vé ho chia Krong H’nang. Két qua cho thay chuong trinh ¢6 kha
ning du bao rat tot dén budc thoi gian t + 4 gio. Cac chi sb danh gia dat muc cao (KGE >
0,85; sai s tong luong it VE < 10 %) va két qua luén nam trong ving tin cy Qse—Qos.
Bén canh d6, nghién ciru ciing chi ra rang can bo sung thém thong tin mua dy bao tir cac
nguén nhu radar hay két qua mua dy bao cua cac mo hinh s6 trj toan cau da duoc hiéu chinh
véi mua thue do trén luu vue dé tang dJ tin cay ¢ cac budc duy bao sém hon, mang lai su chu
dong, tin cdy va hiéu qua hon cho cac ké hoach tung pho voi mua L.

bong gop cua tac gia: Xy dung y tuong nghién ciru: N.P.S., N.T.H.; Lya chon phuong
phéap nghién ctiru: N.P.S., N.T.H.; X 1y s6 liéu: N.P.S, N.T.H; Viét ban thdo bai bado: N.P.S.,
N.T.H.; Chinh stra bai bao: N.P.S., N.T.H., N.T.H.

Loi cam on: Nguyén Phudc Sinh duoc tai tro boi Tép doan Vingroup — Cong ty CP va hod
trg boi chuong trinh hoc bong dio tao thac si, tién si trong nudc ctia Quy Do6i méi sang tao
Vingroup (VINIF), Vién Nghién ctru Dit li€u l6n (VinBigdata), ma so VINIF.2021.ThS.97.
Céc tac gia tran trong cam on Cong ty Co phan Song Ba di cung cap sb liu str dung trong
nghién clru nay.

Loi cam doan: Tap thé tac gia cam doan bai bao nay la cong trinh nghién ctru cia tap thé
tac gia, chua duoc cong bd ¢ dau, khong duge sao chép tir nhitng nghién ctru trude day;
khong c6 sy tranh chap loi ich trong nhom tac gia.
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Automatic calibration of HEC-HMS model using Shuffled
Complex Evolution (SCE-UA) algorithm
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Abstract: Verification and calibration of the HEC-HMS hydrological model using a trial—
and—error procedure usually costs modelers a lot of time and effort and more importantly,
the set of parameters found is often not optimal. This paper presents the results of
developing an automatic program that allows the automatic search of the optimal set of
parameters of the HEC-HMS model based on the SCE-UA algorithm. First, the Latin
Hypercube sampling method is used to efficiently obtain the parameter values widely across
the feasible solution space. Then the SCE-UA method is used to search for the optimal
solution through complex shuffling and evolution based on the initial sampling values from
the Latin Hypercube Sampling method. The problem is usually multi—objective, so the
optimal solution is therefore selected based on a Pareto front and evaluated for uncertainty
by the GLUE method. The program has been and is being applied to the Krong H'nang
hydropower reservoir in Dak Lak province. The authors use real data measured from 18 out
of 33 floods observed in the period 2016-2021 to narrow the initial feasible solution space
and to reduce the parameter dimensions (from 50 to 18) by identifying the three governing
parameters Tp, CN, and Tc through sensitivity analysis. This helps to enhance the search
speed and the convergence of the optimal solution. Based on this result, the program
searches the optimal value for the parameters and updates them automatically in the real—
time forecast. The results of the validation of the next 5 floods and testing of the remaining
10 floods give good results up to the time step t 4+ 4 hours. The evaluation indicators are
high (KGE > 0.85, volume error VE < 10 %) and the result is always in the confidence
range Qso—Qos%.

Keywords: HEC-HMS; Auto calibration; SCE-UA; Real-time flood forecasting; Krong
H'nang.
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Tém tit: Nhimg nim gin day tinh hinh sat 16 bo bién, bo sdng ngdy cang nghiém trong va
dién bién phtrc tap. Tan sudt xay ra thuong xuyén va cuong do ngay cang manh hon, dir doi
hon va khong dy doan trudc dugc. Muc ti€u cia bai bao 1a xac dinh cac nguyén nhan sat 16
bo song tinh Tra Vinh st dung phuong phéap diéu tra va do dac thuc dia va 1ap bang cau hoi
phong van ngudi dan va chinh quyén khu vuc sat 16. Két qua cho thdy rang co 4 nguyén
nhan chinh d6 la giao thong thuy, tac dong cua song va thuy triéu, nao vét long song va dap
nén duong, dia chat yéu va mot s6 nguyén nhan phu khac nhu luong phu sa giam do cac déap
& thugng ngudn, khai thac cat, muc nudc ngam ha thap va syt lan mat dat. Két qua nghlen
clru ndy la co so gitp nguoi dan, chinh quyén cac cap c6 cai nhin téng quan dé co giai phap
g pho hop 1i cho phat trién bén viing tai nguyén dat.

Tir khoa: Sat 10; Dia chét yéu; Bo song; Tra Vinh.

1. Gi6i thi¢u

Pong bang song Cuu Long (BBSCL) co nhiéu hé thong kénh chang chit v6i nhau va déu
thong ra bién Pong. Hién nay, do nhleu nguyén nhan khac nhau ma tinh hinh sat 16 tré nén
tram trong gy anh hudng dén doi séng nguoi dan trong khu vuc. Tra Vinh 14 tinh ven bién
khu vuc BPBSCL dang chiu tdc dong manh cua bién ddi khi hdu—nuéc bién dang dén moi mat
cua hoat dong kinh té, xa hoi, méi truong va tu nhién. Trong 10 nam gﬁn day, sat 16 bo song
dién ra rat nhanh va c6 xu thé ting dan theo timg nam tai Tra Vinh gay thiét hai vé ha ting,
hoa mau, 1am suy thodi tham ring ven song, de doa truc tiép ti nha cira, sinh mang va sinh
ké ctia nhan dan. Pay 13 van dé rat khé khan, c6 thé ké ra rat nhiéu nguyén nhan bao gdm cac
nguyén nhan khach quan, chu quan hay vira khach quan cong thém chii quan va ciing c6 thé
noi cach khac 1a nhan tai, thién tai hay 14 thién tai c6 thém yéu t6 nhan tai cong hudng. Do
tinh phtrc tap ctia van dé sat bo séng bo bién duge nhidu nguoi quan tim theo ddi nghién ciru
xtr 1y, trude tinh hinh dién bién ciia bién d6i khi hau ngay cang rd nét hon.

Theo sb liéu thu thap hién tai trén song Tién c6 trén 202 diém sat 16 véi téng chiéu dai
218 km, song Hau c6 trén 90 diém sat véi téng chiéu dai 183 km va khu vuc tinh Ca Mau c6
61 diém sat v6i tong chiéu dai 150 km. Néu xét trén toan bd song & PBSCL thi tong sb diém
sat 1én dén 665 diém voi tong chiéu dai 1048 km. Van d¢é sat 16 xay ra tir nhiéu thap ky, tuy
nhién hién tuong sat 10 trong thoi gian 10 nim trd lai ddy da xay ra cang lac cang tram trong
va toc do sat 16 cang luc cang gia tang [1].

Theo bao cao cua Uy ban nhan dan tinh Tra Vinh thi Sat 16 bo song: Phia song Hau thudc
cac huyén Cau K¢, Tiéu Can, Tra Ct; phia séng C6 Chién thudce cac huyén Cang Long, Chau
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Thanh, Cau Ngang va thanh ph6 Tra Vinh sat 16 tir 1,5-50,35 km. Sat 1¢ bo bién: Khu vuc bo
bién 4p Nhi, xd My Long Nam (huyén Cau Ngang), b bién xd Hiép Thanh (thi xd Duyén
Hai), khu viyc Con Nhan, xi Dong Hai (huyén Duyén Hai) sat 16 tir 6-8 km [2].

Cac nghién ctru da danh gia duoc hién trang, qué trinh dién bién x6i 16, bdi tu bd song;
du bao x06i 16 (dua trén cac mo hinh toan thuy van, thuy luc; cong thirc kinh nghiém...) cho
mot s6 khu vuc trong diém; danh gia tac dong khai thac cat dén thay d6i long dan song [3];
mdt s6 cong trinh d4 duoc thyc thi nham han ché x6i 16, nhét 13 giai phap khoa hoc va cong
nghé [4-5] va budc dau phat huy hiéu qua. .. Tuy nhién, nhitng nghién ctru chu yéu duoc thuc
hién bang cac phuong phap riéng 1¢ nén nhiing két qua thu duogc cht yéu mang tinh chét tham
khao. Mit khac, nhitng phuong phap (vét li, mé hinh thaty van — thay luc...) doi hoi s lidu
dau vao 16n va di dai méi dam bao do tin cay; ngudn kinh phi 16n [6-8].

X6i 16 bd song do tic dong tir séng sinh ra boi tau, thuyén 1a mot van dé ngay cang
nghiém trong trén nhiéu con song, dic biét 1a & giita va pham vi cira song gidng nhu tinh Tra
Vinh. M6t thi nghiém duoc thiét ké dé lién két toc do x01 mon bo voi cac dac diém song dé
do, dugc thue hién trén song Gordon ¢ Tasmania, cung cap thong tin hiru ich cho viéc quan ly
song Séng tao ra tir mot chiée thuyen mot s dic diém da duoc do luong va hau hét cho thay
moi twong quan cao voi ty 1€ x61 16 bo séng do duge. Chiéu cao song t6i da ctia thuyén 13 bién
phap do don gian nhat va c6 lién quan tryc tlep ctia nang luong x61 mon, phu sa cat khong con
vitng chic & d6 cao song tir 30 dén 35 cm. O tat ca cac d6 cao song t01 da trén 35 cm, cac tram
tich ve bo bi x6i mon mot cach nghiém trong. Giam d6 cao song tdi da xudng < 30 cm bang
cach han ché toc do thuyén va giam tan suat di lai caa thuyén, gitp han ché qué trinh x6i 16 bo
song mot cach 1o rét [9].

Mt 6n dinh cta b song 14 mot van dé 16n cho ca xa hoi va cac khia canh moi trudng,
dac biét la trong truong hop ha thap va dang cao cua muc nudc. Su dung cac mod hinh don
gian hoa két hop véi su bién d6i muc nude ngam va phan tich on dinh tai vi tri bo song voi dir
liéu thuy van dia phuong, ching t6i ching minh rang nguy co sat 16 bo' song khi myc nude
giam xuong. Diéu nay 14 do su cham tré cta viéc ha thip muc nudc ngam va ap lue 16 rong
cao trong dat. Do d0, nguy co nay ting dang ké néu muyc nuoce ngam ¢ ngay gan bo song cao
hodc giam muc nude song nhanh chéng. Hon nira, h¢ s6 tham cua dt ciing gay ranguy co sat
16 bo song: hé s6 tham ciia dat cang thap thi nguy co sat 16 bd séng cang cao néu myc nudc
giam va nguoc lai [10]. Hién tuong sat 16 trén song rach ¢ DPBSCL da dugc nghién ctru kha
nhiéu [11-14] va chi ra 7 nguyén nhan anh huong dén dién bién sat 16 bo song nhu sau: dia
chat; dia hinh—hinh thai song; che d6 thiy luc; ché do phu sa bun cat; khai thac cat; giao
thong thity; xdy dung co sé ha ting. Sat 16 b bién, song dang xay ra va c6 chiéu huéng ngay
cang gia tang. Do do, viéc nghién ctru nghién ctru phan tich nguyén nhén sat 16 bo song tinh
Tra Vinh c6 y nghia dac biét quan trong phuc vu quy hoach bdo v¢é bo song dam bao phat
trién kinh té—xa hoi bén vimg.

2. Phwong phap nghién ciru va dir liéu
2.1. Khu vuc nghién ciru

Tinh Tra Vinh 14 tinh tiép giap v6i bién Pong, Bic va Tay Bac giap tinh Vinh Long;
Pong giap song Co Chién, ngin cach véi tinh Bén Tre; Tay giap song Hau, ngin cach véi
tinh Sé¢ Trang; Nam va Dong Nam giap bién véi chiéu dai hon 65 km. Tong dién tich dét tu
nhién cta tinh Tra Vinh 13 229.500 ha. O dia thé ndm kep gitra hai con song 16n: séng Hau va
song C6 Chién, co hai cira song Cung Hau va Dinh An 13 hai cira song quan trong clia viing
DPBSCL thong vai bién Pong. Hé théng song tinh Tra Vinh 14 phan ha luu ciia song Mé kong
nam trong lanh tho Viét Nam, c6 hé thong séng kha day dic, bao gdm hé théng song tu nhién
va kénh dao kha phat trién, rong, su & cira, hep va can dan khi vao trong ndi dong [15] (Hinh

1). Do gan bién, bién d¢ va muc nudc trén song kha cao nén tiém nang tiéu ty chay & day rat
16n, do mot phan song c6 su gidp nude tir cac hudng song C6 Chién nén bién do triéu tat
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nhanh [15]. Bén canh d6, cac song ndi dong & ché do thuy tridu ban nhat triéu khong déu,
trong ngay c6 2 lan nudc 1€n va 2 1an nude xuong.

SONG COYCHIEN \
SONG MY THO
®J GIANG

SONG HAMLUONG

— Kénh

B Song chinh
3 Ranh gigi tinh
L..J Ranh gidi huyén

0 10 20 km

Hinh 1. Ban d6 hé thdng séng tinh Tra Vinh [15].
2.2. Thu thép sé liéu

2.2.1. Piéu tra thuc dia va khao sat do dac

Pay 1a phuong phap dugc st dung nhiéu trong nghién ciru vé dién bién duong bo song
trudc ddy va hién nay. Mudn biét rd duge hién trang, nam bt cy the - nguyén nhan thi cac tai
liéu, dit liéu diéu tra hién truong nhu hinh anh, phiéu khao sat 1a rit cn thiét. Khao sat do dac
méi dit liéu thiy van, dia hinh 14 cuc ky quan trong dé danh gia mot cach chinh xac dién bién
10ng song, ché do6 thiy dong lyuc tai vi tri trong diém thong qua st dung céc thiét bi, phuong
tién do dac, phan tich hién dai nham dam béao do tin cdy cac s6 liéu thu dugc.

Do tinh hinh sat 16 mdi noi khac nhau, tity vao vi tri khu vuc ma c6 bang khao sat khéac
nhau. Tai tinh Tra Vinh giap bién Dong va ndm giira 2 con song Tién va song Hau nén nhom
nghién ctru thuc hién khao sat v6i 34 diém trong toan tinh Tra Vinh ¢6 01 Tp. Tra Vinh, 01 thi
xa va 06 huyén (Hinh 2).
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Hinh 2. Vi tri sat 6 tinh Tra Vinh.
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Hinh 3. Vi tri sat 1¢ tai séng Tam Ngéi huyén Cau K@, tinh Tra Vinh.

2.2.2. Bang céau hoi khao sat

Bang cau hoi dugc thiét 1ap dua trén cac diéu kién dic thu tai tinh Tra Vinh va dugc
phong vén tryc tiép nguoi dan sinh song trén 10 ndm xung quanh khu vyc sat 16 hodc can b
quan li phong kinh té va ha tang cac thanh phd, thi xa va huyén ¢ khu vuc khao sat. Bang
cau hoi bao gom cac cot nhu: Tuyén song, vi tri sat 10, chiéu dai sat 1o, chiéu sau sat 16, mirc
d6 sat 16, dia chat hién trang sat 10, chidu cao muc nudc 1én xudng, nguyén nhan sat 16 mirc
do boi lang (neu c0), thoi diém sat 16 va ho tén va chit ki nguoi duge khao sat.

2.2.3. Phan tich s6 liéu

Vi 34 diém khao sat trong toan tinh Tra Vinh, nhom nghién ctru tién hanh phan tich sé
lidu tir d6 phan tich so liéu xem nguyén nhan nao chiém da so, nguyén nhan nao it hon de tur
do ta c6 két qua dugc phan tich thé hién trong phan két qua va thao luan.

3. Két qua va thao luin

3.1. Két qua

Céc vi tri sat 16 véi tong cong 34 diém khao sat trong nim 2022 va duoc mé hoa thanh ki
hiéu riéng. Theo d6 huyén Cau Ké c6 9 diém, Cau Ngang 4 diém, Cang Long 3 diém, Thanh
phé Tra Vinh 1 diém, Tra Ca 4 diém, Duyén Hai 3 diém, Thi xd Duyén Hai 6 diém, Tiéu Can
3 diém. Trong d6 huyén Cau Ngang c6 chiéu dai sat 10 trung binh nho nhat véi chiéu dai sat
16 16n nhat 12 30 m thap nhat 1a 5 m, nguoc lai huyén Cang Long c6 chiéu dai sat 16 trung binh
16n nhit véi chiéu dai sat 16 16n nhat 1a 330m thap nhat 1a 180 m. Song song d6, chiéu siu sat
16 sau nhét ¢ huyén Tra Ct trung binh 14 16n nhat véi chiéu sau 16n nhat 1a 5 m va nho nhat 1a
4 m. Ké dén 1a huyén Cau Ngang véi chidu sdu sat 10 trung binh nho nhét véi chiéu sau 16n
nhét 1a 3 m va nho nhat 1a 2,5 m. Ngoai ra, chiéu sau myc nudc 1én xuong thi Thanh phd Tra
Vinh cao nhét 14 4 m, huyén Cau Ngang la huyén co chidu sdu myc nudc 1én xudng trung
binh nho nhit véi chiéu sau thap nhat 0,8 m va cao nhat1a 1,2 m (Hlnh 4). Tiép theo o, thoi
diém gy ra sat 16 nhiéu nhat 1a nim 2020 véi téng cong 1a 19 diém.
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Hinh 2. Chiéu dai (a), chiéu sau sat I& (b) va muc nudéc 1én xudng (c).

3.2. Thdo lugn

Qua két qua khao sét ta tién hanh tinh toan tong hop theo ti 1& % khi d6 c6 cac nguyén
nhan cu thé nhu sau:

- Do giao thong thuy (tau thuyén qua lai hodc neo dau) chiém 44,12%: Hién nay tinh Tra
Vinh véi luu lugng giao thong thily ting rat nhanh dé van chuyén hang hoa va vat ligu xay
dung, két hop van chuyén lua gao. Trén cac song cua tinh Tra Vinh luu lwong tau thuyén véi
tai trong dao dong tir khoang 280—1050 T khi d6 chiéu cao song dao dong khoang tir 0,2-0,5
m. Theo [16] da thyc hién mot s6 do dac thyc dia vé cau tric bo va chuyén dong cua tau dé
danh gia tac dong tiém tang cua song do tau gay ra d6i voi giao thong ra vao song Hau. Két
qua 13, cac bo séng co thé chong lai tng suat cat ngoai boi chleu cao song t6i da tir 0,4 dén 0,6
m. Do d6, dat doc theo ludng tau Hau c6 thé chdng lai img suat bén ngoai 1,2-2,0 T/m? ¢o thé
tao ra boi song tau cao 0,4-0,6 m. Tir d6 ta thy rang, trén hé thong song tinh Tra Vinh da sd
tau thuyén di chuyén tao ra chiéu cao song tir 0,2—0,5 m, két hop song do gié mua Tay Nam
gay ra nén chiéu cao song s& cao hon, dan dén 1a gy ra Gmg suat ngoai s& 16n hon 2,0 T/m?,
két hop véi déat yéu (bun sét) voi chidu day khoang 15m nén giy ra sat 16 bo séng trong tinh
Tra Vinh.

- Do tac dong cua song va thuy tridu chiém 29,41%:

Khi hau Tra Vinh mang tinh chét chung cua khi hau nhi¢t do1 gié mua chiu tdc dong boi
gi6 miia Dong Béc va Tay Nam. Do sy bién ddi cac dang hoan luu khi quyén mang tinh tuan
hoan nén ché do gi6 ciing co su bién d6i tudn hoan. Tir thang 5 dén thang 11, hudng gi6 vu
thé 1a Tay dén Téay Nam. Nhiing gi6 c¢6 thanh phan Pong chiém mot tan suat khong dang ké.
Tur thang 12 den thang 4 nam sau, huong gio thuong xuyén vao mua nay la gio Bong dén
Dong Nam voi tin suit cao. D6i v6i nhimng thang 01 dén thang 4 gi6 thanh phan Dong chiém
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wu thé. Pac biét gié co thanh phan Tay c6 tan suat khong dang ké dudi 10% chii yéu 1a cac
thang chuyén mua [17]. Céc song nay gay ra x6i 16 mai bo dém dan gay sat truot bo.

Song song do, thuy tridu ¢ tinh Tra Vinh 1 ban nhat tridu nén c6 anh hudng vé van toc
triéu 1én va triéu xudng theo mua, tir d6 gay ra anh hudng dén myc nude trong song dan dén
gdy x6i 16 mai. Thém vao d0, do doan song cong kém véi 10ng song bi bién ddi lam cho thay
d6i ché d6 dong chay lam thay doi, bién dong thudc tinh cta dét tinh trang nay khong c6 kha
nang cai thién.

— e —— Thang 1
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Hinh 5. Muc nuéc theo nam tai tram Tra Vinh ndm 2020 [18].

- Do nao vét long song va dap nén dudng chiém (17,65%):

bdi véi céac long song ¢ tinh Tra Vinh dugc nao vét dinh ki tao diéu kién cho viéc
dan nudc vao kénh noi dong kém véi d6 1a cho viée tau thuyén qua lai thuan tién. Chinh
vi vay, gdy ra kha nang khang x0i, chong sat trugt kém. Thém vao d6 1a dép nén dudng
hodc phat trién ha ting ven song dan dén 1a ting tai trong gy trugt mai bo 1am cho sat 16
tré nén dé dang hon.

- Do dia chat yéu va vi tri gin ctra cdng khong c6 ké gia cb (8,82%):

Céc tinh PBSCL da s6 14 nén dat yéu (bun sét), trong d6 tinh Tra Vinh c6 chiéu day
16p bun set khoang 15 m [19] nén dé bi x6i 16, sat truot va tan ra.

Ngodi ra, con mot sd nguyén nhan phu khac nhu cac dap ¢ thuong ngudn dan dén 1a
luong phi sa & PBSCL giam di rat nhiéu. Theo dd, [20] cho rang lugng phi sa gidam
166,7 triéu tAn/nam trong giai doan khi chua xdy dung dap va giam 43,1 triéu tin/nim
trong giai doan 2012-2015 khi c¢6 xdy dung cac dap. Thém vao d6 [20] cho rang luong
khai thac cat ¢ cac long song & PBSCL 1a 14,8%, con lai 1a do xay dung cac dap thuy
dién o thuong ngudn din dén luong cat & cac 10ng song bi mat di. Nguyén nhan khac nira
la muc nudc ngém 0 Tra Vinh ha thép dan dén 1a mat dat bi sut lan trong giai doan
2001+2016 14 28,79 cm, tuong tng véi toc do lan trung binh 12 1,83 cm/nam [21].

Theo d6, [22] cho rang bién ddi séng c6 thé da giy ra boi sy giam tai lugng phu sa &
DBSCL (tir 166,7 triéu tin/nam trong thoi ky trude khi xay dung dap xudng con 57,6 triéu
tAn/nam trong thoi ky sau khi xay dung dap) va tang khai thac cat (tir 3,9 triéu m3 trong nim
2012 1én 13,43 triéu m3 trong nam 2018).

— Mo phong mé hinh bang phan mém Geoslope:

Can ctr vao dia hinh, dia chat dic trung khu vuc nghién ctru va thong s6 dau vao thay luc
cho mo hinh dugc mé phdng cho 4 trudong hop.
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Trrong hop 1: Biéu kién lamviéc ban dau
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Hinh 6. Cot dia chét tai huyén Cau Ke tinh Tra Vinh [19].

Hinh 7. Bo ké 1am viéc & trang thai 6n dinh ban dau.

Trwong hop 2: Mwc nwéc chénh léch do thay tridu

Taitrong: 2 kN/m2
FS: 1.020

Hinh 8. Muc nudc chénh léch do thay triéu.

25
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Trudng hop 3: Ddy séng bi nao vét, x6i mon
Tai trong: 2 kN/'m2
FS: 0.960

seee

L&p 3: Sét, déo chay

Hinh 9. Pay song bi nao vét, x6i mon dan dén chénh léch do cao giira dinh va day bo ke.

Trwong hop 4: Dép thém nén dwéng, thi céng thém cac cong trinh khac
Tai trong: 5 kN/m2
FS:0.836

Hinh 10. Dap nén duong, thi cdng thém céc cong trinh ha ting gay ting tai trong sau ké.

Bang 1. Két qua kiém tra 6n dinh.

Truong Mb ta FS [FS] Két luan
hop
Diéu kién lam viéc ban déu, tai trong sau .
THL L& 1a xe chay 13 2 kKN/m? ‘ 1257 12 Khong truot
TH2 Muc nudce chénh 1éch do thuy tricu 1,020 1,2 Truot
TH3 Be}y s@ng bi nao vét, X461 mon 0,960 1,2 Truot
TH4 bap nén duodng, thi cong thém cac cong 0836 12 Truot

trinh ha tang gy ting tai trong sau ké

4. Két lugan

26

V6i két qua nghién ciru cho thay 1a co rat nhleu nguyén nhan din dén sat 16 b song tinh
Tra Vinh, ma c6 4 nguyén nhan chinh va mot sb nguyén nhén phu gdy ra. Trong d6 moi
nguyén nhan duoc xac dinh theo thi tu tir cao dén thap dé gitip ta thiy rang nguyén nhan nao
duoc uu tién. Chinh vi vay, tu két qua ma ta ciing biét dinh tinh va dinh lwong mdt cach chi
tiét. Tir 40, giup cho cac nha khoa hoc c6 y tuong dé dua ra giai phap mém hoic cimg dé bao
v¢ bo song tinh Tra Vinh an toan hon ¢ hién tai va trong tuong lai. Tir nghién ctru nay c6 thé
gitip anh cho nguoi dan, nha quan 1i, nha khoa hoc ¢6 céi nhin tong quan dé tir 6 c6 ké hoach
{rmg pho cho phu hop hodc giam thiéu dé tranh sat 1& x4y ra nghiém trong hon. Tuy nhién, han
ché cua nghién ctru nay 1a chwa xac dinh duoc téc do sat 16 hang nim 1a bao nhiéu dé nguoi
dan va chinh quyén c6 giai phap ing phé hop 1i cho timg vi tri cu thé trong khu vuc nghién

cuu.
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Dong gop cuia tac gia: Xay dung y tuong nghién ctru: H.V.H., HH.T.,, N.G.T.,, N.T.C.; Lua
chon phuong phap nghién ciu: H.V.H., HH.T., N.G.T., N.T.C.; Xt ly s6 lieu: H.V.H.,
H.H.T., N.G.T., N.T.C.; Phan tich miu: H.V.H., HH.T., N.G.T., N.T.C.; Liy mau: H.V.H.,
H.H.T., N.G.T., N.T.C.; Viét ban thao bai bao: H.V.H., HH.T., N.G.T., N.T.C.; Chinh sira
bai bdo: H.V.H., HH.T., N.G.T., N.T.C.

Loi cam doan: Tap thé tac gia cam doan bai béo nay 13 cong trinh nghién ctru cta tip thé tac
gia, chua dugc cong bo ¢ dau, khong duoc sao chép tir nhirng nghién ctru trude day; khong cod
su tranh chap o1 ich trong nhom tac gia.
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Study of causes riverbanks erosion: Case study of Tra Vinh
Province
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Abstract: In recent years, the situation of coastal and riverbank erosion has become more
and more serious and complicated. The frequency is frequent and the intensity is getting
stronger, more intense and unpredictable. The objective of the article is to identify the
causes of riverbank erosion in Tra Vinh province using survey and field measurement
methods and prepare a questionnaire to interview people and government in the landslide
area. The results show that there are 4 main causes, which are navigation, wave and tidal
action, dredging of the river bed and embankment, and soft soil respectively, and some other
secondary causes such as reduced alluvium caused by dams upstream, sand mining,
lowering of groundwater levels and land subsidence. This research result is the basis to help
people and administration at all levels have an overview to have a reasonable response
solution for the sustainable development of land resources.

Keywords: Erosion; Soft soil; Riverbank; Tra Vinh.
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Tém tit: Luu vuc song Bui 1a mot trong nhitng ving phat trién kinh té trong diém cua thi
d6 Ha Noi, tuy nhién luu vyuc nay lai thuong xuyén xay ra ngap Gng. Bai bao trinh bay két
qua nghién ciru da str dung mé hinh MIKE FLOOD két hop v&i phan mém ArcGIS dé danh
gia dién bién ngap lut va xay dung ban dd ngép lut, ing cho luu vuc song Bui va ving phu
can theo céc kich ban. Nghién ctru da tinh toan bang mé hinh thiyy luc 1d 1 chiéu va 2 chiéu
trén cac song va ving ngap trong khu vuc nghién ctru v6i cac kich ban tan suat mua, i 1%,
2%, 5%, 10%. Két qua tinh toan dugc stir dung dé xay dung ban dd ngdp lut turong tng vi
cac kich ban tan suét cho luu vuc song Bui va ving phy can. San pham ctia nghién ctru cd
thé duogc 4p dung gitp cac co quan quan ly chuédn bi cling nhu tmg pho giam thiéu thiét hai
khi c6 1i lut xay ra trén dia ban.

Tir khéa: Song Bui; Ban db ngap lut; MIKE11; MIKE21.

1. Gi6i thi¢u

Viét Nam 13 mot trong nhitng nuéc chiu anh hudng ning né cua bién ddi khi hau
(BDKH). Nhimng bién d6i nay duoc gay ra do qua trinh dong lyc cua trai dat, birc xa mat troi
va mot phan hoat dong cua con nguoi. Trong diéu kién phirc tap cia BDKH toan cau, loai
hinh thién tai ty nhién c6 ngudn gdc khi tugng thity van dic biét 1a tai bién 1ii lut 1a mot loai
hinh thién tai xdy ra & mtrc d0 va cuong do ngay cang manh hon, gay ra nhirng thi¢t hai nang
né cho ccon nguoi va moi truong. Thién tai 1a lut tre thanh mdi de doa thuong xuyén déi véi
san xuat va doi song. Nhirng moi de doa nay ngay cang tr¢ 1én nghiém trong hon khi mat do
dan s tang 1én va céac hoat dong kinh té xa hoi ngay cang phat trién.

Viéc nghién ctru tong thé danh gia tic dong ciing nhu nhing thiét hai cia mua i gay ra
v6i doi sdng kinh té x4 hoi luu vue séng Day noi chung va luu vuc song Bui va phu can noi
rleng [l 2], tir 6 co nhimg phuong phap ng pho6 voi mua lu trong twong lai dang dat ra rat
cap thiét. Trén thé gidi, trong nhimg nim gan dy di c6 nhiing thay doi cin ban trong quan
diém va phuong thirc img pho voi thién tai n6i chung va vai 1a lut noi riéng. Thé gioi dang
chuyén dan tir phuwong thirc phong chdng sang thich (mg. Mot trong nhimg khai niém dugc
nhiéu nudc ap dung hién nay 1a “Room for rivers”. O Viét Nam, nghién ctru vé 1ii va ngép lut
da dugc quan tdm nhiing nam gan déy, dic biét 1a st dung nhiing céng nghé méi nhu vién
tham va mua vé tinh [3-4]. Pic biét 1a cac nghién ctru vé xdy dung ban d6 ngap lut tir d6 dé
xuét cac giai phap cho van dé ngap lut va nghién ciru xay dung ban d6 ngéap lut nhu 1a mot
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cong cu hd tro cong tac tmg pho véi thién tai da duoc trién khai & nhiéu ving ¢ Viét Nam [5-
12].

Céc phuong an giai quyét trinh trang ngp lut dwa ra hau hét tip trung vao chinh tri dong
chay bang viéc xay dung cac cong trinh. Ngay tai thu d6 Ha Noi, trén dia ban tip trung dong
dan cu thudc cac huyén Chuong My, Quédc Oai lai thuong xuyén xay ra tinh trang ngép lut
lam anh huong t61 doi song dan sinh kinh té va bo mat cta thi d6. Du hay xay ra ngap lut
nhung dén nay chua c6 nghién ctru cu thé nao duogc ap dung cho luu vuc nay. Nhitng nim gan
day, thanh ph Ha Noi ciing dd quan tim dén tinh trang ngap lut dén dia ban nhung cac giai
phap chi dang & quy mé cuc bo nhu viée 1én dé & mot sd vi tri trén tuyén dé Ta Hitu Bui, cac
giai phap chwa mang lai hiéu qua r6 rét.

Dé danh gia rui ro ngap lut d6i véi luu vye song Bui va vang phu can, nghién ciru nay s&
{rmg dung m6 hinh thuy luc 14 bd phan mém ho MIKE gébm MIKE 11, MIKE 21FM va MIKE
FLOOD dé nghién ctru dong chay lii trén cac song Tich, Bui, Pay, Thanh Ha, song Con, két
hop v6i phan mém ArcGIS xay dung ban d6 ngap lut, danh gia nguy co ngap lut cho luu vue.
Ngoai két qua ban d6 ngap lut, bd cong cu md hinh thity luc ¢6 thé ban giao cho cac s ban
nganh c6 chuyén moén sir dung cho viéc dy bao 1t sém cho luu vuc.

2. S0 liéu sir dung va phwong phap nghién ciru

2.1. Pham vi nghién ciru

Luu vuc song Bui va viing phu can (bao gdm séng Tich, song Day) ¢ dién tich luu vuc
1a khoang 1.726 km?, duogc gii han boi song Pa song Hong & phia Bic, song Day & phia
bong va phia Nam, phla Tay la duwong phan luu véi luu vuc song Hoang Long (Hinh 1).

BAN DO BIA GIOT HANH CHINH LUU VUC SONG BUI <7 s
VA VUNG PHU CAN
TY LE 1: 200 000

T.HOA BINH

CHU GIAT

BT by e s = -l

Hinh 1. Ban d6 luu vuc song Bui va phu can.
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V& pham vi hanh chinh luu vuc séng Bui va ving phu cén bao gdm cac huyén, thi sau:
Ba Vi, Son Tay, Phuc Tho, Thach That, Quc Oai, Chuong My, My Birc (Ha Noi) va huyén
Luong Son (Hoa Binh), trong do, khu vuc chiu ngép lut, ing nghiém trong 1a phia hiru Bui
ctua huyén Chuong My va hiru Tich cua Qudc Oai, bao gdbm cac xa Thuy Xuan Tién, Thanh
Binh, T4n Tién, Nam Phwong Tién, Hiru Vin, Hoang Van Thy, My Luong, Tran Phu, Hong
Phong va Dong Lac (Chuong My), Dong Yén (Quoc Oai).

Vén d& ngap 1 trén luu vire song Bui 13 vin dé phirc tap vira c6 nguyén nhan I trén song
16n tran vao trong dong, vira ¢6 nguyén nhan tu 1a nai (1t rung ngang) chay tran qua luu vyc,
vira phai nghién ctru viée chuyen 10 tir song Hong vao song Pay. Hé thong dé diéu trén luu
vuc song Tich, song Bui bao gdm cac tuyén Hiru Day ngan 1u tir song bay, Ta Tich, Huru
Tich ngan 1 song Tich, Ta Bui, Hiru Bui va cac tuyén dé cta cac subi ndi déng ving hitu Bui
ngan Iii song Bui. Nhin chung hé théng dé trén dia ban kha hoan chinh, dam bao phong chéng
1ii. Toan bd ving nghién ctru thude 4 huyén, thi c6 tong sd 68 cong dudi dé trong do: 45 cong
dudi dé Ta Tich, 6 cong dudi dé Hiru Tich, 10 cong dudi dé Ta Bui, 7 cong dudi dé Hiru Bui.

Ngoai ra trén dia ban luu vuc con c6 hang chuc tram bom tiéu 16n nhé véi quy mo cong
suat may bom tir 1.000+8.400 m%h. Trong nhimg nim 2008, 2017 va 2018 mua 16n da gay
ngap lut nghiém trong trén dia ban, udc tinh thiét hai hang nghin ty dong (Hinh 2). Tinh trang
ngap sau, kéo dai thuong xay ra tai mot s6 xa phia ta Bui thugc huyén Chwong My nhu Thiy
Xuan Tién va Nam Phuong Tién.

(@)

Hinh 2. Ngap lut luu vuc sdng Bui: (a) nam 2017; (b) ndm 2018.
2.2. Thiét Idp mé hinh thity lwc tinh todn ngdp lut

2.2.1. Thiét 1ap m6 hinh thay lyc 1 chiéu MIKE11

B6 mo hinh thuy lyc MIKE dugc xay dung va phat trién boi Vién Thuy luc BDan Mach
(DHI), du nhap va ap dung thir nghiém cho mot sd luu vuc séng caa Viét Nam trong khudn
khé cua du 4n Tang cuong niang luc cho cac Vién nganh nuéc do DANIDA tai trg. M6 hinh
MIKE 11 1a mot phan mém k¥ thuat chuyén dung do Vién Thuy Iyc Dan Mach (DHI) xay
dung va phat trién trong khoang 20 nam tré lai day, duoc tng dung dé mé phong ché do thuy
luc, chét lugng nude va van chuyén bun cat ving cira séng, trong song, hé thong tudi, kénh
dan va cac hé thong dan nude khac [13].

Xay dung mé hinh thuy lyc 1 chiéu MIKE 11 cho luu vyc nghién ciru voi viée thiét 1ap
cac thong s6 k¥ thuat nhu sau:

a) Thiét 1ap so do mang song

Mang song: Mang song duoc dua vao tinh toan dugc thé hién trén hinh 2.
+ Séng Hong: Tir tram thily van Son T4y dén tram thuy vian Ha Noi dai: 45,283 km.
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+ Séng Pubng: Tir ngd ba Hong—Pudng dén tram thiy vin Thuong Cat dai 3,625 km.

+ Kénh Cam DPinh-Hiép Thuan tir cbng Cam Dinh dén Pap Day dai 13,64 km

+ Toan bo song Pay: tir sau nga ba Dap P4y dén tram thuy vin Pha Ly, dai 124,396 km.

+ Song Tich: tir Lwong Phu (vi tri giap v6i song Da) dén cira ra nhap luu vao séng Bui tai
cau Tan Trugng dai 96,576 km.

+ S6ng Bui: tir Cau Tan Truong dén cir ra nhap luu vao séng Pay tai Ba Tha dai 25,096
km.

+ S6ng Con: bat dau tir cau Pong Chiii (thi trin Lwong Son) dén nhap luu vao song Bui
tai Xuan Mai dai 14,329 km.

+ Song Thanh Ha: tir Quan Son dén cira ra nhap luu vao song Pay tai cau Hoi X4, dai
13,635 km.

Ngoai ra con cac cac nhanh kénh: séng Bén Go, sudi Cau Tay, kénh An M.

E Zero - [mang song 19-5-1&:1]
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Hinh 2. So d6 mang sdng tinh toan.

Bang 1. Tong hop mang song tinh toan.

TT  Ténséng  Chiéu dai (km) Piém diu Piém cudi
1 Séng Tich 96,576 Ha luu céng Luong Phu ?ﬂfgﬂg‘“ vao song Bui tal Cau Tan
2 Song Bui 25,096 Ceflu Tan Truong Nhép luu vao song Day tai Ba Tha
3 Song Con 14,329 Cau Pong Chiii Nhép luu vao song Bui
4 Sbng Hong 45,283 TV Son Tay TTV. Ha Noi
Sﬁng ~ A X .
5 Puéng 3,625 Ngé ba Hong Pudng TTV. Thugng Cét
6  Song Day 124,396 Ha luu dap Day TTV. Phu Ly
Kénh Cam Ngd 3 séng Hong va Cam .z . . .
7 Binh 13,64 Pinh biém dau song Day ’
8  Thanh Ha 13,625 H& Quan Son Nhap luu vao song Déy tai Boc Tin
— My buc .
9 BénGo 7.72 HS Vin Son mﬁﬁ luu vao sbng Bui tai cau Yén
10  ChuTay 8,41 H& Déng Suong Nhép luu vao séng Bui tai cau Thuan

Luong
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b) Thiét 1ap thong sé cong trinh

Trong pham vi vung nghién ctru va trong m6 hinh mét chiéu Mike 11, chung t6i thiét lap
va dua vao hai cong trinh kiém soat dau mdi bao gdm cong Cam Dinh va Hiép Thuan.

Bing 2. Bang thong s cong trinh mé phong.

z 7 2 Z
A A A 2 N A oA A
TT Thong so Cong Cam Pinh Cong Hiép Thuén
A A .
1 Song CD_HT DPoan bap Day
N ) N
2 Cao 36 day ctra vao 3 2
N 5
3 Cao d6 day crara 3 2
A A I3
4 H¢ s0 nham 0,025 0,025
. .
Lo A
5 SO ctra cong 2 2
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Hinh 4. M6 phong cbng trinh trong mé hinh Mikell.

C) Thiét 1ap tai liéu dia hinh tinh todn cép nhat s6 liéu mat cét ngang

Tai liéu dia hinh duoc thira ké trong du an Quy hoach phong chéng 1ii va quy hoach dé
diéu hé théng song Héng, Théi Binh [14], ngoai ra con cdp nhat dia hinh nam 2019, 2020.

Chi tiét cac song chinh, song nhanh dua vao mang so dd tinh toan thuy lyc nhu sau:

- Song Héng: tur tram thiy van Son Tay dén tram thuy van Ha N1 sir dung 36 mat cat
ngang tir mt cit 46 dén mat cat 86 do Tong cuc Phong, Chdng Thién Tai do nam 2019.

- Sdng Tich: T Vat Lai dén cau Tan Truong, sir dung 47 mat cit ngang do Cuc Pé diéu
va Phong chéng lut bao do nim 2009 va 30 mat cit do dé tai do nam 2020.

- Song Bui: Str dung 25 mit cit do dé tai nam 2020.

- Song Pay: St dung 85 mit cat ngang do Cuc Pé diéu va Phong chong lut bio do nam
2011.

- Kénh Cam DPinh: st dung 18 mat cit do Cuc DPé diéu va Phong chéng lut bdo do nam
2011.

- Song Thanh Ha: Str dung 17 mat cit do Vién Quy hoach Thuy lgi do nam 2009.

- Cap nhat cac mit kénh do dé tai do ndm 2020: Séng Con (15 mit cit), song Bén Go (6
mit cat), sudi Cau Tay (8 mit cit), kénh An My (16 mit cat).

d) Thiét lap diéu kién bién ctia mo hinh
Téng cong mo hinh MIKE 11 duogc thiét lap c6 5 bién trén, cac bié€n doc truc song va 3
bién dudi. Cac bién dugc tinh toan thiuy van va dugc thiét 1ap vao mo hinh MIKE 11. Céac

bién dugc tinh toan thuy van cho dg,mg 11~,1 cac nam 2018, 2020 phuc vu hi€u chinh kiém dinh
va dang 1i nam 2008 ng véi céc tan suat 1%, 2%, 5%, 10% phuc vu mé phdng.
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Bang 3. Mua dién 5 ngay max theo 5 tram tmg v6i mot s6 naim mé phong.

STT Nim X5max (mm) Tan suat (%)
1 2008 514,8 1,2
2 2017 259,9 33,2
3 2018 306,0 19,7
4 2020 121,2 94
|;AN‘!)(S PHAN TIEU LUU VUC MO HINH l\llKl;; :\-\,\I h
TY LE 1: 300 000 “gﬁ,
% :r 2.5
CHU GIAI
i

Hinh 3. Phan chia tiéu luu vuc md hinh MIKE NAM.

- Bién trén mo hinh thuy lyc: 1a qua trinh luu lugng theo thoi gian Q = f{(t) tai vi tri diém
dau ciia doan song tinh toan véi mang song tinh toan da duoc xac dinh nhu & trén ta ¢ bién
trén cia mo hinh thity Iyc tai cac vi tri nhu sau: Quan Son trén séng Thanh Ha; Cau Dong
Chiii trén séng Con; hd Vian Son trén kénh Bén Go va hé Pong Suong trén sudi Cau Tay.

- Bién doc song ctia mo6 hinh thuy lyc: 1a cac duong qua trinh luu lugng Q = f(t) gia nhép
khu gitra duoc tinh toan bang mo hinh thuy vin (md hinh NAM) (Hinh 5).

- Bién dudi cia mo hinh thuy lyc: 1a qua trinh myc nudce theo thoi gian Z = f(t) tai tram
thily van Phu Ly trén song Day.

e) Thiét 1ap diéu kién ban dau

Can xéac dinh mit nude ban dau cho MIKE11, diéu kién nay khong anh hudéng dén két
qua tinh toan sau nay khi thoi gian mé phong di dai. Muc nudce ban dau voi muyc dich 1am
tron tru mo6 hinh. Trong tinh todn cao d mat nudc ban dau léy la héng s6 v6i muc nudc, luu
lwong ban dau duoc liy 12 0.



Tap chi Khi twong Thity van 2022, 741, 29-41; doi:10.36335/VNJHM.2022(741).29-41 35

Khi chay mé hinh thi s& chay Parameter truéc dé 1iy diéu kién chay cho file host. Thi khi
d6 myuc nudce ban dau s€ duogc lay theo file Parameter.

f) Thiét 1ap thong sb thuy luc

D6 nham ctia day song: Do nham day song 13 thong sb thity luc quan trong trong mé hinh
MIKE 11. B9 nham cua day song phu thudc vao mirc do g6 ghé cua day song, dac tinh vé vt
ly cac hat cua day song. D6 nham cta day song la thong s6 khong thé do dac duogc, ma chi co
thé x4c dinh théng qua qua trinh hiéu chinh mé hinh.

2.2.2. M6 hinh thuy luc 2 chiéu MIKE21

MIKE 21 FM 1a mét mé hinh hai chiéu tng dung cho cac khu vuc cira song, ving ngap
1&, vang ven bién va ngoai khoi, dugc phat trién boi Vién thay lyc Pan Mach (Denmark
Hydraulic Institute). “FM” 1a viét tat cua tir “flexible mesh” (nghia 1a luéi linh hoat), day
chinh 1a dac diém ndi bat va khac biét cia mo hinh nay véi nhitng mé hinh hai chiéu khac vé
viéc tao luai tinh toan ma thuong la ludi chir nhat hoac ludi cong [15].

a) Xay dung ludi 2 chiéu

Mién tinh thaty Iyc hai chiéu duoc xac dinh 13 khu vuc ¢6 kha niang chiu anh hudng 16n
khi ¢6 1d hodc khi xuét hién mua 1én. Tai khu vuc nghién ctru mién tinh nay dugc xac dinh
dura vao két qua phén tich cac tai liéu diéu tra vét 1i1, ban dd dia hinh ty 18 1:5.000, 1:10.000.
Sau khi phan tich, vung tinh toan ngép lut dugc gidi han phia bén hitu song Tich va song Bui.
Tuy nhién, néu xac dinh mién tinh 1a toan bd phan dién tich néi trén thi mé hinh MIKE 21
khong thé mé phong duogc do cac gidi han vé tai nguyén ciing nhu thoi gian tinh toan.

Toan bd mién tinh toan sau khi dugc xac dinh so bd thong qua mé hinh sé do cao toan
cau SRTM, tiép tuc duoc chia thanh cac viing nhé hon dién tich khoang 28.406 ha (Hinh 6).
Dé can bang gitta cac yéu td ké trén viéc thiét lap ludi tinh can dugc xem xet cho ting diéu
kién tinh toan cu thé. Trong nghién ciru nay, viéc thiét 1ap cac thong s6 ctia ludi tinh duge
chia thanh céc loai, voi mat do ludi giam dan tir phia song vao trong dong
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Hinh 4. Lu6i tinh toan viing nghién ciru.
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bac biét ving nghién ctru chinh 1a khu VL_I’C hiru song Bui. Khu vuc dé di qua s€ dugc chia
lu6i day véi dién tich 6 ludi 16n nhat 400 m? khu vuc ven song khong c6 dé€ di qua thi s&
dugc chia ludi 6 dién tich 6 ludi 1on nhét 1. 000 m?, con khu vuc trong dong s€ chia thua hon
dé giam thoi gian tinh toan. Tuong tu, khu vuc huu Tich, noi ¢6 cac dé bdi di qua duoc chia
lu6i véi dién tich 6 ludi 16n nhit 400 m2, con khu vue trong dong s€ duoc chia thua hon. Dién
tich 6 lu6i nho nhat duoc thiét 1ap véi dién tich 88 m2 Cac 6 lu6i duoc chia tr dong bang
phuong phap noi suy. Khi d6 mién tinh dugc chia thanh 79.798 phan tir v6i 41.532 nut ludi
dap Gmg duoc cac yéu cau vé su 6n dinh, do phan giai va thoi gian tinh toan trong mé hinh 2
chiéu (Hinh 6).

b) Bién tap dir liéu vé cao do

Mot bude quan trong trong qua trinh thiét 14p mo hinh hai chiéu 14 can phai thiét 1ap dia
hinh mién tinh. Dt liéu nay 1a co sé dé mé hinh mo phong cac huéng chuyén dong ctia dong
chay ciing nhu cac tuwong tac thuy luc ciia toan bd hé thong.

M0 hinh d3 str dung binh d6 dia hinh chi tiét 1:5.000, 1:10.000 cho khu vyc tinh toan.

¢) Thiét 1ap mo phong cac cong trinh

Trong céc kich ban tinh toan m6 hinh lan luot dua vao cac dé chinh, dé bdi cac duong
qudc 19, tinh 16. Chiéu dai cua cac dé, duong giao thong dung bang doan duge di qua khu vuc
nghién ciru. Cao d6 ciia duong thay doi theo chiéu doc ciia dé, duong.

- Tuyén dé chinh Hiru Bui, cc tuyén dé bdi: Binh Phiic-Ngoc Bai, Phi Son—Phu Bai,
Khoang Ong, G6 Rdm—Viét Yén, Dong Thuong.

- Puodng giao thong: dudng qudc 16 6, 21; dudng Lang Hoa Lac, ...

Cao d9 cac tuyén dé, dudong dugc diéu tra thu thap, cac tuyén duong chuyén thanh file
xyz dé dwa vao mé hinh, khoang cach trung binh giira cac nit 1a 80—100 m. Cac truong hop
tinh toan déu gia thiét voi kich ban dé khong bi v& khi nude tran qua.

Vi tri mot sb myén dé, duong chinh dugc dua vao trong tinh toan dugc thé hién & Hinh
7b. Trong cac kich ban tinh toan mé hinh 1an lugt dua vao cac dudng dé chinh, dé bdi, duong
qudc 16 dé dam bao su 6n dinh va chi tiét cho mé hinh.
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Hinh 5. (a) Ban db sb d6 cao (Bathymetry) khu vuc nghién ctru; (b) Vi tri cic dudng giao thong, dé
(chc niit thé hién cac diém cao do doc duong.

2.2.3. Lién két mo hinh thuy lyc mot chidu va 2 chiéu

Mic dit mé hinh MIKE 11 va MIKE 21 ¢6 nhing vu diém vuot troi trong viéc md phong
dong chay 1 chiéu trong mang lu6i sdng phire tap va 6 thé mé phong 2 chi€u cua dong chay
tran trén be mat dong rudng. Nhung xét riéng ré van c¢6 nhiéu han ché trong mé phdng ngap
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lut. Vi vay can phai két ndi gitta MIKE 11 va MIKE 21 dé tao thanh mé hinh MIKE FLOOD.
N6i két mot hodc nhiéu 6 MIKE 21 duoc véi phan cudi cuia mot nhanh MIKE 11 va c6 thé nbi
két v&i du mot nhanh khac dé ra ha du caa mang séng. MIKE FLOOD tao ra béi két ndi mot
ludi MIKE 21 chi tiét vao mot mang MIKE 11 16n [16-17].

Mo hinh MIKE FLOOD dugc st dung trong nhiéu nghién ctru vé mé phong dong chay
1&i gy ra ngép lut, Gng trong nudc cling nhu trén thé gisi [18-20].

Dbi vai cac kich ban tinh toan, khi muc nudc trong long song ctia md hinh MIKE 11
vuot qua cao dd bo song tai mot diém bat ky thi nudc s€ tran vao bai (khu vuc thudc pham vi
tinh toan cua mé hinh MIKE 21). M6 hinh MIKE FLOOD trong nghién ctru nay cac doan
lién két: hitu song Tich, hiru Bui, ta hiru séng Con.

2.3. Xay dung ban do ngdp lut, iing

Dua trén céc két qua tinh toan thuy luc 1 luu vyc sdng Bui va vung phu can véi cac kich
ban trich xudt cac théng tin yéu cau dién ngap, vi tri ngap, do sdu ngap, van toc dong chay...
tr md hinh MIKE FLOOD va duoc s hoa theo dinh dang file phﬁn mém ban dd Arc—Map
thong qua cong cu ndi suy diém Natural Neighbor sau d6 chong 16p 1én cac ban do nén ty 1¢
1:10.000, 1:50.000 theo hé toa d6 WGS84—48N. Cac tri sb tinh toan trong mod hinh duogc tinh
toan cho cac nut ludi vdi cao d6 mit dat ty nhién, cao trinh muc nudce ngap, do sdu muc nude
ngap, van tde dong chay theo thoi doan. Ban dd s& tiép tuc dugc bién tap, chinh sura theo cac
yéu cau k¥ thuat, giao dién thé hién dap Gmg tiéu chuan.

3. Két qua va théo ludn

3.1. Két qua hiéu chinh, kiém dinh va mé phong mé hinh thity lic

Sau khi lién két mé hinh MIKE 11 véi MIKE 21, mb phong mé hinh s& dugc tién hanh.
Két qua nhan dugc tor mo hinh trong nhitng lan chay dau tién dugce so sanh véi tai liéu thue do
tai tram Ba Tha dé x4c dinh xem tinh chinh x4c cta két qud. Trong nhiing nghién ctru ma céc
tai liéu yéu cau day du va chinh xac thi viéc hiéu chinh mé hinh chi can thong qua viéc hiéu
chinh hé s6 Manning. Lya chon thoi gian mé phong 1ii tir 15/07/2018 dén 27/08/2018 (Hinh
8).

Bang 4. Két qua tinh toan muc nudc tran i thang 7-8/2018 (tir 15/7/2018-27/08/2018) hiéu chinh
md hinh Mike Flood.

TT Vi tri Séng MN thue do max (m) MN md phéng (m) Sai 56
1 Ba Tha Pay 6,25 6,251 0,001
7
6 ,—-\
E /!!
; A _.i'. ——Tinh toan
S —=—Thue do
3 i
2 T T 1
14/07 19/07 24/07 29/07

Hinh 8. Muc nuéc tinh toan va thyc do tai tram Ba Th4, hiéu chinh cho ndm 2018.
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~ Trén co so b thong s6 di xéac dinh dugc trong qua trinh tinh toan m6 phong trén 1 thuc
te thang 7-8/2018, nhém nghién clru tién hanh tinh toan kiém dinh mo6 hinh véi tran 1 thuece té
da xay ra thang 11/2008 va 10/2020.

Bang 5. Myc nudc 16n nhit thiue do va mé phong tai cac vi tri tran 1i thang 11/208 (tir 31/10/2008—
10/11/2008), kiém dinh mé hinh Mike Flood.

TT Vi tri Séng MN thwe do max (m) MN md phéng (m) Sai s6
1 BaTha Day 6,341 6,34 0,001

Bang 6. Myc nudc 16n nhat thuc do va mé phong tai cac vi tri tran Ii thang 10/2020 (tir 1/10/2020—
26/10/2020), kiém dinh md hinh Mike Flood.

Hmax (m)

TT Tram Séng _ _ Sai s6 (m)
Thwe do Tinh toén
1 CauDPong Chiii Séng Con 13,389 13,368 -0,021
2 BaTha Day 4 4,001 0,001

Két qua tinh toan mo phong tran 1ii thang 11/2008 va 10/2020 cho thiy sai s6 giita tinh
toan va do dac 1a —0,021+0,001 m. Mét’khéc toan by duong qua trinh myuc nude, luu luong tai
tirng vi tri ¢6 dang duong 1 1én va xuong phu hgp va bam sat véi nhau (Hinh 9).
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Hinh 9. Muc nudc tinh toén va thyc do tai tram Ba Th4, kiém dinh: (a) ndim 2008; (b) nam 2020.

3.2. Két qud xdy dwng ban do ngdp lut, iing

Sau khi hiéu chinh, kiém dinh va so sanh céac kich ban bat lgi, nhom nghién ctu chon
duodng qué trinh I nam 2008 dé tién hanh tinh toan cac kich ban tan suét va xac dinh ra dugc
dién tich ngap lut cho cac x4 theo tirng mirc ngap cu thé. Cac kich ban tinh toan 1d tan suét
mua 18 10%, 5%, 2%, 1%. Chi tiét s6 liéu cc ban d6 dugc thé hién trong cac hinh 10-11,
bang 7, két qua ngap lut Ging, so sanh dién tich ngap véi cac kich ban.

Béang 7. Dién tich ngap lut cac huyén trén luu vuc ting vai cac kich ban tinh toan.

Dién tich ngap ung véi cac kich ban tinh toan (ha)

STT Huyén L« ) ; L 4 L &
Tan suat 1% Tan suat 2% Tan suat 5%  Tan suat 10%
1 Quéc Oai 1.556 1.486 1.292 793
2 Chuong My 3.488 3.245 2.500 1.866
3 Luong Son 248 236 151 105
4 Thach That 1.036 938 876 829
5 My DBuc 344 305 29 0

Téng 6.672 6.210 4.847 3.593
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Hinh 10. Ban d6 ngép lut luu vuc song bui kich ban mua 1 (a) tan suét 1%, (b) tan suat 2%, (c) tin

suét 5%, (d) tan suat 10%.
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Hinh 11. So sanh dién tich ngép lut cac xa trén dia ban tng vai cac kich ban tinh toan.

4. Két luén

Luu vuc song Bui va vung phu céan déc biét 1a 2 huyén Quéc Oai, Chuong My 1a vung
dong dan cu va phat trién cong nghi€p ndng nghié€p cua thu d6 Ha Noi lai thuong xuyén xay
ra ngdp ung vi vay rat can thiét phai cé nghién ctru khoa hoc vé€ van dé nay va can phai xay

dung ban dd ngap lut cho luu vuec.
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Mb hinh thuy lyc MIKE FLOOD duoc xay dung trong nghién ctru nham tinh toan mo
phong dong chay lii cho luu vuc, két qua hi¢u chinh va kiém dinh tai c4c vi tri Ba Tha trén
song Pay, dam bao cho viéc tinh todn cac kich ban. Két qua tinh todn céac kich ban tan suét
mua I{ tir mo hinh duoc sir dung két hop voi hé¢ théng co s& dir liéu ArcGIS bién soan ra ban
d6 ngap lut, ung cho vung nghién ctru.

B6 md hinh thuy lyc va ban d nguy co ngdp tng c6 thé duoc sir dung trong viéc canh
béo lii trén dia ban ciing nhu gitp cac co quan chirc ning quan 1y giam thiéu thiét hai khi
ngap, lii xay ra.

Tuy nhién, dé dap tmg viéc canh bao sém, chinh xéc i trén dja ban cling can bd sung cac
tram do mua va myc nudc tu dong. Ngoai ra he théng camera nham thu thap hinh anh ngép la
trén bé mat ciing nén lip dit dé bo sung tai liéu cho cac nghién ciru chi tiét sau nay.

DPong gop cua tac gia: Xay dung y twong nghién ctru: L.V.S., BT.V,, B.T.H,; Xu ly s6 liéu:
N.D.Q., T.T.T.D.; Vi¢ct ban thao bai bao: N.D.Q., T.T.T.D.; Chinh stra bai bao: B.T.H.

Loi cam doan: Tap thé tac gia cam doan bai bao nay 1a cong trinh nghién ctru cua tap thé tac
gia, chua dugc cong bo ¢ dau, khong duoc sao chép tir nhirng nghién ctru trude day; khong cod
su tranh chap lgi ich trong nhém tac gia.
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Abstract: Bui river basin is one of the key economic development areas of Hanoi capital,
however, this basin is often flooded. This paper presents the results of the research that used
the MIKE FLOOD model in combination with ArcGIS software to assess the flood behavior
and build the flood and inundation map for the Bui river basin and its vicinity according to
the scenarios. The study calculated by 1-way and 2-dimensional flood hydraulic model on
rivers and flooded areas in the study area with the scenarios of 1%, 2%, 5%, 10% rain and
flood frequency scenarios. Calculation results are used to build inundation maps
corresponding to frequency scenarios for Bui river basin and its vicinity. The products of the
study can be applied to help management agencies prepare and respond to minimize damage
when floods occur in the area.

Keywords: Bui basin; Inundation map; MIKE11; MIKE21.
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Tém tit: Muc tiéu ctia nghién ciru nay 1a danh gia kha ning dép ing nhu cau ding nudc
ctia cac hd chira trong bdi canh bién doi khi hdu (BDKH) tai huyén Tri Toén va Tinh Bién,
tinh An Giang. bé dat duoc muc tiéu trén, trude tién hién trang hé théng cong trinh thuy
loi dugc danh gia; trit luong nudc tir cac hd chira va nhu cau nude ciia cac nganh dung
nudc theo cac kich ban BDKH trong giai doan 2030 va 2050 dugc tinh toan; tir do kha
nang cung cap nudc tir hd chta cho cac nganh dung nudc duoc danh gia. Két qua cho
thdy, trong nam 2020, khu vic nghién ctru ¢6 07 hd chira (trong d6 01 hd chira 16m, 04 hd
chtra vira va 02 hd chira nho), trit lugng nude hd chira nam 2020, 2030 va 2050 lan luot 14
2.55x10° m3; 4,35x106 m®; va 5,86x10° m®. Nhu cau dung nudce trong 06 thang (mua kho)
theo hai truong hop (TH) & cac nam 2030 va 2050 va tuong tng voi ba kich ban BBKH
lan luot 1a 5,2x10° m® va 6,2x10° m® (RCP2.6), 5,2x10° m® va 5,8x10% m® (RCP4.5),
5,2x10° m3 va 6,0x108 m? (RCP8.5); 7,7x108 m3 va 7,9x10% m® (RCP2.6), 8,2x10° m3 va
8,9x10°% m® (RCP4.5), 7, 8x10° m® va 8,0x10° m*® (RCPS. 5). Nghién ctru cho thdy kha ning
dap tmg nhu cau nudce cho cac nganh dung nudc (%o)tu hd chira trong 06 thang (mua kho)
tang dan qua timg giai doan do s6 luong cac ho chira ngay cang tang. Kha nang cap nudc
tur ho chira dat khoang 70% nhu cau dung nudc t1nhden nam 2050. Nghién ctru tiép theo
can xem xét chi tiét van hanh ho chta va cap nhat s6 liu BPKH nam 2020 theo CMIP6.

Tir khéa: Bién doi khi hau; Nhu cau nudc; Trir lugng nude ho chira; Hé théng cong trinh
thuy loi; Vung Bay Nui tinh An Giang.

1. Giéi thi¢u

Nganh noéng nghiép van 1a nganh str dung nudc mit va nudc dudi dat nhidu nhat, dic
biét & cac vung khd han va ban kho han, khu vuc cé ty 1€ nguoi dung vao khoang 70%.
Nudc tudi cua tung loai cay tréng cu thé phu thude phén 16n vao diéu kién khi hau. Vi vay,
nhiing thay d6i trong mé hinh khi hau lién quan dén sy nong 1én toan cau dong vai tro quan
trong trong viéc xac dinh nhu cau nudc néng nghiép trong twong lai. Nhiét d6 khong khi bé
mat tang 1én lién quan dén bién d6i khi hau (BPKH) dan dén ting thoat hoi nudc va lam
giam d6 am cua dat & ving ré. Hon nita, thuc vat c6 xu hudng can nhiéu nuéc hon dé duy
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tri sy sinh truong va phat trién. O cac vung khé han va ban kho han, nhié¢t do 1a yéu td
chinh anh huong dén nhu ciu nude tudi trong diéu kién khi hau thay d6i [1].

Heé théng thuy loi ¢ Déng bang song Cru Long (PBSCL) trong thoi gian qua da dugc
dau tu xdy dung kha nhiéu, nhung chua ddng bo, hé thdng thuy loi lién ving con han ché,
do d6 vi€e trir nuGe va diéu tiét nudc chua mang lai hidu qua cao [2]. Hon nira, ngudn nugc
tir Mekong chuyén vé thong qua song Tién va song Hau chay thang ra bién Pong, ngudn
nude gitt lai trong khu vuc nghién ctru it do chua c6 hé thong thay loi trir nude. Bén canh
do, cac tiéu vung dé bao ngan 1 cling 1am giam dién tich trit nudc. Cac du an thuy loi da va
s€ thuc hién, trong d6 c6 cac hé théng cong trinh thuy lgi phuc vu trir nude (trén song chinh
hay cac hd chira vura va nho) nhim thich tng véi BPKH va suy giam dong chay tur sbng
Mekong chuyen vé cling dang duoc quan tam [3]. Nhimg tac dong cua hé thdng hd chira,
phat trién kinh té-x hoi, nhing du an chuyén nuée du kién ¢ cac nude thuong luu séng Mé
Cong s& anh huong dén ché do dong chay hang nam & PBSCL [4]. Trong d6, nguy co lii
nho ngay cang nho hon, dong chay mua kiét nam han cang kiét hon, nuéc ngot ngay cang
khan hiém, min xam nhap ngay cang sau da tac dong dén ngudn nude cap cho cac nganh
dung nude. Nhiéu nghién ciru vé danh gia tai nguyén nudc mat cting nhu nhu cau nudc cho
cac hoat dot san xuat ndng nghi¢p ¢ vung Nam bd dé duge thyc hién [5-9]. Mot nghién ctru
da tinh toan nguon nude mit dén hd Dau Tiéng cho thay dong chay theo mua co su thay do6i
rat r5, nam nhiéu nude va nam it nude ciing cé su chénh léch dang ké, va su thay doi 16p
pht mat dém ciing 13 yéu t6 anh huong dén ché d6 dong chay [10]. Xay dung ban do boc
thoét hoi nudc tir cac loai tham phu trén dia ban tinh Séc Tring bang cong nghé vién tham,
tir @6 tinh toan lwong bdc thoat hoi nude toan tinh theo timg thang cho méi nhom dbi twong
(lna Pong Xuan, lta He Thu, lta Thu Pong, hoa mau, cdy lau nim—an qua, nudi trong thuy
san, mat nude) [11]. Nghién ctru va danh gia kha ning cip nude cho cac nganh ding nudc
ctia ho Otuksa, huyén Tinh Bién, tinh An Giang theo ba kich ban bién d6i khi hau (BDKH)
[6]. Panh gia va tinh toan can bang nudc hd chira O Ta Soéc nham phuc vu cac nganh ding
nudc thude vung Bay Nui [7].

An Giang la tinh dau ngudn va 1a mot trong hai tinh trong Ving DPBSCL vira ¢6 dong
bang vira c6 d6i ndi, trong d6 ving ddi ndi tap trung phan 16n & hai huyén Tri Ton va Tinh
Bién . An Giang c6 dién tich tu nhién 353.683 ha, bang 1,03% dién tich ca nudc va dimng
thir 4 so voi cac tinh BPBSCL, trong do theo sé liéu hién trang st dung dét nam 2019 tong
dién tich dat noéng nghiép la 296.719 ha (dat trong lua 242.337 ha, dat trong cay hang nam
khac 11.648 ha, dat trong cdy 1au nam 25.343 ha, dt 1am nghi¢p 11.643 ha, dat nudi trong
thily san 5.530 ha, dat nong nghiép khac 219 ha). Dan s6 toan tinh xap xi 1.907.401 nguoi,
trong d6 dong bao dan toc Khmer 14 91.408 ngudi (4,79% dan sb toan tinh), sdng tap trung
& hai huyén mién niii Tinh Bién va Tri Toén (Nién giam théng ké, 2019). Dién tich gieo
trong toan tinh 1a 707.100 ha (trong do, lua 637.200 ha, mau 50.600 ha, cdy an trai 19.300
ha), dién tich rimg trong duoc thuc hién chiam soc 1.582 ha trong ndm 2020 [12].

Do dic thu huyén Tinh Bién va Tri Ton la ving dat trién cao, chua co hé thong cong
trinh thuy loi, do d6 nguoi dan va dong bao dan toc Khmer & day chi san xuat mot vu laa
vao mia mua, nguon nudc cap chinh tir mua. Rii ro ning suat laa bi anh huong do thiéu
nudc ¢ nhing nam bi kho6 han keo dai, hodc mua 1i lon bét thuong s& bi 1il nti cudn troi
lam anh huong dén san xuat va doi sdng nguoi. Trong cic nim qua, nha nudc quan tam
dau tu phat trién hé thong cong trinh thuy loi nham phuc vu san xuat va dan sinh, cu thé:
tram bom, hd chira, hé thong cong trinh thuy loi sau ho6 phuc vu san xuat va dan sinh. Qua
d6, da gop phan nang cao thu nhép va doi song nguoi dan duoc nang 1én nho chuyén tir san
xuét lta mot vu khong vo6i nang suét thap sang cdy an trai, san xuét la hai vu v6i nang suat
cao hon. Vi thé, doi séng vat chat va tinh than cua dong bao dan toc Khmer tirng budc dugc
cai thién. Tuy nhién, vung trién c6 cao do tir +2 m dén dén +5 m va vung cao ¢o6 cao do tir
+5 m dén +30 m c6 hé thong cong trinh thuy loi con han ché, phan 16n dién tich dat trong
ving nay chua chua dugc khai thac triét dé do thiéu cac hé thong cong trinh thay loi.
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Muc ti€u cua nghién clru nay la danh gia kha nang dap Gmg nhu cau ciia cac nganh
ding nudc ciia ngudn nude tir cac hd chua trong bdi canh BDKH tai huyén Tri Tén va Tinh
Bién, thudc ving Bay Nui, tinh An Giang. Dé thyc hién muyc tiéu trén, trude hét, hién trang
cong trinh thuy loi (theo do cao, loai cong trinh) duoc danh gia; trit lwong nude tir cac hd
chira va nhu cau nudc cua cac nganh ding nudc theo cac kich ban BDKH giai doan 2030
va 2050 duoc tinh toan; tir d6 nang luc cung cap nudc tir hd chira cho cac nganh dung nudc
dugc danh gia.

2. Khu vire nghién ciru, s6 liéu va phwong phap nghién ciru

Céc s6 liéu trir luong, muc nude cac hd chira va cac thong tin vé hién trang cong trinh
thuy loi trong vung nghién ciru dugc thu thap tir S6 NN&PTNN tinh An Giang. Dé du béo
kha nang céap cua cac hd chtra ciing nhu hé thong cong trinh thuy loi, sé liéu luong mua va
nhiét do duoc tai vé theo cac kich ban PBKH cua B6 TN&MT. Nghién ctru sit dung
phuong phap thong ké mo ta va mo hinh toan Cropwat nham wdc tinh lugng nude cho cay
trdng. Cac két qua duoc thé hién trén ban d6 va biéu do.

2.1. Khu vuc nghién curu

Pham vi nghién ctru thudc hai huyén mién ndi Tri Tén va Tinh Bién tinh An Giang, la
hai huyén mién ndi tiép giap giita Viét Nam va Campuchia thudc dia ban tinh An Giang,
téng dién tich tu nhién 95.531 ha, chiém 27,01% dién tich toan tinh, trong d6 dién tich san
xuat nong nghiép 1a 66.381 ha (Hinh 1). Dan s6 225.830 nguoi, 11,84% dan sd toan tinh.
Trong do: huyén Tinh Bién c6 téng dién tich tu nhién 35.459 ha, chiém 10,03% so véi téng
dién tich toan tinh, trong d6 dién tich san xuat nong nghiép 1a 22.108 ha. Dan s6 toan huyén
108.485 nguoi, mat do dan s6 binh quan dat 306 nguc‘ri/kmz; Huyén Tri Ton co téng dién
tich tu nhién khoang 60.072 ha (14 huyén c6 dién tich 1on nhat tinh An Giang), chiém gan
16,98% dién tich toan tinh, trong d6 dién tich san Xuat nong nghiép 1a 44.273 ha. Dan $6
toan huyén 117.345 ngudi, mat do dan sé binh quan dat 195 ngudi/km? [13-15]. Trong do,
c6 khoang 30.314 ha 13 dit ving trién cao ¢ cao trinh tir +2 m dén +30 m (trong d6 ving
trién c6 cao do tir +2,0 m dén +5,0 m va ving cao ¢ cao do tir +5 dén +30,0 m) nghiéng
dan tir chan ndi ra xung quanh, chiém khoang 31,73% dién tich tu nhién ctuia 02 huyén, tap
trung ven cac chan nui dugc gidi han bdi cac kénh Tra Su-Tri Ton, kénh Vinh Té, kénh
Méi va kénh Ninh Phudc vé phia chan nai. Ving nay kho khan vé ngudn nudce phuc vu cac
nganh dung nude va kho khan trong dau tu hé thong thuy loi trong thoi gian qua. Pia hinh
trong vung rat kho khan cho bd tri cong trinh tram bom tudi, nhung thuan loi cho xay dung
ho chira vira va nho.

An Giang ndm trong viing khi hau nhiét d6i gi6 mua, trong nam c6 hai mua rd rét: mua
mua va mua kho. Mila mua thuong bat du tir thang 6 va két thiic vao thang 11, mua kho tur
thang 12 dén thang 5 ndm sau [16]. Tai nguyén nudce khu vie nghién ctru gdm c6 nude mat
va nude dudi dat; trong do, nudc mat phan 16n duoc khai thac tir cac hd chira hién ¢6 (trong
khu vuc nghién ctru ¢6 07 hd chta), v6i tong dung tich trit nude 13 2,55%106 m3; phu vu
tudi cho khoang 630 ha, cdp nude sinh hoat cho khoang 4.700 ho dan, phuc vu phong chay
chira chay rung va canh quan du lich; bénh canh d6 nudc mat tur cac kénh cap I (kénh Tra
Su, kénh Vinh Té, kénh Méi, kénh Ninh Phudc) ciing tao nguon cap nude cho 17 tram bom
vung cao phuc vu cho 3.898 ha va 91 tram bom vung trlen phuc vu cho 19.615 ha dit san
xuit nong nghi€p va chdn nubi. Ngoai ra, con c6 ngudn nude dudi dit phuc vu cho sinh
hoat, san xuat néng nghiép va chin nudi trang trai.

Trong thoi gian qua, viéc nghién ciru cac giai phap dé dau tu phat trién hé thong cong
trinh thuy lgi & Tri Ton va Tinh Bién dugc quan tdm. Qua do, vung nghién ctu da tung
bude dau tu mot sb cong trinh, nhu: Tram bom 3/2, hd O Tuk Sa thude huyén Tinh Bién;
tram bom Chau Lang, h6 Soai Chek, hd O Thum,... huyén Tri Tén, gop phan phuc vu san
xuat nong nghiép va déan sinh trong ving. Tuy nhlen viéc dau tu phét trién hé thong cong
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trinh thuy loi ¢ viung nay con han ché, dién tich phuc vu cia hé théng con nhd va phan tan
nhiéu noi. Pa s6 dién tich nong nghiép trong vung chi san xuat 01 vu/nam va hoan toan phu
thudc vao thién.
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Hinh 1. Khu vuc nghién ctu.

2.2. Thu thép sé liéu

S liéu dugc thu thap va ngudn sb liéu duoc trinh bay trong Bang 1.

Béng 1. SO li¢u va nguon so liu.

STT Tén sb liéu Nim Nguon
1 S6 ligu khi tugng tram Chau Péc ~ 1980-2020  Pai Khi tugng Thity vin tinh An Giang
2 S6 liéu, thong s6 ho chira 2020 S& NN&PTNT tinh An Giang
3 Piéu kién dia hinh ving Bay Nui 2012 S& NN&PTNT tinh An Giang
4 Thdng ké dan sb 2020 Chi cuc Théng ké An Giang
5 Nhu cdu nude chin nudi 2012 Tiéu chuin Viét Nam 4454

2.3. Pdnh gid hién trang hé thong cong trinh thity loi

Hién trang hé théng cong trinh thuy loi tai khu vuc nghién ctru dugc danh gia theo bon
budc sau:

- Théng ké s luong cac cong trinh thity loi, quy mé va cp cong trinh trong khu vuc
nghién ciru (viing trién va viing cao);
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- Théng ké hién trang cac hd chira tai khu vuc nghién ctru va dinh hudng phat trién
trong tuong lai;

- Tinh toan, thong ké trit lugng nudc cua tit ca cac hd chira hién trang nim 2020
trong khu vuc nghién ctru.

- Tinh toan, théng Ké trit lugng nude hitu dung cta tat ca cac hd chira hién trang nam
2020 va dinh huéng xay dung phat trién thém ho chira trong twong lai dén nam 2030 va
2050 trong khu vuc nghién ctru.

2.4. Tinh toan nhu cau nwoc

Nhu ciu nuée cho ving ha Iuu hd chua dugc tinh 13 tong luong tiéu thu nudc trong
mot khoang thoi gian nhat dinh, luong nudce can thiét cung cap cho cac hoat dong: sinh hoat
va nong nghiép. Dy bdo nhu cau nudc dugc dua trén phan tich nhu cau nude hién tai, sau
d6 vé co ban nhu cau nuée dugc xem nhu tang dan 1én theo tbc do phat trién kinh t& xa hoi
trong khu vue: nghia 13 nhu cau nudce trong khu vuc duoc xem nhu ting dan dén nim 2030
va nam 2050 & timg khu vuc theo ké hoach phat trién kinh té x3 hoi.

a) Nhu cau nuéc sinh hoat

Nudc cho dan sinh chua yéu 1a nuge dé an uéng, phuc vu sinh hoat. Trong tinh to4n chia
1am hai loai 12 nudc sinh hoat cho thanh thi va cho nong thon. Khi tinh cip nudc dan sinh
con cdn cu vao vung dia ly, dbi voi db thi con can cr vao cép do6 thi. Cac d6 thi l6n dong
dan c6 chi tiéu dung nudce 16n hon. Tinh nudc cho dan sinh thuong dua vao chi tiéu theo
dau nguoi roi tinh cho toan bd. Khi tinh cho hién trang chu yéu 1a dua vao sb liéu diéu tra.
Khi tinh cho tuong lai thi dya vao céac chi tiéu ctua quy hoach vé cip nudc hodc tham khao
sd liéu cua cac nude trong khu vic. Mot van dé kha quan trong trong tinh toan nhu cau
nude dan sinh cho tuong lai 1a phai du bao dugc dan so, tinh hinh phat trién do thi va ty 1é
dan song & d6 thi. Pé c6 dugc nhitng van dé nay phai du béo duoc ty I¢ tang truong dén s6
(bao gdm ting truong ty nhién, ting trudng co hoc), quy hoach phat trién dé thi va mirc do
do thi hoa.

Nhu cau nude sinh hoat trung binh tai khu vuc nghién ctu.

- Nhu cau nuée sinh hoat trung binh:

1 N fl
Qsurp = % (m?) 1)

Trong do g; la tiéu chuan ding nudc sinh hoat (11t/ng1r0'1/ngay) Ni la tong dan sb trong
vung cdp nude (nguoi); fi 1a ty 16 dan cu dugce cdp nude (qi va fi liy theo tiéu chuin
TCXDVN 33:2006).

Trong nghién ctru nay, ty 1é gia tang dan s6 duoc xéac dinh:

Nt = Ng X (1 +1)"(nguwoi) (2)

Trong d6 Nt la dan s6 nam du béo (nguoi); No la dan sO tinh toan nim hién tai (nguoi);
i 14 ty 1¢ gia tang dan s6 tu nhién (%); va n 1a ty s6 nam dy béo va nam dén s hién tai.

b) Nhu cau nuée cho ndng nghiép
Nhu cau nude cho néng nghi¢p chu yéu l1a nuée phuc vu cho linh vuc tréng trot va
phuc vu linh vyc chan nuoi:
Qnong nghiép — QTT + QCN(m ) . (3)
Trong d6 Quong nehiep 12 tong luong nudc cap cho nong nghiép (m®); Qrr 1a nhu cau nude
cho trong trot (m®) va Qcn 12 nhu cau nudce cho chin nudi (m3).
(i) Nhu cau nwée cho trong trot

Nudc tudi cho cay trong cho mot don vi trén mit rudng thuong tinh theo hé s6 tudi,
phuong phap duoc thong dung hién nay la phuong phap tinh cua t6 chirc luong nong thé
gidi [17]. Nhu cau tudi nudce cho cay trong IWR;

IWR; = ET¢; — Py 4)
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Trong d6 IWR; 14 lugng nude yéu cau tudi trong thoi doan thir i (mm); ETg; 13 lwong
bdc thoat hoi nudc trong thoi doan ther i (mm); P,; 14 lwong mua hiéu qua trong thoi doan
thtr i (mm).

Luong bdc thoat hoi nudc cia cay trong ET,:

ET; = ETy X K¢ ®)

Trong do ETc 1a luong bdc thoat hoi nudce cay trong (mm/ngdy); ETy 1a lugng bdc
thoat hoi nudc tham chiéu (mm/ngay); Kc 13 hé so cdy trong.

Xéc dinh luong bdc thoat hoi nudc cdy trong tham chiéu ETy: Theo [17], luong bdc
thoat hoi nudc tir bé mit tham chiéu (l1a mot loai co gia dinh dé doi chiéu, bé mat cac dic
diém cu thé theo tiéu chuin) dugc goi 1a bdc thoat hoi nudce ciy trong tham chiéu. Phuong
trinh FAO Penman-Monteith duoc st dung nham xac dinh gia tri boc thoat hoi nude ETo,
12 mot ham sé phu thudc nhidu vao thong sb thoi tiét (sé liéu vé buc xa, nhiét do khong khi,
d6 am khong khi va téc do gio) tai chd va khu vuce xung quanh khu vuc nghién ciru. Vi vay
phuong trinh FAO Penman—Monteith duoc cho 13 phuong phap tiéu chudn tot nhat dé tinh
ETo tur dir li€u khi tugng.

0,408A(Rp—G)+Yras—uy(es—€a) / mm
ETO - A+y(1+(;;f};32) (ngéy) (6)
Trong d6 ET, 1a luong bdc thoat hoi nudc tham chiéu chung ddi véi cdy trong
(mm/ngay); R,: Blc xa mit troi trén bé mit cay trong (MJ/m?/ngay); G 1a mat do dong
nhiét trong dat (MJ/mZ/ ngay); T 1a nhiét d6 trung binh ngay tai vi tri 2 m tir mat dat (°C); u,
1a tdc d6 gid tai chiéu cao 2 m tir mat dat (m/s) es laa ap suat hoi nudc bio hoa (kPa); e, 1a
ap suat hoi nuéc thuc té (kPa); A la do déc cia p suat hoi nude trén dudng cong quan hé
nhiét d6 (kPa/°C); va y 1 hang s6 am (kPa/°C).
Uéc tinh lugng mua hiéu qua P,: Phuong phap dich vu gitr dat (SCS) ctia Phong néng
nghiép My (USDA) dugc trinh bay trong phan nudc tuéi tiéu cia FAO:
P, = 125 x (125 — 0,2P,) /125 Pior < 250mm (7)
P, =125+ 0,1 X Py Pe Pior > 250mm (8)
Trong d6 P, 1a lugng mua hiéu qua (mm/thang); Py 1& lugng mua trung binh thang
(mm/thang).
St dyng chuong trinh Cropwat 8.0 tinh toan nhu cau nude ciy trong: (1) Nhu cau nuée
tudi va ké hoach tudi duoc tinh theo timg loai ciy trong, theo ting ngay tuan hodc thang;
(2) C6 thé két hop mua vu v&i luan canh céac loai ciy trong dé tinh toan.

(ii) Nhu cau mede cho chan nudi gia siic, gia cam

Nhu cau nudc cho gia suc, gia cam dugc tinh bao gdm: nude cho gia stic, gia cim udng
va nudc dé vé sinh chudng trai. Tuy theo loai gia suc va chin nudi theo hinh thtrc nao thi
luong nude dung s& khac nhau. Do d6, ude tinh nhu cau nude binh quan cho timg ca thé,
sau do tinh cho tong sb lugng ca thé va cong vdi nudce vé sinh chudng trai riéng biét:

Qe = BN (1p3) 9)

. 1000 .

Trong d6 qi 1a tiéu chuén dung nudce sinh hoat (lit/con/ngay); Ni la s6 lugng vat nu6i
(con) (qi: lay theo tiéu chuan TCVN 4454:2012 va Ni: lay theo Nién giam thong ké
(NGTK) tinh An Giang nam 2019) [13].

2.5. Tinh todn nhu cau nwée trong diéu kién BDKH
a) Kich ban BbKH

Trong nghién ctru ndy, anh huong cia BDKH-NBD dén sy thay d6i muc nude dugc
danh gia theo kich ban cua B TN&MT (2016). Kich ban thap (kich ban RCP2.6): Kinh té
phat trién nhanh nhung c6 su thay d6i nhanh theo hudng kinh té dich vu va thong tin; dan
sd tang dat dinh vao nam 2050 va sau d6 giam dan; giam cudng do tiéu hao nguyen vat
lidu, cac cong nghé sach va str dung hiéu qué tai nguyén dugc phat trién; cha trong dén cac
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giai phap toan ciu vé 6n dinh kinh té, x& hoi va moi trudng. Kich ban trung binh (kich ban
RCP4.5): Déan so tang lién tuc chu trong dén cac giai phap dia phuong thay vi toan cau vé
6n dinh kinh té, xa hoi va méi trudng; mirc do phat trién kinh té trung binh; thay doi chim
hon va manh mun. Kich ban cao (kich ban RCP8.5): Thé gidi khong dong nhat cac quoc
gia hoat dong doc 1ap, tu cung tw cap; dan 50 tiép tuc tang trong thé ky 21; kinh té phat trién
theo dinh hudng khu vuc; thay 601 vé cong nghé va toc do ting trudng kmh té tinh theo dau
nguoi cham. Bang 1 thé hién s liéu lwong mua va nhiét do ing voi 3 kich ban BDKH
duoc tai tir website: https://cds.climate.copernicus.eu/.

Bang 2. Céc s6 liéu nhiét do va mua BDKH.

Kich ban  Nhiét do Luwgng mua

Lich sur 1980-2005 (theo thang) 1980-2005 (theo thang)

RCP 2.6 2026-2035,2046-2055 (theo thang) 2026-2035,2046-2055 (theo thang)

RCP 4.5 2026-2035,2046-2055 (theo thang) 2026-2035,2046-2055 (theo thang)

RCP 8.5 2026-2035,2046-2055 (theo thang) 2026-2035,2046-2055 (theo thang)
b) Xu 1y s6 li¢gu BDKH

Theo [18], cac gia tri mua tir kich ban lich st khong thé str dung truc tiép lam sb liéu
dau vao do sai 1éch gitra cac bién mo phong khi hau va gia tri thuc do. Vi vay can phai ding
cong thire chuyén doi:

P scen(])
APD) = 5 ey -

Trong d6 Pgeenld lwgng mua trung binh thang theo kich ban; Pgopela luong mua trung
binh thang thyc do; Py 14 lwgng mua trung binh ngay thyc do.

Va gia tri nhiét do dugc tinh theo cong thirc:

AT() = Tscen() — Teoner () (11)
Ta(i,)) = Tops(i,)) + AT() (i = 1~31;j = 1~12) (12)

Trong d6 Tgeenld nhiét d6 max/min binh thang theo kich ban; Teon 13 nhiét do

max/min thang thuc do; Tobs la nhiét d0 max/min ngay thuc do.

Pa(i,j) = AP(j) X Pops(i,j) (i = 1~31;j = 1~12) (10)

3.5. Tinh todn nhu cau nude theo cdc dinh hwéng quy hoach
Mot s6 phuong an duoc dé xuat nhu Bang 3 va 4.

Béang 3. Mot s6 dinh hudng tai khu vuc nghién curu.

Pinh huwéng No6i dung
1 Giam ty 1€ rau mau va lGa tang ty 1¢ cay an trai
2 Xay dung va mo rong thém cac ho chira

Phuong 4n cdp nudc: Nhu cau nudc cung cap cho hién trang néng nghiép nam 2020 va
cho hai truong hop (TH) dinh huéng quy hoach cap nude cho cac nam 2030 va 2050 nhu
Bang 4.

Bang 4. Nhu cau nudc cho néng nghiép qua cac truong hop tinh toan (TH) [19-20].

Hién trang cip nwéc nim 2020

Thu Béng
Lda (20/08-22/11)
DT: 4.517 ha
THI1: cap nude cho ndng nghiép nam 2030
Thu Bong Ca nam
Lla (20/08-22/11) Cay an qua (01/01-31/12)
DT: 3.617 ha DT: 900 ha
TH2: cip nu6c cho nong nghiép nam 2030
Thu Bong Ca nam
Bip (20/08-17/12) Cay an qua (01/01-31/12)
DT: 3.617 ha DT: 900 ha
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Hién trang cip nwéc nim 2020
TH1: cap nudc cho nong nghiép nam 2050

Hé Thu Thu DPong Ca nam
Rau mau (10/04-28/07) Lda (20/08-22/11) Cay an qua (01/01-31/12)
DT: 3.157 ha DT: 3.157 ha DT: 1.360 ha
TH2: cip nudc cho ndng nghiép nim 2050
He Thu Thu Dong Ca nam
Rau mau (10/04-28/07) Biép (20/08-22/11) Cay an qua (01/01-31/12)
DT: 3.157 ha DT: 3.157 ha DT: 1.360 ha

3. Két qua va théio ludn

3.1. Hién trang hé thong cong trinh thiy loi

Bén dd hién trang hé thong cong trinh thity loi ving Bay Nui, tinh An Giang va co ciu
hé théng cong trinh thay loi 1an lwot dwoc trinh bay trong Hinh 2 va Hinh 3. Hinh 2 va
Hinh 3 cho thay ty 1¢ kénh va bd bao chiém ty 1¢ 100% tai khu vuc ving trién (khu vuc c6
cao do tir +2,0 m dén +5,0 m), trong khi do ty 1¢ vé hd chua thi vuc vung cao (khu vuc cé
cao do tir +5,0 m dén +30,0 m) chiém ty 1& 100%. S6 luong cong va tram bom lan luot
chiém céac ty 18 86% va 84% cho ving trién; 14% va 16% cho ving cao.

; % Tp. Chau Péc

Campuchia

H. Chau Phu

&5 H. Chau Thanh

Ban dé HTTL vuang nui
B HO6 chira
=—Kénh cap 1|
~—Kénh cap 2
Kénh cap 3
Kénh ngi dong
= Cong ho
e Cong tron
* Tram bom

Tinh Kién
Giang

Hinh 2. Hién trang hé thong cong trinh thuy lgi ving Bay NUi, tinh An Giang.

| ™ vengtién M vongnai |

Kénh Dé bao Céng Tram bom H& chura

=<

o

o
|

~
[
I

N
(8]
|

Co cAu HTTL khu vire mién ndi An Giang
(3]
o

o

Hinh 3. Co cdu HTTL tai khu vuc mién ni.
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Vé ho chira: HO chtra 10n (dung tich 3x108 m® < W < 1x10° m® hoic chiéu cao dap. 10
m < H < 15 m va chiéu dai dap L > 500 m hoic 15 m < H < 100 m); hd chira vira (500x10°
m®< W < 3x10° m® hodic 10 m < H < 15 m) va hd chira nhd (W< 500x10° hozc H < 10 m)
nam 2020 duoc théng ké va quy hoach phat trién cac hd chira dinh hudng nam 2030 va
2050 dugc thé hién trén Hinh 4.

Nam 2020 Nam 2030 Nam 2050
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Hinh 4. Chi tiét dung tich va s6 lugng cac ho chira.

Theo s6 liéu théng ké hién trang ndm 2020 khu vuc nghién ctru c6 07 hd chua, voi téng
dung tich trit nudc 1a 2,55x108 m®, trong d6 phan 16n 13 ho chira vira va nhé (01 hd chira
16n 04 hod chira vira va 02 ho chira nho theo Nghi dinh 114/2018/NB-CP ngay 04/9/2018
ctia Chinh pha vé Quan 1y an toan dap, ho chira nuéc); dinh huéng dén nim 2030 phat trién
thém 04 ho chira, v6i tong dung tich 1,80x108 m3 (03 ho chira vira va 01 hd chtra nho), ning
tong s6 hd chira 1én 11 ho chua, v6i tong dung tich trit nude 1a 4,35x108 m® (01 hd chua 1on
07 ho chita vira va 03 hd chira nho); dén nam 2050 phat trién thém 05 ho chira, véi tong
dung tich 1,51x108 m® (05 ho chl’Ia nho), nang tong sé hd chua 1én 16 hd chia, v6i tong
dung tich trir nu6c 1a 5,86x10% m? (01 ho chira 1on 07 hd chira vira va 08 hd chira nho) [12].
Nhu vay, so luong ho chira nudc ting theo timg giai doan, tir d6 dung tich nudc trir lai cling
tang theo sb lwong ho qua timg giai doan, gop phan déap Ung nhu cau phuc vu sinh hoat,
chin nudi va san xuét cua nguoi dan trong vung. Boi vi, dbi v6i ving cao thudc hai huyén
Tri Ton va Tinh Bién thi ngudn nude phuc vu san Xuét noéng nghiép la hét strc khé khan,
bénh canh giai phap phét trién hé thong tram bom vung cao dé chuyén nudc tir kénh lén dé
tuoi, thi viéc chon giai phap dau tu hd chtra nude dé tich nude vao miia mua phuc vy sinh
hoat va san xuit nong nghiép vao mua kho la mot giai phap cling dugc dia phuong quan
tam. Nham phyc vu phat trién san xudt theo quy hoach sir dung dét, ting sd vong quay cua
dat, phuc vu phat trién kinh t& xa hoi ciia dia phuong nén lam gia ting nhu cau sir dung
nude. Vi vay, viéc dau tu phat trién hé théng hd chira nude vung cao & mot s6 vi tri thuan
li 1a phu hgp véi dinh huéng quy hoach cua tinh trong tuong lai.

Duoi tac dong cua BDKH va viéc mo rong dién tich canh tac nong nghiép va xay cac
dap thuy dién & céc quoc gia thuong nguén song Mekong di lam luu luong nudc vé
PBSCL suy giam. Theo s6 liéu quan tric tong luong nude binh quin nam 2020 tir thuong
ngudn vé PBSCL qua tram Chau Ddc trén song Hau khoang 47x10° m® nam [16] phuc vu
ngudn nude cho mot phan ving PBSCL; Tong lugng nudc qua kénh Vinh Té theo thiét ké
khoang 12x10° m® (Dy 4n Néang cép, cai tao tuyén kénh Vinh Té tinh An Giang, 2017),
bang khoang 25% luong nude cua Song Hau; Tong luong nude qua kénh Tra Su thong qua
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cdng Tra Su theo thiét ké khoang 10 x10° m® [21], xdp xi 85% luong nudc cia kénh Vinh
Té dé phuc vu ngudn nude cho ving T giac Long Xuyén; trong khi ngudn nudce tir cac hd
chira hién trang ndm 2020 chi trit dugc nudc khoang 2,55%108 m® va dén nam 2050 chi trit
dugc luong nudc khoang 5,86x108 m® nim dé phuc vu san xuit cho vung cao cua hai
huyén Tri Tén va Tinh Bién, bang khoang 0,06% luong nude cip tir kénh Tra Su.

3.2. Bién doi khi hdu

Hinh 5 va 6 thé hién lwong mua, nhiét d6 tng vé6i ting kich ban BPKH theo cac mbc
thoi gian 2020, 2030 va 2050. Mdc thoi gian 2020 1a méc thoi gian hién tai tinh toan can
bang nudce, mbe thoi gian 2030 1a khi cac du an hd chira du kién hoan thanh, cubi cung 1a
méc thoi gian 2050 dé du béo, dinh hudng va dé xuit cac hudng phat trién cho khu vuc
nghién cuu.

Nhiét d6 thay déinam 2030 — RCP 2.6 — RCP 4.5 - RCP 85

Muwa ném 2030
RCP 26

B RCP 4.5
RCP 85 150

o
~
o
o
o

Lwong muwa thay doi (%)

Nhigt do max (°C)
o
(&)

o
L]
3]

I I ! ; 0

Thang
Hinh 5. Phan tram lugng mwa va nhiét d6 max thay ddi trong giai doan nam 2030.

Nhiét g thay déi ndm 2050 — RCP 2.6 — RCP4.5 - RCP85

Mwa nam 2050

RCP 2.6
B RCP45 200
W RCP85
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Hinh 6. Phan tram lugng mua va nhiét d6 max thay doi trong giai doan nam 2050.
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3.3. Két qua tinh todn nhu cau nuée
a) Nhu ciu nudc trong ca nim

Hinh 7 va 8 thé hién nhu cau nudc sinh hoat, chin nuéi va nong nghi¢p theo ting giai
doan cac nam 2020, ndgm 2030 va ndm 2050 theo cac truong hop (TH) cap nudc duoc dé
xuat va tuong ung véi ting kich ban BDKH.

0 nam2o20 M reP2eTH2 I RCP45TH2 ] RCPS.5 TH2
0 rcr2eTHt [ RCP45THY ] RCPS.5 THY

Nhu cdu nwdc 12 thang Nhu c&u nudc 6 thang
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Hinh 7. Nhu cau nuéc cho cac TH (ng voi tirng kich ban BPKH.
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Hinh 8. Mtic d¢ dap tmg nhu cau nudc (%) cho cic TH tmg véi timg kich ban BPKH.

Nhu cu nuéc sinh hoat, chan nudi va san xuét nong nghi¢p theo hién trang nam 2020
cho 12 thang va 6 thang lan luot 1a 16,9x10° m® va 1,6x10° m®; dén nam 2030 nhu ciu
dung nudc trong 06 thang (mua kho) twong ung voi ting kich ban BDKH va theo cac TH
cap nudc duoc d& xudt (RCP2.6 THI (10a + CAT), RCP2.6 TH2 (bip + CAT), RCP4.5
TH1, RCP4.5 TH2, RCP8.5 TH1, RCP8.5 TH2) lan luot 1a 5,2x10% m®, 6,2x10°® m®,
5,2x108 mS, 5,8x10° m?, 5,2x10° m?, 6,0x10° m?; dén nam 2050 nhu cau dung nudc trong
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06 thang (mua kho) twong tmg vdi timg kich ban BDKH va theo cac TH cp nudc duoc dé
xudt 1an lugt 1a 7,7x108 m3, 7,9x108 mq, 8,2x106 m®, 8,9x108 m®, 7,8x106 m®, 8,0x10® m®
cho thdy nhu cu ding nude cho cic nganh ding nuéce 14 rat 16n so voi ngudn nudce hién co
tir cac hd chura.

Kha ning dap tmg nhu cau nude (cho hoat dong sinh hoat, chin nudi va san xuit nong
nghiép) (tinh theo %) ciia cac hd chira duoc thé hién trén Hinh 8. Tir Hinh 8 ta thdy, hién
trang nam 2020 cho 12 thang (ca nim) va 6 thang (mua kho tir thang 01 dén thang 6) lan
luot 14 15,09% va 161,19%. Bén nam 2030, kha nang dap (mg nhu cau nude trong 06 thang
(mua kho) twong Gmg véi timg kich ban BPKH va theo cac TH cip nudc (RCP2.6 THI,
RCP2.6 TH2, RCP4.5 TH1, RCP4.5 TH2, RCP8.5 TH1, RCP8.5 TH2) lan luot 1 83,77%,
70,25%, 84,09%, 74,59%, 83,90%, 73,04%. Tuong ty dén niam 2050, lan luot 1a 76,56%,
74,41%, 71,18%, 65,76%, 75,42%, 73,25%. Tir két qua trén, cho thdy kha ning cp nudc tir
cac hd chtra cho cac nganh dung nude & cac TH twong Gng véi ting kich ban BDKH va
phat trién ho chira dén nam 2030 va nam 2050 trong chi 06 thang (mua kho) chi dat & mirc
dudi khoang 70% so voi nhu cau ding nude thuc té.

Khi xem xét cp nudc cho hoat dong sinh hoat 14 vu tién hang dau trong cong tac dam
bao ngudn nudc, tiép dén 1a cip nudc cho hoat dong chin nudi, két qua tinh toan dugc thé
hién trén Hinh 9. Tir Hinh 9 ta thdy phan trim dam bao cip nudc cho nhu cau sinh hoat 12
thang va 6 thang (cip nudc sinh hoat dam bao 100%; con lai cip nudc cho chin nudi) ing
v6i hién trang nam 2020, dinh hudng dén nim 2030 va nam 2050 1an luot 1a 55,47% va
238,84%; 34,88% va 118,71%; 28,76% va 107,43%. Kha ning dap tng nhu cau nudc cho
sinh hoat va chan nu6i giam dan theo thoi gian tir 2020 dén 2030 va dén 2050, do sy gia
tang dan so va phat trién sb luong dan chin nudi phuc vu phat trién kinh té - xa hoi. Nhu
vdy, ngudn nudc tir cac hd chira dam bao cip nudc cho sinh hoat va chan nuéi (nhu ciu
nuée dung cho 6 thang mua kho). Tuy nhién, néu xem xét kha niang cip nudc ca nim (12
thang) thi viéc thiéu hut 1a khong tranh khoi nén can c¢é nhiing giai phap phu hop dé dam
bao phuc vu cho sinh hoat, chin nuéi va san xuat ca nhan dan trong ving.

‘ Nam 2020 . Nam 2030 Nam 2050

Nhu cdu nudc 12 thang Nhu céu nuéc 6 thang
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o - 28,76%

Hinh 9. Mirc d6 dap g nhu cau nude (%) khi wu tién cap cho sinh hoat va chin nudi.

4. Két luan

- Ket qua nghién ctru cho thay hién trang h¢ thong cong trinh thuy loi chwa dap ung
nhu cu cung cap nudc. Viée dau tu phat trién hé thong cong va tram bom vung cao dé
phuc vu san xuét thdp hon nhiéu so véi viéc dau tu phat trién hé thong tram bom ving dong
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bﬁng. Trit lugng nudc mat tir cac hd chua hién trang nam 2020 chi trit dugc nudc khoang
2,55x108 m®, dén nam 2030 1a 4,35x10° m® va nam 2050 13 5,86x10° m®

- Kha ning dép tmg nhu cdu nudc (cho hoat dong sinh hoat, chin nudi va san xut
ndng nghiép) (tinh theo %) ctia ngudn nudc tir h6 chtra trong 06 thang (mua kho) & cac TH
tuong ng vdi ting kich ban BDKH va phat trién hod chua dén nam 2030 va nam 2050 c6
ting dan qua ting giai doan do qua trinh dau tu phat trién hd chta, va dén nam 2050 dat
khoang 70% nhu cau ding nudc thyc té.

- Nghién ctru nay chi danh gia kha ning dap Gmg ngudn nudc tir cac hd chira phuc vu
céc nganh dung nudc trong mot nam, véi gia thiét hd chira ban dau trir nude (theo thiét ké)
va chua xem xét bién dong ngudn nudc dén va van hanh cta hd chia ciing nhu duéi anh
huong cua BDKH. Vi vy nghién ciru tiép theo cin xem xét sy van hanh hd chira vao timg
thoi diém mua kho, mua mua, hodc theo thang va tinh toan danh gia tat ca nguén nudc tai
khu vuc nghién ctru dé co thé su dung t6i uu lugng nudc tur hd chira, nhim nang cao hi¢u
qua str dung ngudn nude. Ngoai ra, trong nghién ciru tiép theo can cap nhat sb liéu va udc
tinh dong chay dén cac ho chira theo cac BDKH nam 2020 theo CMIPS.

DPong gop cua tac gia: Xay dung y tuong nghién ciru: T.V.T., LH.K, HV.T.M.; Xt ly sO
lidu: N.Q.L., L.H.T., T.T.T.L.; Viét ban thao bai bdo: L.H.K., N.Q.L., T.T.T.L.; Chinh sua
bai bdo: TV.T., HV.T.M, LHK, LH.T., HT.G.T.

Loi cam on: Pay 1a san pham cua dé tai cap B (mi sb dé tai: B2021-TCT-13). Nhom téac
gia xin goi 101 cam on dén Bo GD&DPT va Truong PHCT da tao co hdi cho nhém thyce hién
nghién ctru nay. Ngoai ra, nhdm nghién ctru xin gii 161 cam on dén S¢ Nong nghiép va
Phat trién Nong thon An Giang, Chi cuc Thuy lgi tinh An Giang, UBND huyén Tinh Bién,
UBND huyén Tri Tén, Phong Nong nghiép va Phat trién Nong thon huyén Tinh Bién va
huyén Tri Ton da tao diéu kién cho nhom thyc hién nghién ctru nay.

Loi cam doan: Tap thé nhom nghién ciru xin cam doan bai bao nay 1a nghién ctru cia tap
thé nhom, chua dugc cong bo ¢ dau, khong dugce sao chép tir CAC nghién clru trudc day;
khong c6 tranh chap loi ich gilra cac thanh vién trong nhom.
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Assessment of the current state of the irrigation system and the
ability to meet water requirement from reservoirs in the context
of climate change in Tri Ton and Tinh Bien districts, Bay Nui
region, An Giang province

Luong Huy Khanh!, Nguyen Quoc Luat!, Tran Thi Truc Ly?, Le Hai Tri?, Tran Van
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Abstract: The objective of this study is to assess the ability to supply water for water-
using sectors from reservoirs in the context of climate change in Tri Ton and Tinh Bien
districts, An Giang province. To achieve the above objective, the current state of irrigation
system was first assessed; water resources from reservoirs and water demand of various
water-use sectors under climate change scenarios for the periods 2030 and 2050 were
calculated; thereby the ability to supply water for water-using sectors from reservoirs was
assessed. The results show that in 2020, the study area has 07 reservoirs (of which 01
large, 04 medium and 02 small reservoirs), water resources in reservoirs in 2020, 2030 and
2050 are respectively 2.55x10° m3; 4.35x10° m3; va 5.86x10° m®. The demand for water
in 6 months (dry season) for two cases in 2030 and 2050 and corresponding to three
climate change scenarios is 5.2x10° m® and 6.2x10° m® (RCP2.6), 5.2x10® m® and 5.8x10°
m® (RCP4.5), 5.2x10° m® and 6.0x10° m® (RCP8.5); 7.7x10° m® and 7.9x10° m?
(RCP2.6), 8.2x10° m® and 8.9x10° m® (RCP4.5), 7.8x10% m® and 8.0x10° m® (RCP8.5).
The ability to supply water for water-using sectors (%) from reservoirs in 6 months (dry
season) has been found to gradually increases over each period thanks to the process of
investment in reservoir construction, and by 2050 will reach about 70% of water demand.
Further research should consider the details of reservoir operation and update climate
change data in 2020 according to CMIP6.

Keyworks: Climate change; Water demand; Water resources in reservoirs; Irrigation
system; Bay Nui region in An Giang province.
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Tém tit: Bién doi khi hau, nudc bién dang cung v6i xu thé d6 thi hoa va sy gia ting dan
s6, cac hoat dong cong nghi¢p, thuong mai sé dan dén su gia tdng O nhiém nudc mat & cac
khu d6 thi 16n nhu TP H6 Chi Minh. Cung véi d6 TP H6 Chi Minh dang hudng t&i muc tiéu
tr¢ thanh do thi thong minh véi sau linh vyce chinh, trong d6 c6 “mdi truong thong minh”.
Nhu viy viéc giam sat, quan 1y, theo ddi, du bao chat luong nudc trong moi trudng do thi
thong minh s& doi hoi ngay cang cao vé chét lugng, thoi gian va phuong thic. Bai bao nay
s& gi6i thiéu mot nghién cru xay dung hé théng quan 1y, du bao chét luong nuée ty dong
cho hé théng 5 kénh rach chinh trong néi d6 TP.HCM, trén nén tang md hinh chat luong
nuéc DHI MIKE va cac nén tang Cong nghé thong tin, véi muc tiéu dap tng cac yéu cau
quan ly moéi truong thong minh trong mdt d6 thi thong minh.

Tir khéa: Chét luwong nude; TP.HCM; MIKE 11; ECOLAB; M6 hinh thir nghiém.

1. Pt van dé

Thanh phé H6 Chi Minh c6 hé thong song ngoi, kénh rach day dic voi chidu dai gan
8.000km, dién tich mat nude chiém khoang 16% dién tich thanh phd. Trong d6, c6 nam hé
thdng kénh rach chinh nhu hé théng kénh Nhiéu Loc-Thi Nghe, Tan Hoa-Lo Gém, Tau Hi—
kénh Poi—kénh Teé, Bén Nghé va Tham Lwong-Bén Céat-Vam Thuat voi tong chiéu dai
khoang 55km, dam nhdn chic nang tiéu thoat nudc cho khu vuc noi thanh. Cac hé thong
kénh rach trén 1a nguén tiép nhan nuéc thai tir cac hoat dong kinh té—xa hoi trén luu vuc.
Nudc mit bi 6 nhidém chi yéu tap trung doan chay qua TP.HCM tir cau Binh Triéu (song Sai
Gon), pha Cat Lai (song Pong Nai) dén Miii Dén Do. Mot sé doan song bi 6 nhiém cuc bd
trong khu vyc néi d6 TP.HCM nhu cAu Ong Buong, cAu Chit Y, ciu An Loc ¢6 néng do cac
chat COD, BODs, amoni vuot ngudng gia tri B1 cia QCVN 08-MT:2015/BTNMT, do chiu
tac dong tir cac ngudn thai khu dan cu dong diic va cac co so san xuat phan bd doc theo luu
vuc kénh Tham Luong—Bén Cat-Vam Thuat, Tau Hi-Bén Nghé va Tan Hoa-Lo Gém nam
trong quan 6, 8, 12, Go Vép, Tan Pha va Tan Binh [1].

Dé theo doi, quan ly va du bao chét luong nude cho khu vue, trén thé gidi va cac do thi
trong nudc thuong xay dung hé thong cong cu trong d6 md hinh hinh thiy luc tinh toan lan
truyén chit gy 6 nhiém Ia nén tang. M6 hinh toan c6 thé mé phong dién bién chat luong
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nude theo khong gian va thoi gian, cic qué trinh tac dong, bién ddi moéi trudong nude, dua ra
nhirng ban tin du bao, canh bao kip thoi dé giai quyét cac su c¢d. Mot s6 mé hinh chit luong
nudce thuong mai hay ma nguén m¢& dugce st dung nhu: MIKE, WASP7, QUAL2K, EFDC,
SWAT, QUASAR, SIMCAT [2-8].

Tai Viét Nam noi chung va d6i véi TPHCM noi riéng, viéc nghién ctru phuong phap
danh gia mtrc d6 6 nhim ngudn nudc mit ciing nhu xac dinh mirc d6 anh hudng strc khoe
ctia ngudi dan ciing céc thiét hai kinh té do méi trudng do thi suy giam vé chét luong, cu thé
la 6 nhiém nudc kénh, rach khu vuc trung tim da duoc quan tAm va thuc hién, nhung van
chua nhiéu va con nhiing van dé nhu: thanh phén chét gdy 6 nhiém, kha ning ty lam sach,
murc d6 rui ro thiét hai chwa dugc nghién ctru mot cach dong bo. Co thé liét ké mot sb nghién
ctru dién hinh nhu: Trong nghién ctru [15] “Piéu tra, danh gia kha ning chiu tai va dé xuat
cac giai phap giam thiéu 6 nhiém céc kénh rach ving d6 thi phia Nam tinh Binh Duong”,
[15] d4 tién hanh nghién clru, xac dinh va danh gia cac ngudn thai xa nudc thai vao luu vuc
ctia timg kénh, rach 1a ngudn tiép nhan nudc thai cong nghiép vung d6 thi phia Nam tinh
Binh Duong. Danh gia kha nang chiu tai cua timg kénh, rach 1a nguén tiép nhan nudc thai
cong nghiép va do thi phia Nam tinh Binh Duong va dé xudt cac giai phap quan 1y va ky
thuat nham giam thiéu 6 nhiém trén cic kénh, rach. Ngoai ra, nhom tac gia ciing sir dung
cong cu mo hinh tinh toan danh gia va moé phong du bao CLN cua khu vuc. [13] nghién ctu
budc dau danh gia riii ro sinh thai va strc khoe cho khu cong nghiép (KCN) TPHCM, nghién
clru tap trung vao viéc bude dau danh gia rui ro sinh thai cho nudc thai cong nghiép va rui ro
strc khoe do 6 nhiém khong khi d6i véi cong nhan gidi han tai KCN Vinh Loc va KCN Téan
Théi Hiép. [14] nghién ctru “Dién bién ham lugng oxy hoa tan trén tang nuoc mat trong kénh
Nhiéu Loc—Thi Nghé, thanh ph6 H6 Chi Minh” tap trung vao su bién dong ctia mot trong s6
cac thanh phan ciia nguon nudce la ham luong oxy hoa tan (DO). Nghién ciru dugc thyc hién
v6i cong cu mo ta va hd trg danh gia chat lwong moi trudng nude GIS véi thanh phan 1a xac
dinh duoc ham luong DO trén tang nudc mat cia kénh NL-TN.

Trong nghién ctru nay, cac tac gia s€ xay dung mot hé théng quan 1y, mo phong, tinh
toan va du bao ty dong chat luong nuée cho hé thong kénh rach noi do cua thanh phd. Nén
tang quan trong nhat cia hé thdng 1a b phan mém MIKE 11 bao gém cac module thiy dong
luc (HD), mua dong chay (RR) va chét lugng nudc (ECOLab) thyc hién mo phong thay luc
va chét luong nudc hé théng 5 kénh rach noi ¢6 TP HCM. Nén tang thtr hai trong hé théng
la nen tang Cong Ngh¢ Thong Tin (CNTT) vdi cac bo cong cu tu dong xur ly dir liéu va két
xuat cac két qua tinh toan, dy bao chat luong nudc. Nén tang CNTT gdm cac thanh phan
chinh nhu sau: (1) Ty dong thiét 1ap két ndi va xir 1y liéu cac ngudn nue thai trong khu vuc,
tu dong tao bién ngudn thai cho mo hinh thuy luc, chat lwong nuédc; (2) Tu dong thiét 1ap két
nbi va xtr Iy dit liéu du bao cac yéu té mua, boc hoi, gié v.v, ty dong tao bién khi tuong cho
mo6 hinh thuy luc, chat luong nudc; (3) Tu dong tinh toan bod sung luu lugng gia nhap vao
cac diém ngudn thai khi c6 xuét hién mua trén luu vuc; (4) Tu dong cp nhat cac tham sb
diéu khién mé hinh va thuc thi cac thanh phan cia mé hinh (RR, HD, ECOLab); (5) Tu dong
xur ly, phan tich dir liéu két qua tinh todn ctia mo hinh, tao cac dit li¢u khac nhau cho cic muc
dich khai thac thong tin mé phong, du bao chat lugng nude trén Website, App, SMS,...

2. Phuwong phap nghién ciru

2.1 Khu vyc nghién cuu

Khu vuc nghién ctu 1a toan bd luu vuce ndm hé théng kénh rach chinh trong noi dé TP
HCM gom: kénh Nhiéu Loc-Thi Nghé, Tan Hoa-Lo Gom, Tau Hu—kénh Doi-kénh T¢, Bén
Ngh¢é va Tham Luong—Bén Cat—\Vam Thuat véi tong chiéu dai khoang 55km (H|nh 1). H¢
théng kénh Nhiéu Loc-Thi Nghe: hé thong thoat nude chinh tu nhién cho nhiéu luu vuc
thudc cac quan ngi thanh TPHCM (Tan Binh, Go Vap, Pht Nhuén, Binh Thanh, quan 10,
quan 3 va quan 1) db ra song Sai Gon. Hé théng c6 luu vuc khoang gan 3.000 ha, chiéu dai
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dong chinh cuia kénh 13 9.470 m, céc chi luu co chiéu dai tong cong 8.716 m. Doc theo kénh
c0 59 ctra xa. Hé théng kénh Tan Hoa-Lo GOém: nim trong khu can trung tam cua noi thanh,
tuyén kénh chinh ¢6 ¢6 dién tich khodng 1.484 ha, chiéu dai khoang 7,6 km chay tir huéng
DPéng Bic xubéng Tay Nam thanh phd di ngang qua cac quan: Tan Binh, quén 11, quén 6,

quén 8. Doc theo kénh c6 48 cira xa. Hé thong kénh Tau Hii—kénh Doi—kénh Té: nim ngay
& phia Nam trung tdm thanh phd. Hé thdng kénh nay chay qua 7 quén: 4, 5, 6, 7, 8 va 11 voi
téng do dai 19,5km. Doc theo kénh c6 5 ctra xa chinh. Hé théng kénh Bén Nghé: bt dau tir
ctra song Sai Gon dén cau chir Y dai 3,15km. Doc theo kénh c6 22 cira xa. Hé thong kénh
Tham Luong—Bén Cat—Vam Thuat: tuyén kénh quan trong & phia Bic thanh phd. Tuyén kénh
dai 12km, trong d6 doan Vam Thuat hién con rat rong, luu thong thuy va thoat nude kha tot.
Riéng doan kénh Tham Lwong, tir cdu Chg Cau dén thuong ngudn di b bdi 1ap, thu hep dong
chay. Doc theo kénh c6 49 cua xa.
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Hinh 1. Ban d6 vang nghién ctiu chinh bao gom 5 hé théng kénh rach chinh ving noi thanh (a) va

vi tri cac ctra xa vao hé théng (b).
2.2. M6 ta hé thong

So d6 hé thdng xdy dung dwoc mo ta trong hinh 2, voi 3 thanh phan chinh: Nén tang mo
hinh chat lugng nudc, Nén tang CNTT, HE thong CSDL, va c6 thém mdt thanh phan cung
cap thong tin, khai thac két qua.
2.3. Nén tang mé hinh chat lwong nude

Nén tang mo hinh chat lugng nude duoc xdy dung dya trén mé hinh DHI-MIKE véi cac
thanh phan ciia moé hinh (RR, HD, ECOLab). Cac thanh phan can thiét dé van hanh nén tang
nay gom co:
2.3.1. So d6 thuy luc

So db thiy luc duge xdy dung trong nén tang nay gém cé:
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- Céc nhanh song, kénh rach chinh trong hé théng song Sai Gon—Pong Nai gébm soéng
Sai Gon, song Bong Nai ,céc kénh Tan Hoa—L0 Gom, Bén Nghé, Tau Hii, Nhiéu Loc—Thi
Nghe va Tham Luong—Bén Cat—Vam Thuét, kénh D6i—kénh T¢.

i !
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Hinh 2. So d6 hé thong du bao chét luong nudc ty dong.

- S6 mat cat: hon 3000 mit cat, véi sb liéu dugc ké thira va cap nhat tir cac nghién ciru,
du an; S6 licu tir Trung TAm Quan Iy Ha Tang k§ thuat cho hé thong thoat nude.

- S6 liéu dia hinh duogc cap nhat tir dia hinh DEM luu vuc Sai Gon—Pdng Nai, do phan
giai 10m, nam 2016.

- Buéc tinh ctia mo hinh thuy luc va chét luong nude: 60 giay.
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Hinh 3. So db thiy lyc toan mang ludi (a) va vi tri bién luu luong (b).
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Hinh 4. Vi tri bién muc nudc (2) va vi tri ndi bién (b).

2.3.2. S6 lidu nguon thai

Qua phan tich, théng ké sb liéu ching toi d& tich hop vao hé théng s6 lidu 183 cira xa
trén 5 hé thong kénh rach chinh. Tinh toén luu luong thai sinh hoat tai cac cura xa ctia 5 hé

thdng kénh rach:

- Dya vao tiéu chuan nudc thai sinh hoat theo TCXDVN 33:2006 (Bangl).

Bang 1. Tiéu chuén cip nude sinh hoat tai cac khu vuc (lit/ngudi/ngaydém) [16].

STT Déi twong cip nuéc Giai dogn
2010-2020
1 D06 thi loai dac biét, d6 thi loai I, khu du lich:
- No6i do 165 200
- Ngoai do 120 150
2 D06 thi loai II, d6 thi loai III:
- Noi do 120 150
- Ngoai do 80 100

3 Do thi loai IV, d6 thi loai V, diém déan cu ndéng thon 60 100
- Duya trén s liéu thong ké vé dan sb va mat do dan cua cic quan huyén ctia Thanh ph
Hb Chi Minh nam 2019.
- Duya trén mang lu6i hé thong cdng truc tiéu thoat nude khu vire xung quanh cac ctra xa
doc theo tuyén kénh rach noi d6 (tap trung tuyén kénh chinh);
- Theo tiéu chuan xa thai nude tai sinh hoat (200 lit/ngaydém).
Cong thure tinh toén:

Qxa =S x (Dx107%) x QTC x K (1)

Trong d6 Qxa la luu luong thai qua ctra xa (m?s); S 1a dién tich khu vuc tap trung nudc
thai (m?); QTC la luu luong nudc thai sinh hoat 1 nguoi (m®s); D 1a mat do dan sé (sd
nguoi/km?); K 12 hé s6 diéu hoa theo TCXDVN 51:2008.

Két qua tinh luong nudc thai sinh hoat cho 183 ctra xa trong khu vuc nghién ctru dugc
trinh bay trong bang 2.

Tinh toan bd sung luu lwong khi c6 mua trén luu vuc cho cac cira xa:

- Khi khéng ¢6 mua: thi luu lugng cac cua x4 duogc tinh tir bang 2;

- Khi ¢6 mua: thi luu lwong xa tai cic ctra x4 bang luu luong trong bang 2 cong thém
luu lugng dong chay do mua tao thanh.

Tinh todn luu lugng thai sinh hoat tai cac ctra xa cua 5 hé théng kénh rach:
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Bang 2. Luu lugng x4 thai ra cac kénh ndi do.
A Dién So cira xa So dan
Ten - TT O eh sé6  Sblwong Qx.thai
kénh LV ) Thit Ty Cira xa ciia cac kénh .

(km?) lugng Nguoi m3/s
21 4.986 17,47 2 135431 0,486
22 341 13,14,15,16,18,19,20,21,22,45,46,48,49 13 92906 0,344
Nhieu 53 1663 23,24,25,26,50,51 6 45177 0,167
I;}’j 24 5193 1,2,3,4,5,27,28,29,30,31,32 11 141056 0,506
Nghe 2 3017 6,33 2 81948 0,304
27 2105 7,8,9,10,11,12,33,34,35,36,37,38,39,40,41,42,43,44 18 57163 0,212
29 3.800 52 1 103213 0,382
1 1181 10,11,12,13,14,15,16,17,18 9 23046 0,091
2 3.753 7,89 3 73202 0,271
3 1733 19,20 2 33808 0,133
4 6073 21 1 118449 0,439
5 2418 22,23,24,25,26,27 6 47172 0175
7 1833 5,6 2 35748 0,141
8 3055 27,28 2 50586 0,221
9 2349 29,30,31 3 45823 0,17
Tham 10 2.108 3,4 2 41118 0,162
Luong 11 5504 1 1 107350 0,398
Bén 12 1.680 2 1 32770 0,129
Cat 13 2.099 32,33,34,35 4 40957 0,161
15 1.842 36 1 35030 0,141
18  4.603 40 1 89786 0,333
20 3.010 37 1 58718 0,217
26 4.899 39,41,42,43,44 5 95554 0,354
36 2.748 46 1 53505 0,199
45 1548 47 1 30201 0,119
46 1.414 45 1 27581 0,109
55 3.102 48,49,50 3 60508 0,224
40 1.997 12,3 3 72006 0,267
Kénh 41 0313 4.5 2 11301 0,05
Poi 49 9.422 11 1 339709 1,180
Kénh 50 1.887 8 1 68022 0,252
Té 51 1.479 10 1 53335 0,198
44 3.880 9 1 139872 0,502
TauHa 31 4678 1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17 17 175716 0,63
,\?ge;é 38 2144 18,19,20,21,22 5 80538 0,298
35 0618 3,4,6 3 18617 0,082
37 2.684 12,7 3 80854 0,299
Tan 39 0.467 8,9,10,11 4 14065 0,062
HéaLo 42 2.323 26,27,28,29,30,31,32,33,34,35,36,37 12 83756 0,31
Gém 44 3.880 38,30,40,41,42,43,44,45,46 47,48 11 139872 0,502
48 1.247 12,13,14,15,16 5 37554 0,148
53 1.738 17,18,19,20,21,22,23,24,25 9 52338 0,194

Cong thue tinh tai luong chat thai do con nguoi tai ra méi trudng duoc tinh cho ting
thanh phan chat nhu sau (theo WHO nam 1993, bang 3):

Tai lugng (mg/ngdy) = sd nguoi x Tai lugng don vi (mg/ngudi/ngay) (2)
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Bang 3. Tai luong cac chat 6 nhiém do con ngudi dua vao Mbi truong.
STT Chét 6 nhiém Tii lwgng (g/ng/ngay)
1 BODs 45-54
2 COD 72-102
3 Chétran lo ling 70-145
4 Dau md vi khoang 10-30
5  Tong nito 6-12
6 Amoni 2,4-4.8
7 Tbng phét pho 0,8-4,0
Két qua tinh toan tai luong duge tong hop trong bang 4.
Béang 4. Téi luong trong nudc thai sinh hoat cla tirng ving thoat nudc ra kénh.
. Tai lwgng (kg/ngay)
T Dién Téne Té
Tén kénh tich Thit tw cdc cira x4 trén kénh BODs cop Tss | ong tong
LV N P
(km?)
45 75 70 6 08
21 4.986 17,47 6094 10157 9480 813 108
22 3421 13,14,15,16,18,19,20,21,22,45,46,48,49 4181 6968 6503 557 74
Nhiéu 53 1663 23,24,25,26,50,51 2033 3388 3162 271 36
Loc Thi
Nghe 24 5.193 1,2,3,4,5,27,28,29,30,31,32 6348 10579 9874 846 113
25 3.017 7,8,9,10,11,12,33,34,35,36,37,38,39,6,33 3688 6146 5736 492 66
27 2.105 40,41,42,43,44 2572 4287 4001 343 46
29 3.800 52 4645 7741 7225 619 83
1 1181 10,11,12,13,14,15,16,17,18 1037 1728 1613 138 18
2 3.753 7,89 3294 5490 5124 439 59
3 1733 19,20 1521 2536 2367 203 27
4 6.072 21 5330 8884 8291 711 95
5 2418 22,23,24,25,26,27 2123 3538 3302 283 38
7 1832 5,6 1609 2681 2502 214 29
8 3.054 27,28 2681 4469 4171 358 48
9 2349 29,30,31 2062 3437 3208 275 37
Tham 10 2.108 3,4 1850 3084 2878 247 33
11 5.503 1 4831 8051 7515 644 86
Luong
Béncat 12 1.680 2 1475 2458 2294 197 26
13 2.099 32,33,34,35 1843 3072 2867 246 33
15 1.842 36 1617 2695 2515 216 29
18 4.603 40 4040 6734 6285 539 72
20 3.010 37 2642 4404 4110 352 47
26 4.899 39,41,42,43,44 4300 7167 6689 573 76
36 2.747 46 2412 4020 3752 322 43
45 1.548 47 1359 2265 2114 181 24
46 1414 45 1241 2069 1931 165 22
55 31.022 48,49,50 2723 4538 4236 363 48
40 1.997 1,2,3 3240 5400 5040 432 58
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Dién Tai lwgng (kg/ngay) —
Tén kénh tich Thit tw cAc cira xi trén kénh BODs coD Tss @ ong fong
Lv ) N P
(km?)
45 75 70 6 0.8
41 0.313 45 509 848 791 68 9
ot s 49 9422 11 15287 25478 23780 2038 272
POl 50 1.887 8 3061 5102 4762 408 54
Kénh Té
51 1.479 10 2400 4000 3733 320 43
44 3.880 9 6294 10490 9791 839 112
TauHo 31 4678 1,2,3456,7,8,9,10,11,12,13,14,15,16,17 7907 13179 12300 1054 141
Bén Nghé¢ 38 2.144 18,19,20,21,22 3624 6040 5638 483 64
35 0.618 34,6 838 1396 1303 112 15
37 2.684 12,7 3638 6064 5660 485 65
g 39 0467 8,9,10,11 633 1055 985 84 11
L:“Gé‘:j 42 2323 26,27,28,29,30,31,32,33,34,35,36,37 3769 6282 5863 503 67
44 3880  38,39,40,41,42,4344 45 46,47 48 6294 10490 9791 839 112
48 1.247 12,13,14,15,16 1690 2817 2629 225 30
53 1.738 17,18,19,20,21,22,23,24,25 2355 3925 3664 314 42

Tinh toan tai lugng va ndng do chét thai trong nudc mua:

Theo cac nghién ciru lién quan, gia tri ndng do cac chat 6 nhiém trong nudc mua chay
tran phy thuoc murc do bé tong hoa hay mat do xay dung khu vuc. Nghién ctru kién nghi su
dung ndéng do chét thai trong nudc mua chay tran tai cac kénh ndi d6 Thanh phd Ho Chi
Minh theo nghién ciru [9], dugc tong hop trong bang 5.

Bang 5. Nong do chit thai trong nudc mua chay tran tai cac kénh noi d6 thanh phd.

Nong dé (mg/l)

TT Tén kénh " -
BODs COD TSS Tong N Tong P
Kénh Nhiéu Loc —Thi Nghe 5 10 30 0.5 0.004
g Kénh Doi — Kénh Té 10 20 50 0.5 0.004
é Kénh Tan Héa— Lo Gém 10 20 50 0.5 0.004
i Keénh Tau Hi — Bén Nghé 5 10 30 0.5 0.004
Kénh Tham Luong— VT-BC 10 20 50 0.5 0.004

2.3.3. Céc tham s6 mo hinh

B6 tham sb cac thanh phén trong nén tang mo hinh da duoc hi€u chinh va kiém dinh chat
ché, dap tng céc tiéu chi danh gia do tin cay va tinh chinh x4c.

- M6 hinh thay luc: dugc hi¢u chinh véi s6 liéu thuc do trong thoi doan tir 01/03/2015
dén 01/04/2015 sau d6 duogc kiém dinh lai v6i s6 lidu tir 01/09/2015 dén 01/12/2015. Két qua
danh gia do tin cdy ctia md hinh thong qua hé s6 Nash—Sutcliffe (NSE) va R? cho théy, hi¢u
chinh muc nuée tinh toan so voi thue do ¢6 NSE 13 0,9 va R? 1 0,92; kiém dinh muc nuée
v6i NSE 120,89 va R? 12 0,9. Bo thong s6 t6i wu sau khi hiéu chinh trong Hinh 5.

- M6 hinh chat luong nuée: duge kiém nghiém véi s6 liéu do tir thang 1 dén thang 5/2021
tai cac vi tri thudc 5 kénh rach chinh 1a kénh Nhiéu Loc—Thi Nghe, , kénh Tan Héa—Lo Gbm,
kénh Tau Hii-Bén Nghé va kénh Tham Luong—Vam Thuat. Két qua duoc trinh bay dai dién
cho kénh Nhiéu Loc—Thi Nghé (Hinh 6). Nong do cac chat duoc hiéu chinh—kiém dinh bao
gém: DO, BOD, Nhiét d9, NHa, Ecoli, Coliform.

+ Heé sb phan tan nho nhét: 0 m%s

+ Hé s phén tan 16n nhat: 10000 m?/s
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DO (mg/)

NH4 (mg/l)

Mix . Coef
Initial Wind Bed Resist Bed Resist. Toolbox Wave Approx Defautt %
Approach Resistance Formula
@) Uniform Section [Manning © =
O Tripple zone
Global Values
Resistance Number:
Local Values
River Name Chainage Resistance
1| songsaigon 0.000000 0.060000
2| songsaigen 7500.000000 0.045000
S | songsaigon 43000.000000 0.045000
4| songsaigen 45000.000000 0.040000
5 | songsaigon 69000.000000 0.035000
& | songsaigon B0ODD0.000000 0.035000
7| songsaigon 85000.000000 0.035000
8| songsaigen 88000.000000 0.035000
S| songsaigon 95000.000000 0.035000
10 | songsaigen 111000.000000 0.035000
11_| songsaigon 125000.000000 0.045000
12 | songsaigen 142426.000000 0.045000
13 | DengMai 0.000000 0.050000
14 | DongMai G0000.000000 0.050000
15 | DengMai 70D00.000000 0.045000
16 | DongMai 100000.000000 0.040000
17 _| DengMai 120000.000000 0.025000
12 | DongMai 140000.000000 0.023000
19 | DengMai 158108.000000 0.020000
20 | benlucchodem 0.000000 0.040000
21 | benlucchodem 31735.000000 0.040000
22 | englen 21000.000000 0.015000
23 | onglon 41573.000000 0.015000
24 | SongKinh 0.000000 0.015000
25 | SengKinh £675.000000 0.015000
26 | VamThuat 0.000000 0.030000
27 | VamThuat 16957.000000 0.030000
28 | KenhHang 0.000000 0.015000
29 | KenhHang 8518.000000 0.015000
30 | rachgiong 0.000000 0.015000
31 | rachgiong 11685.000000 0.015000
32 | rachtraanha 0.000000 0.045000
33 | rachtraanha 12000.000000 0.035000
34 | rachtraanha 28940.000000 0.035000
35 | rachtraanha 38390.000000 0.045000
36 | kenhxangah 0.000000 0.030000
37 | kenhxangah 36557.000000 0.025000

Hinh 5. B6 thong sé t6i wu sau khi hiéu chinh va kiém dinh mé hinh HD.

4 25
3.5
20
3
o % 15
2 & DO thye do g, m BOD thyc do
® DO tinh todn 8 10 ®mBODtinh toan
15 . &
- 5
o 0 . . .
01/2021 02/2021 032021 042021 05/2021 01/2021 02/2021 03/2021 0472021 05/2021
3 31.5
31
2o 30.5
2 30
8 29.5
15 W NH4 thyc do D 20 m T thye do
m NHA4 tinh todn E’ 28.5 m Ttinh todn
N 28
275
0.5
27
0 26.5
01/2021  02/2021  03/2021  04/2021  05/2021 01/2021 02/2021 03/2021 04/2021 05/2021
Hinh 6. Két qua kiém dinh céc chi so6 chat lwgng nudc.
Mode definition || State variables || Constants ” Forcings || Auxliary variables || Processes || Derived output
Description Transport Type Unit Value Local
1 Dissolved oxygen Transport Concentration_3 gyl 5 .
2 Ternperature Transport Undefined Degrees 28 .
3 Ammonia Transport Concentration_3 mg/| 03 ..
4 Mitrate Transport Concentration_3 mg/| 5
5 BOD Transport Concentration_3 mg/| 6| ..
6 Faecal coliform bacteria Transport Undefined ne/100m| 50 ..
L Total coliform bacteria Transport Undefined no/100ml 5000
8 pH Transport Undefined undefined T
9 Po4 Transport Concentration_3 mg/| 02 ..

Hinh 7. B thong sb t6i wu sau khi hiéu chinh va kiém dinh m6 hinh Ecolab.

65
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2.4. Nén tang céng nghé thong tin

Nén tang CNTT duoc xay dung trong hé théng bao gom céc bo cong cu phan mém may
tinh tw dong quan 1y, xtr Iy va két xut cac dir liéu cho h¢ thong thuc hién cong viéc du bao
chét luong nudce ty dong tir khau thu nhan s6 liéu dén cung cap cac san pham du bdo trén cac
nén tang thong tin khac nhau. Cac thanh phan chinh ciia nén tang CNTT dugc md ta trong
cac phan tiép theo.

2.4.1. Cong cu xtr 1y sb liéu bién khi turong

S liéu khi tuong 13 thanh phan bién quan trong trong mé hinh chit lugng nuée, lugng
nude mua gia nhap vao hé thdng kénh, rach s& 1am tang—giam ndng do chat 6 nhidm. B6 cong
cu nay duoc thiét ké voi cac thanh phan chinh nhu sau:

1. Cong cu ty dong thu nhan sb liéu du bao khi tuong

Céc tac gia da thiét ké cong cu thu nhan s6 liéu m6 hinh du bao khi teong GFS cua Co
quan Quan Iy Khi quyén va DPai duong Quéc gia My, déay la m6 hinh s6 toan cau, do phan
giai khong glan 0.25° (~27.8 km), thoi gian dy béo 1én dén 16 ngay. ‘bay cling 1a m6 hinh du
béo thoi tiét mién phi va dugc ap dung rong réi trong du bao thoi tiét.

Déi voi hé thong du bdo CLN tu dong, ching t61 thiét ké cong cu thu nhan va xir ly $6
liéu dy bao lwong mua, luong bdc hoi, gid, nhiét. Cong cu duoc thiét ké dé ty dong tim kiém
thu nhéan két qua tinh toan maoi nhét ctia md hinh, thuc hién cong viéc gidi ma va chuyén doi
dir liéu. Ngoai ra ciing c6 ché d6 thu cong dé quan trj hé thong thu nhan xt 1y dit liéu du bao
khi can. Phuong thirc nhan sé liéu : FTP (File transfer protocol), tryc tiép qua mang LAN.

Do mé hinh dy bao khi tuong c6 d6 tré vé thoi gian (khoang 3—4 gid), do vay dé thuc
hién phat ban tin du béo chat luong nudc hang ngay vao 7h sang, chung toi thuc hién thu
nhan s6 liéu du bao khi tuong phién 1h sang (két qua du bao khi twong hoan thanh thu nhan
vao khoang 5h sang), sau do thuc thi cdc mo hinh mo6 hinh NAM, mé hinh dy bao chét luong
nude, két thuc vao khoang 6h. Nhu vay toan bd hé théng thuc hién cac cong cu dé 7h sang
hang ngay s& co6 cac dir lidu va ban tin du bao chét lugng nude cho 5 hé thong kénh noi do.

2. Cong cu ty dong tinh toan, bo sung luong nudc cho cic ngudn thai.

Cong cu nay dugc thiét ké dé thuc hién cac cong viéc sau:

- Xuly sb liéu luong mua, lugng bdc hoi du bao, tao cac bién mua, béc hoi cho mé
hinh MIKE NAM.

- Cap nhat cac tham s6 diéu khién m6 hinh.

Thuc thi m6 hinh MIKE NAM.

- Xu ly két qua tinh toan luu lwong hinh thanh tir lugng mua cho cac luu vuc.

Tinh toan, phan b luu lugng gia nhap cho cac cira xa nudc thai trong cac luu vuc
(trong truong hop khong mua va c6 mua).

- Tinh toén, phan bé ham lugng chét thai cho cac cira xa (trong truong hop khong
mua va cd mua).

- Cépnhatva két xuét cac bién nguén thai cho m6 hinh MIKE ECOLab.

2.4.2. Cong cu tinh bién myc nudc va luu lugng

Bién luu lugng trong so d6 tinh cta hé thong gom lwong lugng xa trung binh ngay tur 2
hd chira Tri An va Dau Tiéng, dung phuong phap théng ké va st dung dit liéu xa ctia hd chira
trong nhiéu nam, s& xac dinh ra quy luat xa theo timg ngay trong nam. Tir d6, thiét lap bién
luu luong tir ho chira s& xa trong thoi thoi doan du bao dé dua vao mo hinh tinh toan tu dong.

Bién myc nudc dir liéu myc nudce theo gio tai tram Viing Tau va Tan An duogc tinh tu
dong trong mo hinh MIKE bang phuong phap hang sé diéu hoa.

2.4.3. Cong cu cap nhat tham sb va thyc thi mo hinh

Cong cu nay duoc thiét ké dé thuc hién tu dong cap nhat cac tham sb6 diéu khién mé
hinh: thoi gian, budce chays,... va tu dong thyc thi mo hinh thiy lyc va mo6 hinh ECOLab.
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2.4.4. Cong cu két xuat két qua du bao chét lugng nude

Sau khi md hinh hoan tat tinh toan cong cu két xuat s& thuc hién xt 1y sb liéu két qua
tinh toan, két xuét va cap nhat vao CSDL dung chung céc loai dinh dang sb liéu sau:

- Tap tin két qua md hinh MIKE c6 dinh dang .Res11 hay .Resld.

- Bang s6 liéu cac thong s6 méi trudng nude mit duoc tinh toan, du bao cho cac diém
trén kénh rach duoc xac dinh trudce do.

- Tap cac da gidc md phong kénh rach voi cac thude tinh 13 ham lwong chit thai, tap
nay c6 dinh dang GEOJSON tuong thich voi hién thi trén WebGIS.

3. Két qua va thio luin

3.1. Vén hanh nén tang mé hinh chdt lrong niée cua h¢ thong

Mé hinh thuy lyc va chat lugng nudc trong nén tang mo hinh cia hé thong sau khi dugc
hiéu chinh va kiém dinh s& dugc thuc thi tw dong ngay sau khi cac cong cu cua nén tang
CNTT thyc hién cac cong viée xir 1y, tinh todn va tao cac bién dau vao can thiét cho md hinh
thity luc va chat lugng nudce, bao gom:

- Bién khi tuong: lugng mua, lugng bdc hoi do cong cu xir 1y bién khi tugng tu dong
thue hién;

- Bién tai lugng cac cira xa: luu lugng, ham luong chat thai do cong cu xtr 1y bién tai
luong chét thai thuc hién;

- Bién luu lugng, muc nudce: do cong cu xr 1y bién luu lugng tu dong thuc hién.

3.2. Vin hanh nén ting CNTT

3.2.1. Thu nhén va xir 1y s6 liéu bién khi tuong

Céc bude van hanh cong cu nay gom:

- Pinh thoi hé thong thuc hién kiém tra s6 liéu mé hinh du bao thoi tiét GFS va thyc hién
tai sb liéu tur may chu NOAA, thyc hi¢n gidi ma s6 liéu dinh dang GRIB2, chuyén ddi s6 lieu
cac truong yéu td thoi tiét vé cac tap tin ludi sb liéu voi mdi tap tin chira mot yéu td du bao
tai mot thoi diém nhat dinh (Hinh 8).

MName - Date modified Type Size

Si% 20171208-13-000-CAPE.grd 08/12/201722:36  Surfer Grid 1 KB
st 20171208-13-000-GUST.grd 08/12/201722:36  Surfer Grid 1 KB
s 20171208-13-000-PRMSL.grd 08/12/201722:36  Surfer Grid 1 KB
4 20171208-13-000-RH.grd 08/12/201722:36  Surfer Grid 1 KB
S 20171208-13-000-TMP.grd 08/12/201722:36  Surfer Grid 1 KB
S5 20171208-13-000-UGRD.grd 08/12/201722:36  Surfer Grid 1 KB
Hb 20171208-13-000-VGRD.grd 08/12/201722:36  Surfer Grid 1 KB
St 20171208-14-000-APCP.grd 08/12/2017 22:36 Surfer Grid 1KB
s 20171208-14-000-CAPE.grd 08/12/201722:36  Surfer Grid 1 KB

Hinh 8. Két qua giai ma va chuyén doi s6 ligu md hinh du bao khi tugng.

- Khi qua trinh thu nhan va giai ma s6 liéu hoan tét, hé ,théng tu dong kich hoat cong cu
tinh toan luong mua cho 87 luu vuc thoat nudc va két xuat ra tap tin Rain.DfsO theo dinh
dang bién Dfs0 ctia m6 hinh MIKE NAM (Hinh 9).
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& MIKE Zero - [Rain.dfs0] - e
W Fle Edit View Settings Tools Window Help -8 x
FH e ST =V Iy
Rainfall Time 1:109 2:111+110 3121 4:126 5:129 [millimer A | O SPEE L
8.0 0 |29/08/2022 02:00:00 [ 0 0
109 [millimeter] 7 39/08/2022 03:00:00 5 0 )
o ~+171+110 millmeter T 2070872022 04:00:00 o 5 5
3 |29/08/2022 05:00:00 0 0 0
129 mill 4| 29/08/2022 06:00:00 [ 0 0
50 5 | 29/08/2022 07:00:00 [ 0 0
139 [millimeter] 6 | 29/08/2022 08:00:00 0 0 0
148 [millimeter] T 7 | 29/08/2022 09:00:00 0 0 0
8 |29/08/2022 10:00:00 [ 0 0
9 |29/08/2022 11:00:00 [ 0 0
10 29/08/2022 12:00:00 03 03 ).3
185 Imilimeter] 11| 29/08/2022 13:00:00 03 03 3
o188 [millimeter] 12| 29/08/2022 14:00:00 02 02 2 2

3.5}t 13| 29/08/2022 15:00:00 02 02 2
~+-190[m 14| 29/08/2022 16:00:00 03 03 3
191 [millimeter] 15| 29/08/2022 17:00:00 05 05 5
30 16| 29/08/2022 18:00:00 01 [ 1
200 [millimeter] 17| 29/08/2022 19:00:00 02 02 2
201 [millimete] ﬁ 18| 29/08/2022 20:00:00 02 0.2 2
19 29/08/2022 21:00:00 0.1 0.1 1
20 | 29/08/2022 22:00:0D 03 03 3
21| 29/08/2022 23:00:00 0 0 0
212 [millimeter] 22| 30/08/2022 00:00:00 [N 0.1 1
217 [millimeter] 23| 30/08/2022 01:00:00 [X] 0.1 1
T 24| 30/08/2022 02:00:00 0 0 0
25| 30/08/2022 03:00:00 [ 0 0
1o 26| 30/08/2022 04:00:00 [ 0 0
037 [m“hmmﬂ% i\ } g 27| 30/08/2022 05:0000 0 0 0
241 [m\H\meler] 28 30/08/2022 06:00:00 0 0 0
0.5 1 @2a2 {mitimeter]; 29| 30/08/2022 07:00:00 0 0 0
? 30| 30/08/2022 08:00:00 0 0 0
31| 30/08/2022 09:00:00 [ 0 0

ngz-uu P 32| 30/08/2022 10:00:00 [ 0 0 o5

sume o 2 Fee = Tanmarms i D A B N e [@r. BT T
Ready 07/09/2022 14:08:11 3.04196 Select Mode NUM

Hinh 9. Két qua xir Iy va lap bién lugng mwa cho mé hinh MIKE NAM.

- Budc tiép theo hé thong ty dong tham sb thoi gian diéu khién mo hinh, thuc thi mo
hinh MIKE NAM, sau khi md hinh hoan tat thyc thi, cong cu s& tinh toan, phan b luu lugng
gia nhap (khi khdng co mua va khi cé mua) cho cac cira xa nude thai trong céc luu vye va
két xuat tap tin bién ngudn thai AddedQ.Dfs0 cho mé hinh MIKE ECOLab.

B MIKE Zero - [AddedQ.dfs0] - X
W File Edit View Seitings Teels Window Help -8 x
=) | & 2w D8 | B @ m A B S
Discharge Time 1:TLBCVT_CX44 [m~3/s]] 2:TLBCVT_CX45 [m~3/s]| 3:TLBOVT_CX46 [m"3/s]| ATLBCVT OG9 [mn3 ~ | Profect Explorer 22

0 |29/08/2022 02:00:00 00300907 0.0750522 0.0233884 0758
11 7+ TLBCVT_CR44 T 3is] T | 29/06/2022 03:00:00 0.0300907 0.0750522
:&Sg\?’gﬁ: {m:;ﬁ} 2| 29/08/2022 04:00:00 00300907 0.0750522
i 3| 29/08/2022 05:00:00 00300907 0.0750522
4 5] 4 29/08/2022 06:00:00 0.0300907 00750522
5| 29/06/2022 0T:00:00 0.0300907 0.0750522
0.9 1=+ TLBCVT_CxX43 [mn3is) 6| 29/08/2022 08:00:00 0.0300307 0.0750522
- TLBCVT_CX40 [m"3s] 7| 29/08/2022 09:00:00 00300907 0.0750522
Cx32 [m"3ls] 8 |29/08/2022 10:00:00 00300807 0.0750522
08 : 9 |29/08/2022 11:00:00 00300807 0.0750522
10| 29/08/2022 12:00:00 00300807 0.0750522
CTLEOVT GX27 [m3is] 11| 29/08/2022 13:00:00 00300907 0.0750522
07 - TLACUT CRoE i die] 12| 29/08/2022 14:00:00 00300907 0.0750522
CX10 (] 13| 29/08/2022 15:00:00 00300907 0.0750522
A3l 74| 29/08/2022 16:00:00 00300907 0.0750522
0.8 15| 29/08/2022 17:00:00 0.0300907 0.0750522
6| 29/08/2022 18:00:00 0.0300907 0.0750522
7| 29/06/2022 18:00:00 0.0300907 0.0750522
18| 20/08/2022 20:00:00 0.0300307 0.0750522
19| 20/08/2022 21:00:00 00300907 0.0750522
20| 29/08/2022 22:00:00 00300807 0.0750522
21| 29/08/2022 23:00:00 00300807 0.0750522
~TLBCVT_CX8 [m3/s] 22| 30/08/2022 00:00:00 00300807 0.0750522
Log TLBCVT, X0 [mn3is] 23| 30/08/2022 01:00:00 00300907 0.0750522
24| 30/08/2022 02:00:00 00300907 0.0750522
25| 30/08/2022 03:00:00 00300907 0.0750522
26| 30/08/2022 04:00:00 00300907 0.0750522
27| 30/08/2022 05:00:00 0.0300907 0.0750522
26| 30/08/2022 06:00:00 0.0300907 0.0750522
25| 30/08/2022 07:00:00 0.0300307 0.0750522
30| 30/08/2022 08:00:00 0.0300307 0.0750522
31| 30/08/2022 08:00:00 00300907 0.0750522
32 |30/08/2022 10:00:00 00300807 0.0750522
02:00 02:00 22 2ANNATANDD 11-N0-NN N nnnenT N N75N522

2022-08-29 09-03 <
Readly 05/09/2022 17:54:21 0.016039 Select Mode NUM

Hinh 10. Két qua xu Iy va lap bién lwong ngudn thai cho md hinh MIKE ECOLab.

3.2.2. Tinh toan va lap bién tai lugng chat thai

Céc budce van hanh cong cu nay gom:

- Nap s6 liéu du bao lugng mua cho céac luu vuc tir bude thyc thi cong cu trong muc

3.2.1.

- Tinh to4n bo sung tai lwgng chat 6 nhiém trong nudc chdy tran do mura.
- B0 sung tai lugng chat 6 nhiém trong nudc mua chdy tran vao tai luong chat 6 nhiém

cua ctra xa.

- Thue hién két xuit bién theo dinh dang ctia m6 hinh MIKE 11 va MIKE ECOLab.
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3.2.2. Tinh toén va lap bién tai luu lugng va muc nude

Céc budc van hanh coéng cu nay gom:

- Nap s liéu dy tinh luu luong ngdy trung binh ciia cac hd thuy dién va diém bién thuong
luu;

- Tinh toan luu lwong hang gid cho cac diém bién thuong ngudn;

- Nap s6 liéu hang s6 diéu hoa;

- Khoi dong chuong trinh tinh toan muc nudc thiy triéu cia mé hinh MIKE, tinh toan
muc nudc triéu cho diém bién Viing Tau;

- Thuyc hién két xuit bién luu lugng va bién myc nude theo dinh dang cia mé hinh MIKE
11 va MIKE ECOLab.

3.2.2. Thyc thi cac thanh phan mé hinh thay Iyc MIKE11 va chat luong nuéc ECOLab

Céc thao tac trong budc ndy déu tién hanh ty dong va & chay ¢ ché d6 nén.

3.2.3. Két xuat két qua du bao chét luong nudc

Cong cu két xuét s& thuc hién xu Iy s6 liéu két qua tinh toan, két xuit va cip nhat vao
CSDL dung chung céc loai dinh dang s6 liéu sau:

- Tap tin két qua mo hinh MIKE ¢6 dinh dang .Res11 hay .Resld

- Bang s6 lidu cac thong s6 moi trudng nude mit dugce tinh toan, du bao cho cac diém
trén kénh rach duoc xac dinh trudce do.

- Téap cac da gidc md phong kénh rach véi cac thudc tinh 1a ham luong chat thai, tip nay
c¢6 dinh dang GEOJSON tuong thich v6i hién thi trén WebGIS.

3.3. Khai thdc théng tin du bdo chdt lwong nuéce

Cac dtt liéu du bao & cac dang khac nhau da dugc cap nhat trén CSDL dung chung, cac
cong cu khai thac nhu phan mém, Website, App dién thoai déu c6 thé truy cap s6 liéu va hién
thi khai thac theo yéu cau khac nhau cta ngudi ding. Duéi day 1a cic m6 ta khai thac két qua
du bao chat luong nudce tur hé théng du béo tu dong.

Phan khai thac s6 liéu duogc thiét ké dé khai thac két qua du bao chat lugng nudc voi cac
churc nang:

- Két ndi CSDL dung chung d¢é tai két qua dy bao tir CSDL ding chung trong danh sach
CSDL két qua md hinh (Hinh 11).
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Hinh 11. Ban d6 phan b6 ham luong chat 6 nhidm trong kénh—rach tai mot thoi diém.
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- Hién thi phan bé ham luong chat 6 nhidm theo khong gian (kénh, rach) va theo ting
thoi diém (theo gidy), c6 chdng 16p véi nén GIS khu vuc dé hién thi truc quan hon (Hinh 11
hién thi phan bé ham lugng PH trong kénh rach vao 11h ngay 06/08/2022).

- Hién thi phan b ham luong chit 6 nhiém theo khong gian (kénh, rach), thong ké theo
timg ngdy, c6 chong 16p v6i nén GIS khu vuc dé hién thi tryc quan hon (Hinh 12 hién thi
phan bb ham luong Coliform cao nhat trong kénh rach ngay 10/08/2022).

- Dién bién chi tiét ham luong chit 6 nhidm theo thoi gian (Hinh 13).
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Hinh 13. Dién bién ham lwong chat 6 nhidm theo thoi gian tai mot diém trong kénh—rach.

3.4. Két qua dir bdo thir nghiém

Két qua du bao thu nghiém trong thang 6 tai 2 \{i tri kénh Nhiéu Loc Thi Nghe (Hin,h
17-19) va Tham Luong Ben Cat (Hinh 14-16) cho ket qua kha phu hop voi hién trang chat
lugng nudc tai 2 khu vuc kénh nay (s6 li€u quan trac dugce thu thép tir Trung tdm tu van quan
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trac moi truong mién Nam trong dot do thang 6) (Hinh 14, 16-19 cé4c hinh hé s6 twong quan
R dat & muc kha khoang 0,7.
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R?=0.7692
20 25
e e
B 15 0.
2 20
:
0 10 b
@ mBoDI | 15 B
uBODtd o
10
P .
& & & & °
& ‘o\ b\ o b\ b\ b\ o o
w\Q B I P\ 0o;\Q oF

Théi gian (ngay)
Hinh 14. Két qua kiém dinh va h¢ s6 trong quan R2 ndng d6 BOD vi tri kénh Tham Luong—Bén Cat.
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Hinh 15. Két qua kiém dinh va hé sé trong quan R2 ndng d¢ DO vi tri kénh Tham Luong — Bén Cat.
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Hinh 16. Két qua kiém dinh va h¢ sb tuong quan R? ndng do NH, vi tri kénh Tham Lwong — Bén

Cat.
25
BOD y=0.9227x+1.0444
R? =0.7692
20 25
B 15 20 0. ®
£ P
E ) -~
Q 10 .'
@ mBODEt | 15 e
5 mBODId o
10
. 0
0
& @ & o 5
o w '» '»
o ‘o\ ‘o\ o b\ ca\ e\ & @
I A S U NS LU LS A
RO S A\ S MR
0
Ther gian (ngay) 0 5 10 15 20 25 30

Hinh 17. Két qua kiém dinh va hé s6 tuong quan R? ndng dd BOD vi tri kénh Nhiéu Loc-Thi Nghe.
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Hinh 18. Két qua kiém dinh va hé s6 twong quan R? nong @6 DO vi tri kénh Nhiéu Loc—Thi Nghe.
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Hinh 19. Két qua kiém dinh va hé sé tuong quan R? ndng d6 NH, vi tri kénh Nhiéu Loc—Thi Nghe.

4. Két luin

V6i muc tiéu quan 1y, du bao chét lwong nudc tu dong cho hé thdng kénh rach noi do
TP HCM, nhom tac gia da thuc hién xay dung va van hanh mot hé théng du bao CLN tu
dong voi cac thanh phan chinh:

- Nén tang mé hinh thay lyc va chat lwong nudc;

- Nén tang CNTT: xt ly tu dong cac s6 liéu, mo hinh, két qua tinh todn, tao cac san
pham;

- Nén tang CSDL: luu trit cac thong tin thu thap va chia sé trén céc nén tang thong tin
khac nhau.

Két qua nghién ctru cho thay nhom tac gia da xay dung mé hinh thuy lyc va chét lugng
nude cac kénh, rach viing ndi d6 thanh phé Ho Chi Minh duoc hiéu chinh va kiém dinh tuwong
dbi tdt, dap tng duoc yéu cau du bao chat luong nuéc.

Nghién ctru cling da dé xuat cac phuong phap tinh toan luu lugng, tai lugng cho cac cira
xa theo C4C tiéu chi vé dan cu, tidu chuan xa thai va dugc ty dong tinh toan cap nhat theo cac
diéu kién luong mua khac nhau.

Nén tang CNTT trong hé théng bao dam tuy dong hoa hoan toan qua trinh vén hanh hé
thong dur béo chét luong nude tir khau bién tap cac loai s liéu bién dau vao, _quan ly va diéu
khién mé hinh thity lyc—chat lugng nude, dén khau xir Iy, két xuat va cung cip thong tin chat
luong nudce cho cac ddi trong ngudi dung khac nhau.

bong gop cuaa tac gia: Xay dung y tuong nghién ciru: N.V.H.; T.T.C., N.P.D.; Lya chon
phuong phap nghién ctru: L.T.P.T., N.V.H.; Xt 1y s6 li¢u: B.Q.T., T.T.C., N.P.D.; Viét ban
thao bai bao: N.V.H., N.P.D.; Chinh stra bai bao: N.V.H., N.P.D.

Loi cam doan: Tép thé tac gia cam doan bai bao nay 1a cong trinh nghién ctru cua tip thé
tac gia, chua dugc cong bd ¢ dau, khong dugc sao chép tir nhitng nghién ciu trude day;
khong ¢o6 su tranh chap loi ich trong nhom tac gia.
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Building an automatic water quality forecasting system on the
channel in Ho Chi Minh City
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Abstract: Climate change, sea level rise along with urbanization trends and population
growth, industrial and commercial activities will lead to an increase in surface water
pollution in large urban areas such as Ho Chi Minh City. Bright. Along with that, Ho Chi
Minh City is aiming to become a smart city with six main areas, including ‘“smart
environment”. Thus, the monitoring, management, monitoring and forecasting of water
quality in a smart urban environment will require more and more in terms of quality, time
and methods. This paper will introduce a study to build an automatic water quality
forecasting and management system for the system of 5 main canals in the inner city of Ho
Chi Minh City, based on the DHI MIKE water quality model and other platforms.
Information Technology platform, with the goal of meeting the requirements of smart
environmental management in a smart city.

Keywords: Water quality; HCMC; MIKE 11; ECOLAB; Test model.
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Xay dung chi s0 nhay cam dwong bo Vinh Da Nang ap dung theo
huwdong dan NOAA vé chi so nhay caim moi truong

Nguyén Hai Anh!, Du Vin Toan', Mai Kién Pinh?, Nguyén Hoang Anh®", Bui Thi Thiiy'

1 Vién Nghién ctru bién va hai dao; anhnh.wru@gmail.com; duvantoan@gmail.com;
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*Tac gia lién hé: ahoang1983@gmail.com; Tel.: +84-398203570

Ban Bién tip nhan bai: 17/8/2022; Ngay phan bién xong: 15/9/2022; Ngay dang bai:
25/9/2022

Tém tat: Vinh Da Ning 1 ving phat trién kinh té trong tdm cua Thanh Phé Pa Néng dic
bi¢t voi hoat dong hang hai néi dia va quéc té nén nguy co tran dau la hién hién s& anh
hudng rat 16n t6i kinh té va doi séng ctia ngudi dan. Tai liéu hudng dan vé chi sé nhay cam
moi trudng (ESI) cia NOAA duoc ban hanh dé danh gia mutc do ton thuong khi ¢ su ¢b
tran dau (SCTD) xdy ra nham xac dinh nhiing khu vuc nhay cam dé c6 nhimng ké hoach
phong bi va tng pho thich hop . Theo ban hudng dan thi ban dd ESI bao gém ba loai thong
tin co ban: Phan loai duong, Tai nguyén sinh va Tai nguyén con nguoi su. Bai bao tap trung
nghién ctru vé van dé phan loai duong bo, cu thé 1a nghién ctru xdy dung chi sé nhay cam
duong bo vinh Pa Néng ap dung theo tai liéu hudng dan vé chi s nhay cam méi truong
(ESI). Nghién ctru str dung duong mép nude cta ban do dia hinh ty 16 1:50.000 1am duong
bo co s& két hop khao sat thuc dia dé phan loai dudng bd theo ESI. Két qua dua ra duge
ban d6 phén loai dudng bd ESI va ban d6 mirc d6 nhay cam duong bo, qua dé cung cap
thong tin can thiét cho viéc lap ban d6 nhay cam moi truong ESI.

Tir khéa: NOAA; Chi s6 nhay cam méi trudng (ESI); Phan loai dudng bo.

1. Mé dau

Ving bién Vinh Da Néng 1a noi hoat dong giao thong hang hai ndi dia nhon nhip, day
cung 1a khu vyc tap trung cac kho, cang xang dau tiém an rat 16n nguy co vé SCTD. Do viy
can xac dinh dugc cac vung nhay cam va xay dung ban dd nhay cdm moi trudng ma trong
d6 c6 hop phan 1a ban d6 nhay cam duong bd dé c6 nhiing ké hoach tng pho thich hop khi
¢6 SCTD 1a can thiét. Ban hudng dan (Environmental Sensitivity Index Guidelines Version
4.0) duoc ap dung dé thuc thi [1].

Huéng dan nay da va dang duoc ap dung rong rdi ¢ cac ving bién trén toan cau, ¢ thé
liét ké & day cac cong trinh nghién ciru 4p dung thtr nghiém & mot s6 nudc trén thé gidi nhu:
tai khu vuc duong bo bién A—ma—dén ¢ phia bic Brazil [2]; nghién ciru vé bo bién Maroc
ctia eo bién Gibraltar [3]; cac khu vuc bién tai Colombia [4]; nghién ctru tai bo bién Estonia
thudc Vinh Phan Lan (Bién Baltic) va mot phan bd bién Ty Ban Nha [5-6]; ving bo Trinidad
va Tobago [7]; mo ta hé thong 1ap ban dd va ky hiéu ESI, va dé xuit cac loai duong bo bién
c6 thé dugc sir dung cho cac dudng bo bién Nigeria [8] hay nghién ctru tai bo bién thanh pho
Lagos, ngerla [9]; khu vuc cang Bashayer, cong hoa Sudan [10]; tai cac tiéu vuong qudc A
Rép théng nhit [11]; ving bo thanh phd Kakinada, quan East Godavari thudc bang Andhra
Pradesh [12] hay bd bién bang Odisha [13], & mién Pong Nam va mién Pong ctia An Do;
dac biét v6i cac nghién ciru phét trién phan mém dé ap dung thuc té theo hé théng ban do

Tap chi Khi tugng Thity vin 2022, 741, 75-84; doi:10.36335/VNJHM.2022(741).75-84  http://tapchikttv.vn/
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ESI cua Han Qudc [14] va Nhat Ban [15]. O Viét Nam ciing c6 mot so nghién ctu ing dung
& mot sd dia phuong nhu: nghién ciru cua tac gia L¢ Viét Thing vé xdy dung ban do nhay
cam méi truong ddi voi SCTD ven bién tinh Binh Dinh [16]; nghién ctru [17] d3 dua ra phan
loai duong bo ap dung theo hudng dan ESI ¢ dao Cat Ba, Hai Phong; [18] nghién ciru 1ap
ban d6 nhay cam méi truong khu vyc tir Ba Ria — Viing Tau dén Can Gio—TP. Hd Chi Minh,
ngoai ra cing ¢6 mot s6 nghién ctru 6 Thanh Hoa va Thai Binh ciing tiép can theo hudng dan
ESI [19-20]. Qua d6 cho thay murc do pho cép va tinh (mg dung cao cua hudng dan nay trén
thé gidi va da duoc ap dung thuc té mot sb nudc. Viét Nam cling dé co nhiéu nghién ctru tiép
can phuong phap & mot s6 ving bién, tuy vy can c6 nhimg diéu chinh thich hop vé mirc d6
ap dung ciing nhu cac van ban quy dinh cho viéc ap dung théng nhat.

Muc tiéu bai bdo nham xay dung duoc chi $b nhay cam duong bo Vinh Da Nﬁng va xép
hang céc chi sé theo muc d6 nhay cam ap dung theo huéng din cia NOAA. Qua d6 cung
cap thong tin can thiét dé c6 ké hoach ap dung cho xay dung duoc cac ban d6 nhay cam moi
truong tai khu vuc va toan Thanh Phé trong viée tng phé SCTD.

Nghién ctru da tién hanh di khao sat thyc dia doc dudng bo cua Vinh Pa Nang theo
truong trinh ciia Dé tai khoa hoc va cong ngh¢ “Nghién ctru co s¢ khoa hoc phuc vu xay
dung quy dinh ky thuat xdy dung ban d6 nhay cam moéi truong do dau tran”, Ma sb
TNMT.2020.1862.02. Theo gidi han vé pham vi cua dé tai nén khu vuc nghién ctru cling bi
gidi han 6 Hinh 1.

2. S0 liéu sir dung va phwong phap nghién ciru

2.1. S6 liéu sir dung

Theo pham vi gi6i han, duong bo st dung cho nghién ctru nay s€ di qua dia gidi cua 4
Quan cua Thanh Pho Pa Nang bao gom: Lién Chiéu, Thanh Khé, Hai Chau va ket thuc tai
cang Tién Sa cia Quan Son Tra, dugc trinh bay ¢ hinh 1.

108°10'E 108°15'E 108°20'E

e ‘@ Hon Son Cha

QUANG NAM

16°10'N
16°10'N

16°5'N
16°5'N

a7
BaitamPham
Van bong

. S |Bai bién s Pham vi duong bo

VI3

40 Km
108°10'E 108°15'E 108°20'E

Hinh 1. Puong bo nghién ctu tai Vinh Da Nang.
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Dit liéu cho nghién ciru bao gdm:

- Ban d6 dia hinh ty 18 1: 50.000 duoc sir dung dé chiét xut thong tin duong mép nudc
lam duong bo co so;

- Khdo sat thuc dia v6i cac anh chup duong bo doc theo dudong bo cua khu vuc nghién
ciru;

- Phuong phap duogc str dung dé xay dung ban dd lién quan dén viéc phan doan céc loai
duong bo dua trén huéng dan cia NOAA 4.0;

- Huéng dan Lap ban 6 murc d6 nhay cam dé tmg pho SCTD (IPIECA-2012) [21]. Sir
dung dé don gian hoa cac chi s ESI va xép hang chiing theo bang 1 trinh bay bén dudi.

2.2. Phuong phap nghién ciru

Trong so d6 ¢ hinh 2 dudi dy trinh bay quy trinh cac budc ctia nghién ctru. C6 thé dién
gidi nhu sau: PAu tién, khu vuc nghién ctru dugc thiét 1ap dua trén duong bo co sé va khao
sat thyc dia doc dudng bd; bude tiép theo tién hanh phén loai dudng bd theo huéng din cua
NOAA va khéo sat nhan dang duong bo ngoai thuc té; sau do xay dung duogc chi s6 ESI cua
dudng bo; cudi cung 1a xay dung chi s nhay cam dudng bd va xép hang dudng bd theo mire
do nhay cam.

Xép hang duémg
b& ESI

Khao sat thire Xép hang dudmg
dia bo (IPIECA-2012)

Hinh 2. So do cac budc nghién cau.

Theo ban huéng dan (Environmental Sensitivity Index Guidelines Version 4.0), phuong
phap phan loai dua trén sy hiéu biét vé dic tinh vat 1y va sinh hoc ciia méi trudng ven bién,
khong chi 1a loai chét nén va kich thudc hat. Mdi quan hé gilra cac qua trinh vt ly, loai chét
nén va quan thé sinh vat lién quan tao ra cac kiéu bd bién dia mao/ sinh thai cu thé, cac kiéu
van chuyén trAm tich va cac kiéu c6 thé du doan duoc trong hanh vi va tac dong sinh hoc cia
dau. Cac khai niém lién quan dén cac yéu tb ty nhién véi do nhay cam tuong dbi cua duong
bo bién, hau hét dugc phat trién & viing ctra séng, di duoc sira doi mot chat véi phién ban cti
dbi voi cac ho va song. Xép hang d6 nhay duoc kiém soat boi cac yéu tb sau:

- Tiép xuc phoi 16 véi _nang luong song va thuy tridu: Cac duong bo c6 nang lugng cao
(1A-2B) thuong xuyén tlep xtc v6i song 10n hodc dong triéu manh trong tit ca cac mua.
Chung thuong xdy ra nhét doc theo duong bo bién ngoai cliing ctia mot khu vue hodc noi ¢é
gi6 manh gy ra song danh truc tiép vao bo bién hodc bang cach khiic xa soéng. Pudng bo
ning luong hdn hop (3A-7) thudng c6 dang theo mua vé tan suit bdo va do 16n cua song.
Céc dudng bo nang lugng thap (8A—10F) duoc che chin khoi ning luong song va thiy triéu,
ngoai trir cac sy kién bét thuong hodc khong thuong xuyén;

- Po dbc dudng bo;

- Loai vat liéu nén (kich thude hat, tinh di dong, d6 tham nhdp v&/ hodc an lap va kha
nang luu dong);
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- Nang suét sinh hoc va do nhay cam.
Céc chi s6 ESI dugc xép hang tir 1 dén 10 theo cac dang dudng bo khac nhau va tiy vao
dic diém moi truong (ctra song, hd, ven song, dﬁm,..) o tung khu vuc co thé c6 mot sd loai
phu (A, B, C, D).

Bang 1. Pon gian hoa sép hang céc chi s6 ESI.

ESI (Tir 1 dén 10)

Pon gii hoa chi sé6 ESI

Thé hién trén ban do

ESI 1-ESI 2 1 (rét thap)
ESI 3-ESI 6 2 (thap)
ESI 7 3 (trung binh)
ESI 8 4 (cao)
ESI 9-ESI 10 5 (rit cao)

Khoéng dai dién

Khoéng dai dién

Khoéng dai dién
4 (cao)

5 (rit cao)

Bang 2. Phan loai dudng bo tai Vinh Da Ning theo NOAA.

. M3i mau Pon gidn hoa chi
STT Phéan loai duong bo Ma ESI Ki hi¢u c
(CMYK) s0 ESI
1 Bo& da phoi 16 1A
) Puong b véi Cong trinh nhén tao B /—\/ 56/94/0/13 Rét thip
rén, phoi 16
3 Bo bii cat min dén trung binh A 7 N\, 100/65/15/0
Théap
4 Bo bai cat hat tho 4 82/27/0/0
5  Bii triéu phang phoi 1o 7 0/0/100/25 Trung binh
Puong bo co cong trinh nhan tao,
6 . 8B 2/8/85/0
khuat séong
7  Dudng bo da Riprap, khuét song 8C Cao
o DPudng bo c6 thuc vat trén nén dét - 0/17/81/0
cung, trong moi trudng clra song
Puong bo thyc vat ngdp nudc
9 ) ] 9B 1/42/99/0
dudi bo, moéi truong ven song ,
Rét cao
Dudng bd dim nudc né, mod
10 g ) 10A /\_/ 0/100/100/0

truong trong dam ven bién

Ngoai ra yéu td can xem xét 1a muc do tiép xuc voi ning luong song va thay tricu s&
quyét dinh sy ton tai tu nhién ciia dau dbi véi dudng bo: ning luong cao ¢ nghia 1a loai bo
tu nhién nhanh chéng, thudng trong vai ngdy dén vai tuan. Nang luong thap cé nghia 13 qua
trinh loai bd tu nhién, cham chap, thuong la trong vong vai ndm. Nang luong hon hop c6
nghia la dau bj ton tai s& duoc loai bo khi sy kién co nang luong cao tiép theo xay ra, co thé
1a vai ngay hodc vai thang sau su ¢d tran dau. Viéc loai bo dau trén bo bién ning lwong hdn
hop 1a mot qua trinh dua trén sy ki¢n.
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Theo hudng dan Ve 1ap ban d6 murc do nhay cam dé ung pho SCTD (IPIECA-2012) thi
sau khi chi s6 ESI da sép hang cac duong bo thanh 10 cap, ching co thé duoc don gian hoa
thanh 3 dén 5 chi sé. Céc cip d6 nay co thé dugc don gian héa thanh 3-5 16p, trong d6 5 16p
trong duong voi ESI9 va ESI 10, va 1 tuong duong voi ESI 1 va ESI 2. Cac loai duong bo
nhay cam nhét duoc giir lai cho ban do chién luoc cho mot ESI 4 (cao) va ESI 5 (rit cao)
(Bang 1). Nghién ciru sir dung bang sép hang nay dé xay dung ban d6 chién luoc cho duong
bo khu vue nghién ctru va dua ra phan loai chi tiét cho cac dang duong bd & Vinh Da Néng
duogc trinh bay ¢ bang 2.

3. Két qua va thio luin

3.1. Phan logi dwong bo

Dua theo huéng dan, nhém nghién ctru tién hanh sang loc va phan loai dudng bo chi tiét
tai Vinh Pa Nﬁng, két qué duogc trinh bay & bang 3. Mot s6 anh chup thyc dia va cac dang
duong bo ESI dugc trinh bay ¢ hinh 3.

Bang 3. Phén loai duong bo chi tiét tai Vinh Da Néng.

STT Phuong Quén Dang dudng b ESI
Khu vuc nhan dang véi dudng bo:
- ESI 1A: Chiém wu thé phan 16n kéo dai tir dia phan giap Tinh
Thtra Thién Hué dén Vinh Lién Chiéu; v6i cdu tao b da 10m chom
thudc phirc hé Hai Vén; La khu vic phoi 16 véi song va thiy triéu.
- ESI 1B: Khu vuc & cung bo 16m, phan chuyén tiép giita khdi nai
Hai Van va ven bién Lién Chiéu; v6i cdu tao by cong trinh nhan
tao bé tong chic chan; La khu vuc phoi 16 v6i song va thuy tridu.
- ESI 3A: Khu vuc chuyén tiép tir khdi nti Hai Van xudng Vinh
Lién Chiéu dén ctra song Cu Dg¢; CAu tao bd cat min; 16 dién véi
s6ng va tridu.
- ESI 4: Bao gdm cac bii bién cat tho cira song Cu Pé va cac khu
vuc xen k& doc bo khédi ntii Hai Van nhu 12 cc bai: bai Ba Pa, bai
Sung Co, bai Xoan, bai Lang Van, bai Ham; La khu vuc phoi 16
Lién Chiéu  véi song va thay triéu.
- ESI 7: Bii triéu phang phoi 1 ¢ cira song Cu Dé
- ESI 9B: B¢ thap c6 thyc phu, trong mdi trudng ven séng Cu Dé
- ESI 10A: Vung dam nude ng khu vue kho xang dau PVOil Lién
Chiéu
Céc dang duong bd khu vyc nay:
- ESI 4: Doan bii bién va phan doi cat phia nam cia song Cu Dé
va phia bic ctia ntii Nam O;
2 Hoa Hiép Nam - ESI 1A: Khu viyc ghénh d¢a Nam O, cdu tao boi d4 trim tich co
tudi Pleitocen, 1 song va triéu;
- ESI 3A: Khu vuc bai bién bé cat min phoi 16 & phan con lai cia

1 Hoa Hiép Bic

phuong Hoa Hiép Nam
3 HoaKhéanh Bic ESI 3A: Doan bii tim Lién Chiéu
4 Hoa Minh ESI 3A: Doan bii bién Nguyén Tat Thanh
5  Thanh Khé Tay ESI 3A: Poan bii bién Nguyén Tat Thanh
6 ThanAh Khé Thanh kha ST 3A: Doan bai bién Nguyén T4t Thanh
Dong
7 Xuén Ha ESI 3A: Doan cudi bii bién Nguyén Tat Thanh
Dang dudng b bao gom:
8 Thanh Binh Hai Chdu - ESI 1B: Bo bién nhan tao, dugc hinh thanh tir du 4n 14n bién Da

Phudc; cdu tao bé tong va ké dé chic chin, phoi 16
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STT Phudng Quin Dang dudng bo ESI
- ESI 8B: Bo ke rin nhén tao phia trong khu vire moé han chén song
cta du an Pa Phude, khu vue khuét song, gid
Co 2 dang dudng bd ¢ khu vuc nay:
- EST 4: Bai cat tho khu vuce giap véi dia phan Phuong Thanh Binh;
- ESI 8B: Phan con lai ciia duong by Phuong Thuan Phudc; bo ke
rin bé tong va ké da nhan tao; khu vuc khuét song va gio.
ESI 8B: Toan by duong bo khu vuc nay 1a bo ké da va bé tong
nhan tao, khut séng va gié

Son Tra ESI 8B va ESI 8C: Khu vuc nay toan bg 1a cong trinh ke bé tong

11 Tho Quang nhan tao xen k& mot s6 dudng bo nho véi ké da Riprap; khu vuc
khuét séng va gid.

Co6 thé thay c6 7 dang duong bd chu yéu tai Vinh Da Néing, voi mdi loai duong bo s& cd
cac murc do nhay cam khac nhau va do ton tai tu nhién ctia dau va tinh d& lam sach khac nhau
khi ¢6 xay ra SCTD, bao gom:

- Buong bo phoi 19, vét liu nén thang ding, khong thAm nudc véi ESI 1: Cac loai duong
bo blen nay tiép xac véi song 16n, 6 xu hudng gitr. dau & ng0a1 khoi bang cach phan xa song.
L&p nén khong thadm nude nén dau van con trén bé mit, noi cac qua trinh ty nhién s& nhanh
chong loai bo dau bam lai trong vong vai tuan. Ngoai ra, bat ky loai dau nao bi mic ket déu
c6 xu hudng tao thanh dai doc theo duong thuy tridu cao hodc rira trdi, trén muic d6 cao cia
gi tri sinh hoc 16n nhét. Néi chung khong can hodc khuyén nghi don dep;

- Puong bo ESI 3 voi chat nén ban tham, Kha niang tham va chén lap dau thap hon: Xep
hang dudng bo bién nay bao g0m céc bii cat phoi 16 & cac bd ngoai, cac béi cat co che chin
doc theo cac vinh va dam pha, va cac bai cat suon doc va cac bd doc doc theo bo hd va bo
song. Chét nén cat hat min, nho gon giam thiéu su xAm nhap cua dau, giam lugng can dau
can loai bo. Hon nira, cac bai bién cat hat min thuong boi tu cham gifra cac con bao, lam
giam kha nang chon 1ap dau ctia cat sach. Trén cac bai cat co che chan, viéc chon cat hiém
khi dugc quan tam vi nang luong song thap. Trén cac bai bién phoi 19, dau c6 thé bi chon vui
sau néu ddu mic can ngay sau mot con bio x6i bd hoidc khi bét dau thot ky bdi tu theo mua.
Viéc don dep trén cac bai bién cat hat min duoc don gian hoa nho nén cung co thé hd tro xe
co va di bo;

- Pudng bo ESI 4 v6i d6 thdm trung binh, Kha ning thim dau va chén Iap dau vira phai:
Céc bai bién cét hat thd duoc Xep hang riéng biét va cao hon cac bai bién cat hat min dén
trung binh vi kha ning thAm dau va chon lap cao hon, co thé 16n dén 1 m. Nhing bai bién
nay c6 thé trai qua chu ky x6i mon va bdi ty rat nhanh, voi kha nang bi chén vii diu nhanh
chong, tham chi chi sau mot chu ky thiy tridu. Viéc lam sach khé khin hon, vi thiét bi c¢6 xu
hudng tan dau vao chat nén do cin lang lién két 1ong 1¢o;

- Puong bd ESI 7 véi bai tridu phang phoi 10: Chung bang phang (nhé hon ba d9) tich
tu trAm tich, nén co tinh thim cao chu yéu 1a cat, mic du co thé c6 thanh phﬁn phu sa va séi,
mat dg sinh vat thuong cao. Viéc lam sach luén khé khan vi kha nang tron dau sau hon vao
tram tich, dic biét 13 véi viéc di bd thu gom dau;

- Puong bo ESI 8 véi nén cung, dugc cAu tao tir da géc, vat liéu nhan tao hodc dat sét
ctng: Loai da gbc co thé thay doi rat nhiéu, tir d4 gbc nhin, thang dung, dén da dam débc, c6
kha nang tham dau khac nhau, d6 dic trong nén d4 nhin chung 1a doc (16n hon 15 d6), Chiing
duoc che ché khoi ning lwong séng hodc dong thuy tridu manh, dau c¢6 xu huéng phu 1én bé
mat da tho rép trong moi trudng co che chin va ton tai lau dai, Viéc don dep thuong duoc
yéu cau vi téc do loai bo tu nhién cham, tuy nhién viéc don dep thuong kho khan va kho tiép
can;

- Puong bd ESI 9 v6i Céc khu vue ¢6 che chan, phang, 16p nén ban thim, mém; sinh vét
thuong phong phu: Nen thip (nho hon ba dg) va bun chiém vu the nén dit mém va kha ning
tiép can cua thuy triéu han ché khién cac bai tridu c6 che chin gan nhu khong thé lam sach.
Thong thuong, bat ky nd lyc lam sach nao ciing tron dau sau hon vao tram tich, kéo dai thoi

9 Thuan Phudc

10  Nai Hién DBong
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gian phuc hoi; cac bo song thap thuong c6 nhieu bun, mém va thuc vat rdm rap nén rat kho
lam sach, toc do loai bo tu nhién c6 thé rat cham va phu thudc vao tan suat 1 lut.

Hinh 3. M6t s6 anh chup miéu ta cho phan loai dwong bo ESI: (a) ESI 1A: Bo da 1om chom tai Mii
Ctra Khém 1a phan nho ra bién dong xa nhét ctia déo Hai Vén; (b) ESI 1B: Bo ké nhan tao & Khu vuc
& cung bo 16m, phan chuyén tiép gitra khdi naii Hai Van va ven bién Lién Chiéu; (c) ESI 3A: Bai cat
min Vinh Lién Chiéu; (d) ESI 4: Bai Xoan, Vinh Nam Chon; (¢) ESI 7: Bai triéu phéng khu vuc ctra
song Cu D¢; (f) ESI 8B: Bo ké nhan tao khu vuc ctra song Han; (g) ESI 8B: Bo ké nhén tao khu vuc
cang dau khi Pa Néng; (h) ESI 8C: Bo ke Riprap khu vuc cang Tién Sa; (k) ESI 10A: Pam nuéc no
khu vuc kho xing dau PVOil Lién Chiéu.

- Buong bo ESI 10 voi ving dat ngap nude co thuc vat nodi: Pam 1ay, rung ngap man va
cac ving dat ngap nude co tham thuc vat khac 13 nhimg méi truong song nhay cam nhit vi
gia tri va gia tri st dung sinh hoc cao, & nhirng khu vuc nay dau dé dang bam vao tham thyuc
vat rat kho don dep va dau co kha nang tac dong lau dai dén nhiéu sinh vét.
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3.2. Bdn do chi s6 nhay cam dwong bo

Trén co sé phan loai cac dang dudng bo theo ESI ¢ trén, nhém nghién ctru tién hanh xay
dung cac ban dd chi s6 nhay cam dudng b tai Vinh Pa Ning. Bao gdm ban dd chi s6 nhay
cam dudng bd va ban d6 mac d6 nhay cam duong bd Vinh Pa Néng duoc trinh bay ¢ cac
hinh 4 va hinh 5.
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Hinh 4. Ban d chi s6 nhay cam duong bo ESI.
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Hinh 5. Ban d6 mirc 6 nhay cam duong bo.

Ban d chi s6 nhay cam duong by Vinh Pa Ning hién thi cac doan bo duge phan loai
chi tiét ap dung theo tai liéu huéng dan ciia NOAA. C6 thé thay do dic tinh va ciu trac duong
bo thi & Vinh Pa Ning c6 3 dang duong bo chiém wu thé nhat bao gdm: Puong bo véi cac
bai cat hat min dén trung binh véi sép hang ESI 3A; Puong bd da doc dung va phoi 16 véi
sép hang 1A; Pudng bo ké nhan tao trong ving khuét song voi sép hang 8B.

Béan d6 muc do nhay cam duong bd Vinh Pa Ning di 4p dung cach don gian hoa cac
chi s6 nhay cam dudng bo (Bang 1). Dya theo muc d6 nhay cam cua dudng bd co thé thiy
Vinh Da Nﬁng c6 3 khu vuc nhay cam nhét bao g@)m: Khu vue bo ké nhén tao, khut song
kéo dai tir cira song Han dén cang Tién Sa v6i mirc nhay cam cao; Khu vuc ctra song Cu Dé
va khu vuc Pam nude ng khu vuce kho xang dau PVOIl Lién Chiéu véi mire nhay cam rat
Ccao.
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4. Két luan

Két qua bai bao cho thdy burc tranh tong quan vé muirc do nhay cam duong bo tai Vinh
Pa Ning. Dong thoi minh chimg cho phuong phap 1ap chi sd nhay cam duong b theo NOAA
1a kha thi va c6 thé ap dung rong rai dé xay dung cac ban dd nhay cam moi truong & cac ving
bién ctia Viét Nam.

Vén dé nghién ctru dudng bo chi 1a mot khia canh trong hé théng huéng dan cia NOAA
vé chi sb nhay cam méi truong. Do d6 can ¢ nhitng nghién ciru chi tiét hon dé co thé ap
dung hudng dan nay xay dung cho hé théng ban d6 nhay cam méi trudng chung cua Thanh
Ph6 Da Ning phuc vu cho ké hoach tmg pho SCTD.

Pong gép ciia tic gia: Xay dung y tuong nghién ctu: N.-H.A., M.K.D.; Xir ly s6 liéu:
N.H.A., M.K.D., B.T.T.; Viét ban thao bai béo: N.H.A., M.K.D., B.T.T.; Chinh stra bai bao:
N.H.A.

Loi cam on: Nhom tac gia trin trong cam on sy hd trg cia Dé tai khoa hoc va cong nghé
“Nghién ctru co s¢ khoa hoc phuc vu xay dung quy dinh k¥ thudt xay dung ban dd nhay cam
moi truong do dau tran”, Ma s6 TNMT.2020.1862.02.

Loi cam doan: Tap thé tac gia cam doan bai bao niy 13 cong trinh nghién ctru cta tap thé
tac gia, chua duoc cong bd ¢ dau, khong duge sao chép tir nhitng nghién ctru trude day;
khong c6 sy tranh chap loi ich trong nhom tac gia.
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Building shoreline sensitivity index of Da Nang Bay applying
NOAA guidelines on environmental sensitivity index

Nguyen Hai Anh!, Du Van Toan', Mai Kien Dinh!, Nguyen Hoang Anh'", Bui Thi Thuy*
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Abstract: Da Nang Bay is the key economic development area of Da Nang City, especially
with domestic and international maritime activities, so the risk of oil spill is obvious, which
will greatly affect the economy and people's lives. The NOAA Environmental Sensitivity
Index (ESI) guidance document was issued to assess the extent of oil spill vulnerability in
order to identify sensitive areas for potential contamination. appropriate preparedness and
response plans. ESI maps are comprised of three types of information:Shoreline
classification; biological Resources and Human-Use. The article focuses on studying the
problem of shoreline classification, in particular, the study on building the shoreline
sensitivity index of Da Nang bay using the guidance document on environmental sensitivity
index (ESI). The study uses the water edge of the 1:50,000 scale topographic map as the
baseline in combination with the field survey to classify the shoreline according to ESI. The
results give ESI shoreline classification map and shoreline sensitivity map, thereby
providing necessary information for ESI environmental sensitivity mapping.
Keywords: National Oceanic and Atmospheric Administration (NOAA); Environmental
Sensitivity Index (ESI); Shoreline classification.
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Tém tat: Bai bao da xay dung céc kich ban trong cac truong hop khan cp ddi véi hd Nude
Trong va danh gia anh hudng ctia ngap lut duoc moé phong theo céc truong hop dén ha luu
ctia song Tra Khuc (dién tich bi ngép, s ho dan anh huong, s6 nguoi dan anh hudng). Dé
mo phong ngap lut bai bao di sir dung mé hinh MIKE FLOOD dé mé phong ngap lut ha
luu ho chira thuy dién trén Iuu vuc s6ng Tra Khic sau khi b mé hinh di dwoc hiéu chinh
va kiém dinh v61 3 tran 1 16n thang 11 ndm 2013, thang 11 ndm 2017, thang 11 ndm 2020
va két qua diéu tra khao sat vét 1ii va mat cat dugc thu thap trong thoi gian mua 1d nam 2020.
Véi thong s6 da hiéu chinh kiém dinh tot, bd mo hinh da st dung cac théng s6 d¢é mo phong
va danh gia ngép lut trén luu vue dudi tac dong cua cac hé chira Nudc Trong theo kich ban
xa 1l thiét ké va khi gip su co V& dap. Két qua cho thdy dién tich ngap lut 1on nhét trén luu
vuc song Tra Khuc tmg voi tan suét xa 1ii thiét ké va v& dap tran dinh (KB6) khoang 25.885
ha tap trung & mot s6 xa nhu Tinh Ha, Tinh Phong, Nghia Ha, Nghia Lam. bdi véi kich ban
xa 1i vuot thiét k& 0,02% (KBS5) thi dién tich ngap 16n nhét trén luu vuc song Tra Khuac
khoang 25.606 ha, véi kich ban xa 1ii thiét ké 0.5% (KB1) khoang 21.556 ha va xa lii theo
tan suat 1ii 10% (KB4) khoang 11.619 ha. Trong cac kich ban tinh toan, sé ho anh hudng
nhiéu nhat khoang 75.183 ho va s6 ngudi anh huong khoang 28.6568 ngudi.

Tir khéa: MIKE FLOOD; M6 phong ngép lut; H6 Nude Trong; S6ng Tra Khiic.

1. M& dau

Trong nhiing nam gan day, cac hd chua thuy dién duogc xay dung rat nhiéu tai cic ving
nui phia bac va khu vuc Mién Trung. Tinh dén nim 2021, tong s6 ho chira tai Vlet Nam
khoang 6873 hd chua [1] trong d6 c6 khoang 58 hd ¢6 dung tich trén 100 triéu m® (36 hd
thity dién), 130 hd c6 dung tich tir 10 triéu m® dén 100 triéu m® (20 hd thuy dién). Mot vai
nam qua, cac hd chira da phat huy vai tro t6i da nhu phét dién phuc vu phat trién kinh té xa
hoi, cung cip nudc tudi thuy loi, cit li trong cac dot 1i 16n giam thiéu thiét hai cho ha du.
Tuy nhién, ngoai nhing loi ich va vai tro quan trong cua hd chtra dem lai cling co nhiéu bat
cap can khic phuc nhu trong mét sb thoi diém mua 1d hd chira ¢6 vai trod cit 1i nhung da gian
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tiép lam gia tang 1d gy ngp lut ha du va co tiém ning nguy co xdy ra cac sy ¢b cong trinh
gay thiét hai rt 1on téi khu vuc ha du.

Theo nghi dinh s6 114/2018/ND—CP ban hanh ngay 04/09/2018 vé viéc Quan ly an toan
dap va ho chua [2] c6 néu viée xdy dung quy trinh van hanh lién ho chira cho cac luu vuc
song, xay dung hé thong tram khi tuong thiy van quan trac chuyén ding, 1én phuong 4n tmg
pho véi cac tinh hudng khan cdp. Nhan thiy su khan thiét, cac don vi cd lién quan va UBND
tinh Quang Ngii, cac don vi tham muu d3 soan thao va trinh thi tudng chinh phu ki Quyét
dinh s6 911/QD-TTg cta Thu tuéng Chinh pha ngay 25/07/2018: Vé viéc ban hanh Quy
trinh van hanh lién ho chira trén lwu vuc song Tra Khuac [3] nhiam van hanh céc ho chira trén
lru vue séng Tra Khuc theo quy tic va thong nhat dé giam thiéu thiét hai thap nhét xay ra
trén luu vuce song Tra Khtc. Thuc hién nghi dinh s6 114/2018/ND—-CP vé quan ly an toan
dap, hd chira va Quyét dinh s6 91 1/Qb-TTg vé viéc ban hanh Quy trinh van hanh lién hd
chtra trén luu vyce song Tra Khuc trong viée van hanh cac hd chira Nude Trong, Pk Drinh,
Son Tra 1, Pak Re trong thoi gian vira qua. Dé dénh gia dugc anh hudng ciia ho chira dén ha
Iru Iwu vue song Tra Khac dic biét hd chira nudce 16n nhu hd Nude Trong va hd ik Prinh
thi trong nghién ciru ndy sé& Iya chon nghién ctru danh gia tic dong ctia hd chira Nudc Trong
dén ngap lut ha luu séng Tra Khic va xem xét cac yéu td cac hd chua khac van hoat dong
binh thuong.

D3 ¢6 nhiéu nghién ctru trong nudce di nghién ctru mo phong ngap lut ha luu cac hd chaa
nhu Nghién ctru “Panh gia dién bién ngap lut ha du hd Pong M6 khi xay ra v dap”, [4] da
str dung bo cong cu Hec—Ras d¢é mo phong v& dap va mé hinh MIKE FLOOD dé mé phong
ngap lut theo cac kich ban. Ciing str dung cong cu MIKE dé mé phong ngap lut ha luu nhu
nghién ctru [5] “Ap dung m6 hinh thity van, thily luc mé phong ngp lut ha du song C4” va
nhiéu nghién ctru khac [6-16]. Do vay, Dé danh gia tic dong ctia hd chua thity dién Nudc
Trong dén ngap lut khu vuc ha luu ctia song Tra Khic, ching tdi sir dung mé hinh MIKE
FLOOD la mé hinh thuy dong luc hoc dong chay két néi 1-2 chiéu ¢ kha ning mé phong
muc nude va dong chay trén song, vung cura song, vinh va ven bién, ciing nhu md phong
dong khong 6 6n dinh hai chiéu ngang trén dong bang ngap li. M6 hinh nay két hop céc uu
diém ctia mo hinh 1 chiéu cho mang ludi song (thdi gian mé phong ngan) vé6i cac loi thé cua
md hinh 2 chiéu (m6 phong chinh xac dién ngdp lut va truong van tc trén bé mat dong bang
ngap lii) dong thoi tuong thich véi cac cau tric GIS thong dung vi thé da nhan dugc nhiéu
sy quan tdm ciia cac nha nghién ciru cling nhu c6 nhidu tmg dung trong thyc tién & Viét Nam
va trén thé giéi [6, 8].

2. Phuwong phap nghién ctru

2.1. Gioi thiéu luu vuc

Song Tra Khuc dugce hinh thanh béi hgp luu cua 3 con song 16n 1a song Rhe, song Dak
SeeLO va sdng Bk Prinh. Subi Nudc Trong 1a phu luu cép 1 cua song Dak Brinh. Cac ho
cat 1ii theo Quy trinh van hanh lién hd chira trén luu vyc song Tra Khuc bao gdém hod thuiy
dién Dak Drinh trén séng Dak Prinh va hd thuy loi Nu6e Trong trén subi Nudc Trong.

Trén luu v séng Tra khiic hién nay c6 2 hd chira thity dién 10n tac dong rat 16n dén luu
vue gdm hd Nudce Trong c6 dung tich hitu ich 258,70 triéu m® va hd Dak P’ring c¢6 dung tich
hiru ich 205,18 triéu m®. Hang nam, vao mua li (bat dau tir ngdy 01/09 dén ngay 15/12 hang
nam) theo quyét dinh cta Quy trinh van hanh lién hd chira luu vuc song Tra Khic (911/QD—
TTg) ho chira Nudc Trong sé& giit ngudng muc nude 16n nhat don 1 1a 116,0 m (tir ngay 1/9
dén ngay 20/09), 120,0 m (tir ngay 21/09 dén ngay 14/11), 121,0 m (tir ngay 15/11 dén 15/12)
va hd chira Bak Drinh s& giir ngudng muc nudc 16n nhat don 1i 1a 405,0 m. Trong do, voi
vai trd 14 cong trinh hd chira thuy loi va c6 dung tich 10n nhat trong hé thdng thi cong trinh
hd chira Nudc Trong s& dam nhan vai trd quan trong hon trong qua trinh van hanh cit giam
lii cho ha du. Theo Quyét dinh s6 911/QD-TTg ngay 25 thang 7 nim 2018 ciia Thu tudng
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Chinh phu vé viéc ban hanh quy trinh van hanh lién hd chira trén luu vuc song Tra Khuc c¢6
néu rd muc nudc van hanh cat 1 tai 2 hd Nudc Trong va Bak Drinh tai Dieu 7 tuong duong
dung tich cat 1ii tai ho Dik Prinh 1a 81,7 triéu m3, ho Nudc Trong 1a 103,6 triéu m®, tong

dung tich cat Iii ca 2 ho 1a 185,3 triéu m®,

s
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Hinh 1. Ban d6 luu vuc song Tra Khc.

Mua mua, trén song Tra Khuc thuong xay ra 1l 16n gay ngap ing vung ha du anh hudng
16n dén san xuét. Dac biét trong nhing nam gan day tinh hinh 1ii cang trd nén phirc tap, luu
luong dinh 1 16n thoi gian 1i kéo dai. Nam 2013, 2017, 2020 14 3 tran 1ii 16n nhat xay ra gan
day. Myc nuéce ¢ ha luu Tra Khic déu vuot bao dong 11T cu thé: +8,76 m (ndm 2013); +7,78
m (nam 2017); +7,90 m (nam 2020). Ngap lut & cac ving dan cu dién ra lién tuc, kéo dai,
anh huong to 16n dén cac hoat dong dan sinh kinh t& va méi truong sinh thai.

2.2. Phuong phap va dir liéu swr dung

2.2.1. Cac tiép can va cac budc thuc hién

Nghién ctru da su dung mo6 hinh MIKE [ T thip dirkéu - dia hinh,
FLOOD dugc phat trién boi Vién Thuy luc Pan KTTLV
Mach (DHI) thyc chat 1a phan mém lién két gitta [z s von o van
mo hinh MIKE 11 va MIKE 21 da dugc xay dung thuy hyc , nghp Iyt
trude d6 dé mo phong ngap lut cho khu vuc [4— — ‘l - -
6]. M6 hinh sau khi dugc xay dyng s& mo phong | R e
cac kich ban xa Iii theo cac tan sudt thiét ké (P = !

0,5%), lii thudng xuyén (P = 5%, 10%), lii kiém Xay dymg kich ban

tra (P = 0,1%) va lii vuot kiém tra (P = 0,02%) va I

kich ban v& dap tinh toan bang module Dambreak | Tiah todn va mo phong cic

trong mo hinh thiy lyc Mike 11. Cac budc mod ‘“—“‘l"“‘

phong ngap lut cho ha luu cac luu vuc song duoc —

khai quat héa nhu Hinh 2. Ban dongip It

2.2.2. Dt liéu su dung

Hinh 2. So d6 mé phong ngép lut.

Dit liéu dia hinh: Dir liéu dia ban d6 dia hinh duoc thu thap tai Cuc d6 dac va Ban dd
Vi¢t Nam, Bo Tai nguyén va Moi trudong voi cac ty 1€ 1:10.000, 1:5.000, 1:2.000 duoc su
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dung dé tao md hinh sé do cao (DEM) v6i d6 phén giai 30m x 30m (Hinh 3) bang cong cu
GIS, hé toa d6 cua VN2000, kinh tuyén trung tdm 108° va cao do quoc gia Viét Nam.

Tai liu mit cit song: Tai liéu mit cit ngang song tir s6 liéu mat cat do dac khao sat bd
sung nam 2019 két hop voi dir liéu mat cit da thu thap tir Tong Cong ty Tu van xay dung
thily loi Viét Nam gém 159 mit cét cho song chinhva cac chi luu va mot sé dir liéu mat cat
trén song V¢, song Phii Tho dugc do dac tir nam 2009, 2010 (Hinh 4, Bang 1).
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Hinh 3. (a) M5 hinh s cao do (DEM) khu vuc nghién ctru; (b) So dd hinh minh hoa mit cit ngang song.

Bang 1. Thong tin vé cic mit cat sir dung trong mé hinh MIKE 11.

TT Tén sdng Chiéu dai (km) S6 mat cat Piém diu Piém cudi
1 Tra Khic 90,5 20 Ho Nudc Trong Cua Co Lity
2 Pik Drinh 19,5 20 Hb Dik Drinh Séng Tra Khic
3 bik Selo 26,7 3 Ho Son Tra Séng Tra Khic
4 bik Re 68,0 7 Ho Dk Re Séng Tra Khuc
5 Song Vé 21,0 38 Tram An Chi Cira Lo
6 Phuc Tho 5,3 5 Song Vé Séng Tra Khuc

Tai liéu vé cong trinh: Trén hé thong song Tra Khiic ¢6 5 ho 16n gdm ho Pik Drinh, ho
Nudc Trong (séng Tra Khuc), HO Son Tra (song Dk Selo), ho Dak Re (song Dik Re). Phia
dudi ha nguon 1a Dap Thach Nham (Hinh 4), déng vai trd dap dang 1a trir nuée va dang dau
nudce 1am anh huong dén ché d6 thuy dong luc trén song.

Thach Nham Tra Khic

= 5
§!| 2.5km Son Giang
S. Dak Ring § S. Tra Khiic v S. Tra Khic S. Tra Khic '
—> ——
18 km 17 km 2 km 8 km 23 km 20 km 14 km
Hb Son Tay §|& ¢l £l g
2l sl 2~
F =86 km2 2N N <~
Vhi = 0,397 x 10°m? 5 o b
Pesne An Chi Song Vé
\/ 6km v 16 km

S. Vé S. Ve

Hinh 4. So db tinh to4n mé hinh va cac cong trinh trén sdng.
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S liéu khi tugng thuy van: Nghién ctru st dung luong mua gio mot s6 tran & nam 2013,
2017, 2020 tai cac tram Ba To, Gia Vuc, Son Tay, Son Ha, Son Giang, Minh Long, Tra My,
Tra Béng, An Chi, Song V¢, Tra Khac, Chau O va Quang Ngii. Muc nudc tai tram thily vin
Tra Khuce, Son Giang, An Chi, s6 liéu luu luong tai tram Son Giang, An Chi va s6 liéu van
hanh chi tiét cac hd.

Dit liéu dan cu: Dit liéu ho dan duoc thu thap tir dit liéu ban dd st dung dat cua tinh
Quang Ngii nam 2015 dé xac dinh sé ho dan trén dia ban ving anh huong do 1i lut va sd
ngudi dan duge str dung tinh toan dua trén dir liéu thong ké ndm 2019 cua tinh Quang Ngai.

3. Két qua va théo ludn

3.1. Thiét ldp mé hinh

Trong bai b4o, bd mé hinh MIKE 11 dugc thiét 1ap v6i bién trén 13 luu luong xa qua hd
tai ha Iuu ho chira Pak Pring, Nudc Trong, Son Tra 1, Pak Re (thudc phan song chinh Tra
Khiic) tram thily van An Chi (séng vé) va cac nhap luu khu giita duge tinh toan bang mo
hinh NAM, bién dudi tai ctra Pai (Quang Ngai) (Hinh 5a, 5b). M6 hinh MIKE 21 véi dién
tich phan tir 16n nhat 1a 2.580.150 m? (khu vuc ngoai bién), dién tich phan tir nhé nhat 225
m? (khu vuc tuyén cong trinh), dién tich phan tir trung binh khoang 6700 m?. Ludi tinh toan
st dung lu6i hon hop phi cdu triic két hop ludi cong truc giao, tong sd phan tir 13 100.079
(hinh duéi day) cho khu vuc ha luu song Tra Khiic (Hinh 5¢) va két ndi voi mang song trong
MIKE 11 bang cong cu MIKE FLOOD (Hinh 5d).

i : @ Biéntrén y : R \
; A Bién dudi 4
/ A ; :A
[ 4 {_é’b Tra Khac é
o T 2
Nu'c’rc'-Trong ! & s D
Eall
(b)
(d)

Hinh 5. (a) So d6 mo6 hinh MIKE NAM; (b) So dd mé hinh 1 chiéu (tron: Bién trén); (c) Ludi tinh
toan 2D trong md hinh MIKE 21; (d) Két n6i mé hinh 1D-2D trong MIKE FLOOD.

3.2. Hiéu chinh va kiém dinh mé hinh

Sau khi nghién ctru hé thdng song, ho chira, cac tai liéu khi twong thiy van trén toan luu
vuc song Tra Khuc lya chon trén It dai dién nhu tran 1i cudi thang 10/2020 dé hiéu chinh
mo hinh va kiém dinh lai véi 2 tran 1i thang 11/2013 va tran i 11/2017 va céc vét i duoc
diéu tra tai thuc dia trong dot khao sat cac nam xay ra lii trong tng.
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Vi bo thong sb da dugc thiét 1ap dé hiéu chinh mé hinh cho thiy, muc nuée dinh 1i tai
tram Son Giang tinh toan 13 39,7 m, myuc nuéc dinh 1i thuc do 14 39,56 m, sai s tuyét ddi 1a
14 cm. Hé s6 NASH dat 85,2% thudc loai tét. Muc nudce dinh 1di tai tram Tra Khac tinh toan
1a 7,92 m, myc nuéce dinh 1 thue do 13 7,73 m, sai sé tuyét ddi 1a 19 cm, ddy 1a muc sai s6
rat nho. Hé s NASH dat 80,2% thudc loai tot. Mic du giai doan chan I con thién cao va
dinh 1d tinh toan tré pha hon so véi thuc do, tuy nhién v6i bd mo hinh mé phong 1ii thi didu
nay chép nhan dugc. Nhu vay, bd s6 nham Manning duoc thiét 1ap v6i vung nuai thuong
ngudn hé s nham dao dong tir 0,065-0,075 va ha luu thi nham giao dong tir 0,03-0,035 thu
duogc sau qua trinh hiéu chinh cho thay su phu hop trong viéc moé phong. Bo s6 nham nay s&
duoc sir dung dé kiém dinh mo hinh, qua trinh kiém dinh dién ra doc lap voi qua trinh hiéu
chinh.
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Hinh 6. Puong qua trinh myc nude, vét 10 tinh toan va thuc do tai cac tram va cac diém doc trén
song Tra Khuc, tran It nam 2020 (Mau do: Tinh toan, Mau xanh: Thyc do): (a) Tram thiy van Son
Giang; (b) Pap Thach Nham; (c) Tram thuty van Tra Khic; (d) Tuong quan vét 1i nam 2020.

Dung két qua tinh toan tir mo hinh mua dong chay MikeNam lam bién du vao cho mo
hinh thiy Iyc va ngap lut Mike Flood. Thuc dia diéu tra cac vét 1i da xay ra trong tran 1i
thang 11/2013 va thang 11/2017 doc cac séng, trong cac khu vuc dan cu va ving ngap dé
kiém dinh bd thong sé cho mé hinh ngap lut. Sir dung bd théng sb nham thu duoc tir qua
trinh hi€éu chinh m6 hinh ngép lut ¢ trén ddc 1ap mo6 phong kiém dinh lai cho 2 tran i thang
11/2013 va thang 11/2017.
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Hinh 7. Puong qua trinh myuc nudc tinh toan va thue do tai mot sb vi tri trén song Tra Khuc, tran i
nam 2013 (Mau do: Tinh toan, Mau xanh: Thuc do): (a) Tram thily van Son Giang; (b) Pap Thach
Nham; (¢) Tram thity van Tra Khuc; (d) Twong quan vét 1ii ndm 2013.
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o Hinh 8. Buong qua trinh muc nude tinh toan va
6 thye do tai mot sO vi tri trén song Tra Khc, tran 1d
50 - nam 2017 (Mau do: Tinh toan, Mau xanh: Thyc
40 - do): (a) Tram thuy van Son Giang; (b) Tram thuy
® vin Tra Khuc; (¢) Twong quan vét 1t ndm 2013.
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Tran la dén tram thuy vian Son Giang nam 2017
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Hinh 9. Buong qua trinh luu lugng tinh todn va thuc do tai tram Son Giang trin 1i ndm 2013 va nam

2017.
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Vi tran 1l thang 11/2013, myuc nudc dinh 11 tai tram Son Giang tinh toan 1a 41,82, myc
nuée dinh 1i thue do 14 41,94 m (1éch +12 cm), hé s6 NASH dat 80,6% (thudc loai tdt), luu
luong tai tram Son Giang tinh toan 1a 16800, luu luong thuc do 1a 16900 (1&ch 100 m¥/s).
Muc nudc dinh 10 tai tram Tra Khuc tinh toan 1a 8,72 m, muc nudc dinh 10 thuc do 1a 8,76m
(1éch +4 cm), h¢ s6 NASH dat 82,6% (thudc loai tét) cho théy qua trinh tinh toan bam sat véi
qua trinh thuc do). Tran 1i thang 11/2017 1a tran 1d khé phtc tap vé qué trinh (c6 3 dinh), tuy
nhién md hinh cting d@ mé phdng lai dugc hién tuong nay. Myc nudc dinh 1 tai tram Son
Giang tinh toan 1a 38,27 m, muc nudc dinh 1 thuc do 14 37,99 m, sai s6 tuyét doi la 28 cm.
Hé s6 NASH dat 78,2% thudc loai tét. Luu lugng tai tram Son Giang tinh toan 1a 9000, luu
luong thuc do 14 9105 (1éch 105 m%/s). Muc nudc dinh i tai tram Tra Khuc tinh toan 1a 7,88
m, myc nude dinh 18 thue do 14 7,82 m, sai sb tuyét d6i 12 0,06 cm, day 1a muc sai s6 rat nho.
Hé s6 NASH dat 82,2% thudc loai tot. Mic du giai doan chan 1l con thién cao, tuy nhién véi
bd mo hinh mé phong 1ii thi diéu nay chap nhan duoc.

Sau qué trinh do tim tir két qua tinh toan mo phong hiéu chinh tran 1 cudi thang 10/2020
va kiém dinh lai voi tran 1& thang 11/2013 va 11/2017 cho mé hinh ngap lut ha du cac ho
chira va hé théng song Tra Khuc nhu trén cho két qua chénh l1éch khong nhiéu, cac vét 1i
diéu tra dugc tin cdy, muyc nudc tinh toan phu hop, du tin cay dé ap dung vao viéc nghién
ctru tinh toan mé phong céc kich ban xa 1t va v& dap hd Nudc Trong ciing nhu xay dung ban
d6 ngap lut ha du.

3.3. Két qud Panh gid ngdp lut ha lwu séng Tra Khiic dwdi tac dong ciia ho Nude Trong

3.3.1. Xay dung kich ban

Vi myc dich xac dinh duge mirc d6 thiét hai va xay dung dugc phuong an ng pho
khan cip dap/ho chtra xa 1i/su ¢d dap co thé anh huong truc tiép dén ving ha luu va ddc biét
khi xay ra sy co thi ché d¢ 1ii (10 16n thiét ké vé ho) ctia song vung anh hudng tiém an cac
nguy co vé ngp lut cho hé Nudc Trong. Vi vay, dé phuc vu cong tac quan Iy giam thiéu rai
ro ngap lut cho ving anh hudng bao gdm toan bo dién tich ha luu dap Nudc Trong vé ha du
dén hét pham vi song Tra Khuc chay qua dia phan cac huyén va Thanh phé Quang Ngai.
Nghién ctru s& xay dung céc kich ban bao gdm kich ban xa lii chu dong, xa i vuot thiét ké,
tinh hubng v& dap.

Nhom kich ban khong xay ra su ¢ v& dap (05 kich ban):

- KBI: Truong hop xa lu 1a thlet ké P =0,5% qua cong trinh xa 1ii kién ¢ lam viéc binh
thuong va mua ha luu c6 tin suat twong tmg. Dong chay lii sau khi qua tran s& d6 vao song.

- KB2: Truong hop x4 lii kiém tra P = 0,1 % qua cong trinh x4 lii kién c¢6 1am viéc binh
thudng va mua ha luu c6 tan sudt tuong Gng.

- KB3: Trudng hop x4 lii thudng xuyén véi tan sudt P=5% qua cong trinh xa 1ii kién cb
1am viéc binh thudng va mua ha luu c6 tan suit twong tng.

- KB4: Truong hop x4 li thuong xuyén véi tan suat P=10% qua cong trinh x4 Iii kién cb
1am viéc binh thudng va mua ha luu c6 tin suit twong Gmg.

- KB5: Truong hop x4 lii trong diéu kién thién tai bat thuong (xa 1i vuot tan suat thiét
ké, tan suit 0,02 %) qua cong trinh xa 1d kién cb 1am viéc binh thuong va mua ha luu c6 tan
suét tuong ung.

Nhom kich ban v& dap khi ¢6 1ii dén hd (03 kich ban):

- KB6: Truong hop kha nang xa i cua ho khong dap ung tiéu chuan thiét ké dép hién
hanh, tinh hudng v& dap duoc tinh voi lii thiét ké P = 0,5% va ha luu c¢6 mua voi tan suat
twong Ung.

- KB7: Truong hop kha nang xa li cua hd khong dap umg tiéu chun thiét ké dap hién
hanh, tinh hudng v& dap dugc tinh véi 1i kiém tra P = 0,1% va ha luu c6 mua véi tan suat
tuong Ung.
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- KB8: Truong hop v dap do dong dat vuot tan suit thiét ké, khong c6 mua va 1t, myc
nudc ho img voi muc nude dang binh thuong.

Bing 2. Cac kich ban tinh ngap lut khan cap.

LA . Ve K Muc nuée hé trude . .
Ky hi¢u Tinh huong La dén Khi lii dén Hinh thure vo

I. X4 1i chu dong

KB1 Xa 1ai thiét ké Qo.5% MNDBT Khong v dap
KB2 Xa 1ii kiém tra Qo1 % MNDBT Khong vo dap
KB3 Xa 1t 5% Qs MNDBT Khéng v& dap
KB4 Xa i 10% Q1% MNDBT Khong v dap
I1. Xa 1 vuot thiét ké
KB5 Xa 10 vuot thiét ké Qo.02% MNDBT Khong v dap
I11. Tinh hudng v& dap (tran dinh)
KB6 V& dap voi 1 thiét ké 0,5% Qos% MNDGC Tran dinh
KB7 V& dap voi lii kiém tra 0,1% Qo.1% MNDGC Tran dinh

IV. V& dap do su ¢b cong trinh
V& dap khi c6 1i dong dat vuot
tan suét thiét ké

KBS Qaén MNDBT

3.3.2. Két qua ngap lut luu vuc song Tra Khic theo cac kich ban

Ban dd ngap lut chi tiét theo cac kich ban dugc trinh bay trén (Hinh 10) va s6 liéu tinh
dién ngép tuong ung duoc trinh bay trong (Hinh 11) cho thay dién tich ngép lut 16n nhét trén
luu vue song Tra Khdc ung voi tan suat xa lii thiét ké va vo dap do tran dinh (KB6) khoang
25.885 ha tap trung & mot s6 xa nhu Tinh Ha, Tinh Phong, Nghia Ha, Nghia Lam. Déi voi
kich ban xa 1l vuot thiét ké (KBS5) thi dién tich ngdp lon nhat trén luu vuc song Tra Khiic
khoang 25.606 ha, v&i kich ban x4 1ii thiét ké 16n nhat (KB1) khoang 21.556 ha va x4 lii thiét
ké nho nhat (KB4) khoang 11.619 ha. Trong céc kich ban tinh toan, s6 ho anh huong nhiéu
nhét khodng 75.183 ho (Hinh12) va s ngudi anh huéng khoang 28.6568 nguoi (Hinh 13).
Nhu vay, c6 thé thay 1ii trén luu vuc song Tra khac anh huong rat 16n dén khu vyc ha luu cac
ho chira khi xa 1 cling nhu xay ra sy 0 v& dap. Trong diéu kién cuc doan va xay ra sy cb
v dap thi ngap lut & lvu vue Tra Khiic can ¢ cac bién phéap phi cong trinh nham giam thiéu
rui ro va thiét hai cho ving ha luu nhu du bao, canh bao va nang cao nhén thirc cong dong
vé 1 lut.

4. Két ludn

Trong qua trinh khai thac van hanh can thuc hién theo dung QT911/QB-TTg cho céc
cong trinh trén hé thong trong mua Iii va mua kiét, ddng thoi ting cudong cong tac du bao li
dén cac hd chira Nu6e Trong, Pak Drinh, dong thoi du béo canh bao i chinh vu, 1i trong
mua kiét dén thuy van Tra Khic theo cip BD nham cha dong trong van hanh dong mo cira
cdng dam bao an toan cho cong trinh va TP Quang Ngai. Tuy nhién, dé danh gia dugc murc
d6 anh huong cta ho chira Nude Trong dén ha luu thi nghién ctru di xdy dyng mé hinh mo
phong, danh gia tac dong ciia hd chira dén ngap lut ving ha luu cta luu vue song Tra Khuc
cho thdy b thong s6 di duoc hiéu chinh va kiém dinh cho két qua turong doi t6t va c6 thé sir
dung cho céac nghién ctru moé phong ngap lut khu vuc ha luu. Nghién ctru da danh gia tac
dong ctia hd chira nude trén luu vue song Tra Khic voi cac kich ban xa 1i thiét ké chu dong,
x4 1ii thiét ké vuot kiém tra, xa 1ii thiét ké va sy cb v& dap cua hd chtra Nuée Trong da anh
hudng rat 16n dén khu vuc ha luu, chinh vi vay nghién ctru s€ 1a co s& khoa hoc gitp cac nha
quan 1y c¢6 nhirg dinh huéng chinh sach phu hop cho ving ha lwu cac hd chira Nude Trong
cling nhu ha lIuu cta luu vuc song Tra Khuc.
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Tuy nhién, trong nghién ctru ndy méi xem xét dén cac yéu t6 khan cp cua hd chira Nude
Trong ma chua xem xét dén yéu t6 xay ra déng thoi gitta hd Nudc Trong va hd Pik Drinh.
Truong hop nay 1a truong hop rat cyc doan ddi voi hé théng séng Tra Khiic nén day sé 1a
huéng nghién ciru tiép theo ctia nhoém nghién ctru. Ngoai ra, trén hé thdng Tra Khuc hién nay
dién bién kha phtrc tap, hién tuong lii 1én rat nhanh ma ngudi dén chua kip tmg pho. Do vay,
dé dam bao an toan cho ngudi dan dé - nghi can xem xét lap dat 1 s6 tram quan trac muc nudc
tu dong va canh bao ty dong co thé lap dat nhu Cau Rin ngay Thi tran Di Lang theo doi van
hanh 1ii thyc té hang ndm phuc vu nghién ciru t6 hop 1l va van hanh theo thoi gian thuc hé
thong song Tra Khiec.
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Hinh 10. Ban d6 minh hoa ngép lut theo cac kich ban: (a) KB1; (b) KB2; (c) KB3; (d) KB4; (¢) KBS;
(f) KB6; (g) KB7; (h) KBS.
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Dién tich ngap lut theo cdc cdp ngap
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Hinh 11. Biéu do thé hién dién tich ngap lut theo cic cap ngép trén luu vuce Tra Khuc.
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Hinh 12. Biéu d6 thé hién s6 ho dan bi anh hudng theo cac cap ngap trén luu vue Tra Khuc.
S8 ngwdri o thé anh hwdng theo cdc cap ngap
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Hinh 13. Biéu dd thé hién sé nguoi dan c¢6 thé bi anh hudng theo cac cip ngap trén luu vuc Tra
Khc.
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Assessing the impact of Nuoc Trong reservoir on the downstream
of Tra Khuc river in emergency cases
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Abstract: The article has developed scenarios in in emergency cases for Nuoc Trong Lake
and assessed the effects of simulated flooding in cases on the downstream of Tra Khuc River
(inundated area, the number of affected households, the number of affected people). The
article has used MIKE FLOOD model to simulate flooding downstream of a hydroelectric
reservoir on Tra Khuc river basin after the model was calibrated and validated with 3
massive floods in November 2013, November 2017, November 2020 and the survey results
flood traces and cross—sections were conducted during the flood season in 2020. The model
has used well—calibrated parameters to simulate and evaluate inundation in the basin under
the impact of Nuoc Trong reservoirs according to the designed flood discharge scenario and
dam break scenario. The results show that the largest flooded area in Tra Khuc river basin
corresponding to the frequency of design flood discharge and bursting of the spillway of the
dam (Scenario 6) is about 25,885 ha and concentrates in some communes such as Tinh Ha,
Tinh Phong, Nghia Ha, Nghia Lam. In the scenario of flood discharge exceeding the design
0.02% (Scenario 5), the largest flooded area on Tra Khuc river basin is about 25,606 ha. In
the design flood discharge scenario of 0.5% (Scenario 1) is about 21,556 ha and flood
discharge according to flood frequency 10% (Scenario 4) is about 11,619 ha. In the
calculated scenarios, the most affected households are about 75,183 households and the
number of affected people is about 28,6568 people.

Keywords: MIKE FLOOD; Flood simulation; Nuoc Trong reservoir; Tra Khuc River.
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Tém tat: Bai béo trinh bay vé phan bd ning nong dic trung boi dai lugng sd ngay ning
néng (SNN) trong nim trén pham vi toan lanh thé Viét Nam. Két qua chi ra, SNN gia ting
manh ¢ khu vuc Tay Nguyén, Nam Bo trong thoi ky khoang thang 3 dén thang 5; ¢ cac tinh
Bic Bo va Trung B9 trong thoi ky tir khoang thang 4 dén thang 8. Gia tri SNN nhiéu nhat
& khu vuc céc tinh mién Trung, dac biét & Bic va Trung Trung B¢. Ngoai ra, nghién ctu
thyc hién dy bao thir nghiém SNN trong muia thang 4 dén thang 6 bang sir dung mang than
kinh nhan tao v6i nhan t6 du béo 1a cac chi sb lién quan dén ENSO. Két qua cho thay, dy
bao c6 k¥ ning cho cac khu vuc thudce phan cac tinh Bic Bo va Bic Trung B9, trong khi
céc tinh thudc phan phia nam nhu Tay Nguyén, Nam Bg, Nam Trung B6 ¢6 k¥ ning yéu.

Tir kh6a: Mang ANN; ENSO; Ning nong.

1. Giéi thiéu

Du béo khi hau thoi han mla cung cap thdng tin quan trong trong viéc xay dung cac ké
hoach san Xuat dai han. Trong do, c6 mot s6 thong tin dac biét can thiét véi san xuat nong
nghiép va co cAu mua vu nhu: nhiét do, luong mua, s6 dot, 56 ngay rét dam, nang nong. Hién
nay, & Viét Nam, c¢6 hai don vi nha nuéc cung cap thdng tin du bao moa la: 1) Trung tam Dy
béo khi tuong thiy van qubc gia (TTDBQG); 2) Vién Khoa hoc khi twong thay vin va Bién
d6i khi hau (Vien KTTV&BDKH). Cac san pham du bao mia dua chinh trén ba phuong
phap: 1) San pham tir cac mo hinh khi hau dong luc (CIWRF, RegCM,); 2) St dung théng ké
truyen théng véi cac nhan t6 du béo nhu: ENSO hoic nhiét do bé mat bién; 3) Két hop gitta
thng ké va md hinh du bao s6. Nhitng théng tin du bao mua hién nay cling co ban déap ing
duoc phan nao nhu Cau ctia x4 hoi. Tuy nhién, du béo céc yéu tb cuc doan nhu: sd ngay niang
nong, rét dam, ... can duoc dugc quan tdm, nhan manh va nang cap.

Gan day, phat trién ctua cong nghé may tinh da cho phép thyc hién dugc nhiéu tinh toan
phtic tap hon, gitip ich nhiéu cho cac linh vuc Gng dung. Thuat toan vé tri tué nhan tao
(Aritificial Inteligence; Al), may hoc (Learning Machine; LM) c6 diéu kién thuan lgi dé ung
dung trong cac linh vuc khac nhau [1-2]. Khoa hoc khi hau ciing can nhitng thuat toan hién
daicho phan tich dit liéu [3-7]. Cac thuat toan Al, LM hay mang than kinh nhan tao (Artificial
Neural Network; ANN) cho phép giai duoc cac quan hé phi tuyén, khic phuc dugc cac nhuoc
diém cua hoi qui tuyén tinh truyén théng. Tir d6, cac thuat giai AT, LM, ANN gia ting co hoi,
tim kiém dwoc cac tin hiéu co ich, khai théc cho viéc xay dung bai toan du bao. Mét s nhiing
tng dung cua Al, LM, hay mang than kinh nhan tao (Artificial Neural Network; ANN) ciing
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d3 thu duoc nhiing thanh twu nhét dinh. Vi du, [4] d4 sir dung NNs dé hiéu chinh du bao cua
md hinh khi quyén tai vi tri tram quan trac. Mot sé nghién ciru khac da tng dung NNs dé tim
twong tu cac hinh thé qui md Ién caa khi quyén cé thé gay ra su kién thoi tiét cuc doan [8-
10], nang cap tham sb hoa trong md hinh sé [11]. Tai Viét Nam, mét sé nhitng nghién ciu
da ung dung NNs trong du bao khi tuwgng thuy van nhu: dy bao luu lvgng nudce, dong chay
[12]. Tuy nhién, hau nhu chua c6 nghién ctu thae nghiém du béo sé ngay néng véi thoi han
khi hau. Cach tiép can, c6 thé sir dung mé hinh dy bao dong luc [13], hoic st dung cac quan
hé thdng ké véi nhan t6 du bao 1a cac dao dong khi hau qui md 16n nhu ENSO (EI Nifio—
Southern Oscillation). Ba c¢6 nhitng nghién ctu chi ra quan hé gitra ENSO va bién dong cua
cac dot nang néng tai cac nuéc & Ban Dao Dong Duong, trong d6 c6 Viét Nam [14]. Cu thé,
diéu kién El Nifio xuit hién s& 1am tang cuong hé thdng dong giang dan téi diéu kién kho
han, thiéu mua gop phan lam gia tang ning nong & khu vuce ban dao bong Duong. Déy c6
thé 1a co s& quan trong dé xuat xay dung mot phuong an dy bdo mua sé ngay ning néng khu
vuc Viét Nam dya trén chi sb lién quan dén ENSO. Mit khac, do thoi han du bdo xa, san
pham du bao tir cac md hinh dong luc ciing tré nén kém hiéu qua hon vai han du bao khi
hau. Viéc sir dung cac thuat toan ANN cung cip thém maot cach tiép can du bao 1a diéu can
thiét. Nhitng cha dé nghién ctu vé van dé nay, can duogc thuc hién nhiéu hon. Trong nghién
ctu ndy, thuat toan ANN duoc sir dung dé phan tich véi dir liéu dau vao la cac chi s6 dao
dong khi hau qui mé 16n lién quan dén ENSO, dé thir nghiém du bao s6 ngay néng trén lanh
thd Viét Nam.

2. S6 liéu va phuong phap
2.1. Khu viee nghién ciru

Climate Sub-regions
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Hinh 1. Lanh th6 Viét Nam va mang lui tram quan tric (cham tron). Cac phan ving khi hau: Tay
Bic Bo (R1), Pong Bic Bo (R2), Pong Bang Béic Bo (R3), Bic Trung Bo (BTB), Nam Trung Bo
(NTB), Tay Nguyén (TN) va Nam B¢ (NB).

Hinh 1 trinh bay céc viing khi hau trén lanh tho Viét Nam (bao gom ca quan dao Hoang
Sa va Truong Sa) va mang ludi tram quan trac. Cac két qua phén tich trong nghién cau chu
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yéu tap trung vao khu vuc dét lién, nén trong cac hinh vé& sau day s& khdng hién thi Quan dao
Hoang Sa va Truong Sa.

2.2. 86 liéu

a. S6 liéu quan trdc

Nghién cau str dung dir liéu nhiét do ngay cuc dai quan trac tai cac tram quan tric trén
lanh tho Viét Nam dé xac dinh sé ngay nang nong (SNN). Dt li¢u duoc thu thap tir Trung
tam Dy bao Khi twong Thuy vin quoc gia, Viét Nam. C6 khoang gan 200 tram quan trac trén
toan 14nh thé Viét Nam. Tuy nhién, nhiéu tram vi tri tai khu vuc ndi cao noi hau nhu khéng
cd SNN. Vi vay, nghién ctru chi thuc hién phén tich, tinh toan véi 77 tram quan tric trong
thoi ky 1981-2020 (40 nim).

b. Cdc chi s6 khi hdu

S6 liéu cac chi sb ENSO di duoc tinh todn va cung cip tai website caa Trung tdm qubc
gia dyu bao moi truong Hoa Ky (NCEP) nhu mé ta trong Bang 1. Cac chi s6 lién quan dén
ENSO duoc sir dung lam diéu kién diu vao (nhan t6 du béo) dé xay dung md hinh hdi qui
thong ke.

Bang 1. CAc chi s6 khi hau ding 1am nhan t6 du bao.

TT Ky h 'E“ Théng tin chi sb
chi s0

1 Nifiolsn Chi s6 SST ving Nifio 1+2 (0-10S, 90W-80W)
https://www.psl.noaa.gov/data/correlation/NINO1.data

2 Nifio3 SST vung nhiét d6i Pong Thai Binh Duong (5N-5S, 150W-90W)
https://www.psl.noaa.gov/data/correlation/NINO3.data

3 Nifioz4 Chi s6 SST ving Nifio 3.4 (5N-5S, 170E-120W)

' https://www.psl.noaa.gov/data/correlation/NINO34.data

4 Nifiod Chi s6 SST ving Nifio 4 (5N-5S, 160E-150W)
https://www.psl.noaa.gov/data/correlation/NINO4.data
Chi s6 ENSO da bién

5 MEIV2 https://psl.noaa.gov/data/correlation/meiv2.data
Chi s6 ENSO ket hgp

6 CENSO https://psl.noaa.gov/data/correlation/censo.data

7 ONI Chi s6 Nifio Pai Duong . .
https://www.psl.noaa.gov/data/correlation/oni.data

8 SOl Chi s6 dao dong Nam

https://www.psl.noaa.gov/data/correlation/soi.data

2.3. Pinh nghia ngay ndang nong

C6 nhiéu cach dinh nghia vé ngay nang nong (SNN), mot sé nghién ctru trude day da st
dung ngudng phan vi 90th hodc 97,5th cta gia tri nhiét d6 cuc dai dé xac dinh [15 19]. Trong
nghién ctiru nay, SNN dugc dinh nghia dwa trén quy dinh cua TTDBQG. Ngay nang nong
dugc dinh nghia nhu 1a ngay c6 nhiét do cuc dai 16n hon hoac bang 350C. S6 ngay ning néng
trong mot mua, 13 tong s6 nhitng ngdy thoa man diéu kién bén trén.

2.4. Phdn tich thanh phan chinh va mang than kinh nhan tao

Phuong phép phan tich thanh phan chinh dugc st dung dé tdi gian thong tin truong ban
dau. Trong phuong trinh (1), truong ban dau F(x,t) — 1a cac bo chi sé dao dong khi hau lién
quan dén ENSO nhu mé ta trong bang 1. Trong dé, x — 1a chiéu khong gian dai dién cho 8
chi s6, mbi chi s6 duoc lay tré 6 thang, va t — 1a chiéu thoi gian theo nam. Nhu vay, kich ¢&
dir lidu ciia cac chi sb dao dong khi hau 1a 1920 = 8 (chi s6) x 6 (thang tré) x 40 (ndm).

F(x, t) = EOF1xPC1 + EOF2xPC2 + ... + EOFnxPCn 1)


https://www.esrl.noaa.gov/psd/data/correlation/nina1.data
https://www.esrl.noaa.gov/psd/data/correlation/nina34.data
https://www.psl.noaa.gov/data/correlation/nina1.data
https://www.esrl.noaa.gov/psd/data/correlation/nina3.data
https://www.psl.noaa.gov/data/correlation/nina3.data
https://www.esrl.noaa.gov/psd/data/correlation/nina4.data
https://www.esrl.noaa.gov/psd/data/correlation/nina34.data
https://www.psl.noaa.gov/data/correlation/nina34.data
https://www.esrl.noaa.gov/psd/data/correlation/nina4.data
https://www.esrl.noaa.gov/psd/data/correlation/nina34.data
https://www.psl.noaa.gov/data/correlation/nina4.data
https://psl.noaa.gov/data/correlation/meiv2.data
https://psl.noaa.gov/data/correlation/censo.data
https://www.esrl.noaa.gov/psd/data/correlation/oni.data
https://www.psl.noaa.gov/data/correlation/oni.data
https://www.esrl.noaa.gov/psd/data/correlation/soi.data
https://www.psl.noaa.gov/data/correlation/soi.data
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Mang than kinh nhan tao (Artificial Neural Network — ANN) da duge tmg dung trong
nhiéu linh vuc khac nhau. ANN hoat dong duya trén co ché mé phong giéng nhu hoat dong
ctia ndo bo. CAu triic mang bao gdm 1 16p dau vao, 1 16p dau ra, & gitra cO thé c6 1 16p hoac
nhiéu 16p an. Giira cac 16p va cac neuron dugc lién két voi nhau bang ham truyén phi tuyén.
Mang ANN cho phép giai dugc cac bai toan co céu trac dir lidu phtrc tap hon so véi cc thuat
gidi tuyen tinh truyén thong.

Céu tric mang ANN trong nghién ctru nay gém 1 16p dau vao, 3 16p 4n, va 16p dau ra.
Céc hé s6 PC (6 PC) duoc cap nhat vao lop déu vao sau khi sir dung phan tich thanh phan
chinh (EOF) phén tich 8 chi s6 khi héu. Cac 16p 4 an (3 16p) gom 6 nodes, 3 nodes va 6 nodes
trong ng voi moi 16p. Viée lya chon 3 16p an vao so6 nodes tuan ty 13 6, 3, 6 thong qua qua
trinh thyc nghiém (qua trinh hoc cau tric).

8 chi s0 khi hau, moi
chi s6 I3y 6 thang tré 6 PCs

A e S Lép daura
lién tiép tinh tlr thoi (Iop dau vao)
diém lam du bao

Hinh 3. C4u tric mang ANN.

2.5. Danh gia du bdo

Phuong phép danh gia du bao dua trén mot sé dic trung thong ké. Hé sb twong quan
(Pearson correlation) dé danh gia xu hudéng dao dong cta 2 chudi dir liéu: trong quan duong
— 2 chudi dit liéu dao dong dong pha, tuong quan am — 2 chudi dir liéu dao dong nguoc pha.
Do chinh xac (Accuracy, %), néu quan trac & pha trén chuan (dudi chuan), va du bio & pha
trén chudn (dudi chuan) thi duoc tinh 1 du bao ding va nguoc lai. P chinh xéac, duoc Gng
dung cho du bao 2 pha va 3 pha. Dy béo dugc goi 1a c6 ki nang khi d¢ chinh xac tbi thiéu
vuot qua dy bao ngau nhién.

3. Két qua

3.1. Phdn bé ciia SNN trén lanh thé Viét Nam

Hinh 4 chi ra SNN dugc ldy trung binh khi hau theo thdng va nim trén toan lanh tho Viét
Nam. Két qua cho thdy, SNN trung binh nim cao nhit tai khu virc R4 va Rs. SNN bit dau
xudt hién sdm nhat & cac tinh phia nam nhu Tay Nguyén (Re) va Nam Bo (R7) trong thang
3, tiép theo sau 1a cac tinh phia bac (R1) va mién Trung (R4, Rs) trong thang 4, va cac tinh
Dong Béc (R1) va Dong Bang Bic Bo (Rs) trong thang 5. SNN hau hét xuét hién tir thang 3
dén thang 5 tai khu vic Re VA Ry, trong thang 5 dén thang 9 tai khu vuc Rz dén Rs, va thang
4 dén thang 9 tai khu vuc Ry Xuat hién ctia SNN tai khu vuc Rg va R7 lién quan dén thoi ky
mua kho va birc xa truc tlep clia mit troi gy ra nhiét do cao va d6 am thap, trong khi trong
nhirng khu vire con lai, nang nong duoc qui cho hiéu ing Phon. Sy xudt hién sém cua ning
néng trong ving R1 c¢6 thé do anh hudng ctia ap thap Nam A.
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Hinh 4. Gia trj khi hau cia SNN theo nim (a) va thang (b—h, thang 3 dén thang 9).

3.2. Két qua danh gid di bdo mia thang 4-5-6

Trong nghién ctru nay, ching toi chi thyc hién du bao thir nghiém vo1 mua thang 4 den
thang 6 ddi voi SNN. Nhu d4 phén tich & trén, day 14 thoi diém trong nam ma nang néng xuat
hién trén toan lanh tho Viét Nam. Khu vuc Tay Nguyén, Nam B9, nang nong xuét hién trong
giai doan tir thang 3 dén thang 5. Trong khi cac tinh Bac Bo va Trung B9, ning nong gia ting
va m& rong trong thang 5 va thang 6. Dé danh gia k¥ ning du bao ciia mo hinh thdng ké,
chung t6i sir dung hé s6 twong quan, do chinh xac 2 pha va 3 pha nhu di trinh bay ¢ muc 2.5.

Hinh 5 trinh bay két qua déanh gia du bao trén dir liéu phu thudc giai doan 1981-2015.
Két qua cho thay, hé s twong quan pho bién nhan gia tri duong trong khoang 0,4-0,6 ¢ khu
vuc cac tinh Bic Bo va Trung Bo (dén Hue) trong khi phan cac tinh Nam Trung B9, Tay
Nguyén va Nam B9 tin hi€u twong quan yéu hon. Tuong quan duong cao tuong duong véi
kha nang dy bao dugc xu thé tang/giam ciia md hinh thong ké. P9 chinh xac dy bao 3 pha co
xu huéng twong ty nhu hé sé twong quan, chit yéu chi manh ¢ phan Bic va Trung Bo. Trong
khi d6, du bao 2 pha c6 xu hudng phan bb déu hon trén toan lanh thd Viét Nam. Cha y rang,
v6i danh gia du bao pha (2, 3 pha), chi cc tram c6 chit lugng du bao vuot qua du bao ngau
nhién (trén 50% v6i 2 pha, va trén 30% véi 3 pha) duoc hién thi. Nhu vay, voi du bao 3 pha
trén chudi sb liéu phu thudc, khu vuc Nam Trung B, Tay Nguyén va Nam B khong c6 ki
ning du bao (du bao thip hon du bao ngau nhién). Hinh 6 trinh bay d6 chinh x4c du béo 2
pha va 3 pha, nhung trén s liéu doc 1ap (2016-2020). Nhin chung, xu thé ciing trong tu nhu
xu thé du bao trén s6 liéu phy thudc. K§ nang dy bao vuot qua du bao ngau nhién trong ca 2
pha va 3 pha trén hau hét cac bd phén phia bic dat nudc (Bac B, Bic Trung B9), trong khi
b phén cac tinh phia nam cho thay du béo it k¥ nang hon. Két qua cho thay nhiing tiém ning
du bao nhét dinh d6i véi SNN khu vue céc tinh Bic va Trung Bo.
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Hinh 6. B chinh xac du bo 2 pha (%, trai), va @6 chinh xac du bdo 3 pha (%, phai) tinh toan
trén sb lidu doc lap giai doan 2016-2020. Chi nhirng gia tri vuot qua du bao ngau nhién dugc hién

thi.

4. Két luan
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Bai béo trinh bay két qua phan tich phan bd cua hién tuong nang nong, dugc déc trung
bdi SNN trong nam trén pham vi toan lanh thd Viét Nam. Két qua chi ra rang, SNN gia ting
manh & khu vyc Tay Nguyén, Nam B trong thoi ky khoang thang 3 dén thang 5; & cac tinh
Bic Bo va Trung Bo trong thoi ky tir khoang thang 4 dén thang 8. SNN xuat hién nhiéu nhat
& khu vuc cac tinh mién Trung, dic biét & Bic va Trung Trung Bo. Bén canh d6, nghién ctru
cling trinh bay mot s6 két qua dy bao thir nghiém SNN trong mua thang 4 dén thang 6 tai cac
khu vuc trén pham vi lanh thé Viét Nam. Nghién ctru dd tmg dung phuong phap st dung
mang than kinh nhén tao véi cac nhan té du bao 1a cac chi s6 dao dong khi hau qui mé 16n
c6 lién quan dén hién twong ENSO. Két qua cho thiy, du bao ¢ k¥ ning cho cac khu vuc
thudc phﬁn céc tinh Bic Bd va Bic Trung B9, trong khi céc tinh thudc phén phia nam nhu
Tay Nguyén, Nam Bo, Nam Trung B cho k¥ ning yéu.

bong gop cua tac gia: Xay dung y tuong nghién ctru: T.H.C., HP.L.; Xt 1y sd liéu: T.B.K.;
Viét ban thao bai bao: T.H.C.; V.V.T.; Chinh stra bai bao: T.B.K.; H.P.L.
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Loi cam on: Bai b4o hoan thanh nhd vao két qua ciia nhiém vu “Nghién ctru tng dung cac

chi s6 dao dong khi hau quy md 16n vao du bao khi hau cho Viét Nam”, mi sé:
TNMT.2021.02.05.

Loi cam doan: Tap thé tac gia cam doan bai bao ndy 13 cong trinh nghién ctru cta tap thé
tac gia, chua dugc cong bo ¢ dau, khong dugc sao chép tir nhitng nghién ciu trude day;
khong ¢6 su tranh chap loi ich trong nhom tac gia.
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Predictability of hot day number over Vietnam by the artificial
neural network
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Abstract: The analysis with data on hot day numbers (HDN) performed over Vietnam show
that, HDN occur in the Central Highlands and the South during March to May; in the
Northern and Central provinces from about April to August. HDN occur in most of the
central regions, especially in the North and the Central region. In addition, the study
examines the predictability of HDN during April to June using an artificial neural network
with predictors of ENSO-related climate indices. The results show that, the forecast is
skillful for the regions of the North and North Central provinces, while the southern
provinces such as the Central Highlands, the South, and the South Central region show poor
skills.

Keywords: Neural network; ENSO; Hot days.
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