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Bai bdo khoa hoc

Biéu hién hoat dong dit gay khu vuc Kon Plong, tinh Kon Tum
va lan can

Nguyén Loi Loc!23*, Nguyén Thanh Sang3, Nguyén Thi Thu Thiy?

1 Khoa Dia chit, Truong Pai hoc Khoa hoc Ty nhién, TP. Hb Chi Minh, Viét Nam;
lynogec@gmail.com

2 Pai hoc Qudc Gia TP. Ho Chi Minh, Viét Nam; lynogec@gmail.com

3Lién doan Ban dd Dia chat mién Nam; lynogec@gmail.com; sang1216222@gmail.com:;
thuykt0312@gmail.com

*Tac gid lién hé: lynogec@gmail.com; Tel.: +84-829029088

Ban bién tap nhan bai: 05/11/2024; Ngay phan bién xong: 04/12/2024; Ngay dang bai:
25/5/2025

Tém tat: Cac dit gy khu vuc Kon Plong, tinh Kon Tum va 1an can déu biéu hién hoat
dong trong giai doan hién dai. Bang viéc tong hop 10 tiéu chi danh gia nhan dang va danh
gia muc do hoat dong cua cac dut gy khu vuc nghién ctru cho két qua: (1) Put giy biéu
hién hoat dong rat rd gom dut giy Dak Rinh va dut giy Song Dak Koi; (2) Cac dut gay hoat
dong rd gdm dit gay Tra Xinh - Di Lang, dut giy T-Meo va dat giy Dak Nghé; (3) Cac dut
gdy co6 biéu hién hoat dong gdm dut giy Song Re, dut giy Ba To - Kon Tum, dut giy Dik
Pne - Kon Ka Rinh, dut giy Song Giang, dirt gdy Pak Rim - Mang Canh - Son Thuong,
dut gay S. Ha Vinh - S. Ca bu va gt gdy Son Cao - Nghia Hoa, dut gay Ba To - Cluing Son.
Doc theo do1 dut gay biéu hién hoat dong nay ghi nhén cac tai bién nhu sat, trugt 10, nut dat
va dong dat. Chudi sinh chan gan day phan b chi yéu lién quan dén cac hé thong dut giy
¢6 biéu hién hoat dong rét rd va biéu hién hoat dong ro. Tén suit va cuong do dong dat tang
cao tai noi giao cit ctia cac hé thong dut giy c6 biéu hién hoat dong nhur tai vi tri cac hd
thiry dién Kon Tum thuong va Prik Pring.

Tir khéa: Thuong Kon Tum; Prak Pring; Dong dat; Put gy hoat dong; Kon Plong.

1. Giéi thiéu

Khu vie Kon Plong, tinh Kon Tum thudc ndm hoan toan trong d6i Kon Tum, phan 16n
dién tich thudc phan phu déi Ngoc Linh, mot phén nho dién tich ¢ phia Bong Nam thudc phu
d6i Thu Bon. Béi Kon Tum 1a kh01 nho da két tinh Tién Cambri, phan phia Bic, phia Tay va
phia Nam ctia d6i déu con bao ton it nhiéu 16p phu c6 kién tric uén nép chom vay hozc ph01
kham vd61 méng da két tinh cua to hop thach - kién tao thém luc dia thu dong tudi tir
Neoproterozoi mudn dén Paleozoi sém. Ngoai ra, & ria phia Nam con 1a truong phan bd cac
triing dja hao nui lra Trias gitta [1-8]. Nghién ctru [9] cho thdy du bao phat sinh dong dét
cuc dai khu vuc khong qua 5,5 d6 Ritcher. Nghién ctru [10] du bao dong dat cuc dai béng
phuong phap hop 1y cuc dai cho thay khu vuec ton tai hai vung ngudn phat sinh dong dat 1a
ving ngudn Tra Bong va ving ngudn Ba To - Cung Son c¢6 cap phat sinh dong dat lan luot
Ia Mmax 6,2 + 0,54 30 Richter va 5,8 + 0,54 d0 Richter.

Khu vyc Kon Plong, tinh Kon Tum hién c6 02 du &n thiy dién Pak Dring va Thugng
Kon Tum bt dau van hanh 1an luot tir ndm 2013 va 2021. Sau gan hai thang van hanh, thuy
dién Thuong Kon Tum bét dau ghi nhan xuét hién dong dat véi cuong d6 2,5 do Richter dén
4.0 d6 Richter, c6 tran d6 16m 1én dén 5,1 dd Ritcher (ngay 28/07/2024 - nguén USGS). Tinh
dén thang 08/2024 téng s6 tran dong dat quan sat dugc da vuot hon 600 tran. Hoat dong dong
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dat gia ting voi tan suat va cudong do di gdy thiét hai vé tai san va khién ngudi dan trén dia
ban hoang mang, lo ling va su lung ting tng phé cua chinh quyén dia phuong.

Su mat cin bang (mg suét, du chi 6 murc rat nho (khoang 1% so v&i cuong do img sudt
xung quanh [11, 12]) hodc véi tbc do bién dang cuc thap (khodng 0,1 nano bién dang [13]),
van c6 thé kich hoat lai hoat dong cua durt géy, dan dén cac tai bién dia chat. Hién turong nay
dac biét dang chu y ddi véi cac dut gay co d4u hiéu hoat dong trong giai doan hién tai. Do
d6, can nghién ctru k¥ tac dong cua su thay dbi truong tmg suit di voi dong luc hoc cua dut
gdy, dong thoi danh gia tiém ning kich thich trude khi tién hanh cac hoat dong gay tac dong.

Bai bao sir dung t6 hop céc tiéu chi danh gia dé xu ly s6 liéu dong hoc dut giy va danh
gia biéu hién hoat dong cuia dit giy theo tai liéu vién tham, dia mao - tan kién tao, va dia
chin nham chi ra mtc do biéu hién hoat dong cua cac dut gy khu vuc Kon Plong tinh Kon
Tum va quan hé ctia chiing voi chudi sinh chin gan day cia khu vuec.

a) Vi tri kién tao

Vao cudi Kainozoi, viing nghién ctru thudc khu vyc trung tim cua ria Pong Nam mang
thach quyén Au - A. Khu vuc nay tiép xac véi mang Thai Binh Duong ¢ phia Pong qua déi
hat chim Guinie - Philippin, trong khi phia Tay va Nam duogc bao quanh béi mang An - Uc,
thong qua cac d6i hiit chim Mién Dién - Nicobar - Sumatra va vi mang Timor. Phia dong
Nam Chéau A néi chung va khu vuc nghién ciru néi riéng chiém vi tri trung tim noi mang
Poéng nam Chau A voi hoat tinh co ban cta cac dit giy 1a co ché trugt bang, it hon 1a nén
¢p, cang gian cuc bo trong Kainozoi mudn. Khu vuc nghién ctru nam phia Dong cta khoi
Shan - Indosinia dugc ngdn cach vé phia Pong - Pong Bic véi kién tric néi mang vo dai
dLrO'ng Kainozoi s6m Bién bong va vi mang Nam Trung Hoa - Bic Viét Nam boi dit gay
cap II thach quyén (cip I Viét Nam) Song Hong [14], phia tdy nam 1a dut gay Three Pagoda
(Ba Thép), phia Tay - Tay Bic 1a d6i hit chim Myanmar, phia dong 1a d6i hat chim doc theo
hém vyc Malina ctia v dai duong Bién Pong xudng dudi vo luc dia chuyén tiép Philippin
(Hinh 1).

Hau qua tuong tac dong thoi gitta cac mang hodc vi mang hién dai ndi trén da lam Shan
- Indosinia bi dich chuyén vé phia Tay Bac (Hinh 1). Duéi tic dong ctia ché do dia dong nay
da va dang chi phdi dong hoc truot bang - gidn doc theo cac dit gdy 1a cha yéu. Cac dit giy
trong khu vuc nghién cuu 1a cac dut gdy dang long chim hoac sinh kém cua cac dat gay
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Hinh 1. Vi tri khu vuc nghién ctru trong binh dd kién tao khu vuc.
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chuyén dong néi mang cip I Viét Nam [9] nhu dut giy Song Hong truot bang phai, dut giy
Ba Thap truot béng trai c6 biéu hién hoat dong ¢ cac muc do khac nhau trong hién tai (ché
dd nang khdi tang & doi Kon Tum, Pa Lat kém phun trao bazan Kainozoi mudn, dong dat,
truot 16,...) do anh huéng cua cac qua trinh dung do An D6 - Chau A va cac chuyén dong
hién dai doc theo céac ranh giéi mang bao quanh Péng Nam Chau A.
b) Pac trung dia chét

CAu tric khu vuc Kon Plong, tinh Kon Tum va lan can c6 thé chia 1am 03 tang céu trac
chinh [15-21]: (1) Tang cau trac mong udn nép két tinh tudi Akei- Neoproterozoi khdng phan
chia gobm chu yéu cac da bién chét tir tuéng phlen luc dén granulit, da ph1en két tinh, gneis 1a
chinh; (2) Tang ciu tric hoat hoa magma - klen tao Paleozoi - Mesozoi gobm chu yéu cac da
granitoid tudi Cambri dén Creta muon va tram tich - phun trao tudi Mesozoi som - giira; (3)
Téng céu tric 16p pha Kainozoi gdm chu yéu céc da bazan tudi Miocen mudn dén Holocen
va tram tich Miocen gitra (h¢ tang Di Linh) dén Holocen. B¢ day 16p phu khong qua 110 m,
bé day trim tich B¢ tir khong qua 10 m. Tang ciu trac ndy c6 the chia ra 03 phy ting cau
tric: (1) Phu tang cAu trac tram tich - phun trao bazan tholeit tudi Miocen gitra - mudn; (2)
Phy tang ciu trac phun trao bazan tholeit- tram tich tudi Pliocen - Pleistocen giita va (3) Phu
tang cdu tric tram tich Pleistocen mudn - Holocen.

2. S6 liéu sir dung va phwong phap nghién ciru
2.1. 86 liéu sir dung

Céc dir liéu trong bai bdo bao gom: 95 diém khao sat cau tric, kién tao (PKS) véi hon
202 mit truot vét xude (MTVX) do dac; 1210 trinh dia chat voi 106 diém khao sat dac diém
khao sat dia chat; 23 diém khao sat tai bién dia chit gdm sat truot 16, nit dat, dong dat; Danh
muc trin dong dat tinh dén thang 08/2024 véi 08 tran dong dat tinh toan dugc co cau
chan tiéu.
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Hinh 2. So dd kién tao va mirc d6 hoat dong dut gay khu vuc Kon Plong, tinh Kon Tum va lan cén.
2.2. Phwong phdp danh gid va nhdn dang ddu hiéu hoat dong ciia dirt gdy

Cac cong trinh cua [22] dé cap dén van dé nay, nghién ctru [?] da dua ra 10 déu hiéu phd
bién sau dé nhan dang dut gay dang hoat dong bao gom:

1. Céc dt gdy thé hién rd trén dia hinh hién dai (DH1): Rat rd (++), RS (+), ¢6 biéu hién
);
2. Thé hién r0 trén anh v¢ tinh (DH2): Rét 1, lién tuc (++); RO (+), khong lién tuc va

mo (-); Chua 1o (?).
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3. Bién ddi dia hinh, dia mao (DH3): Rét 5 (++), RS (+) Khong 16 (- );

4. Bién dang tré (DH4): Kiém soat va lam bién dang céc triing Kainozoi (+), khong kiém
soat (-);

5. Hoat dong nui ltra B¢ tr va hién dai (DHS): Hoat dong manh (++++), Vira (+++) va
c6 hoat dong (++), Neogen (+), Khong hoat dong (-);

6. Ngudn nudc néng hodc nude khoang, dia nhiét (DH6): Manh, tap trung (++), Roi rac
(+), khéng co (-),

7. Tai bién dia chat: truot, sat 10 tu nhién, nit dat (DH7): Manh, tap trung: (++), Roi rac
(+), khéng co (-);

8. Dau hiéu dj thuong thoat khi radon, thuy ngan (DHS): di thuong bic 3-manh (+++),
béc 2-vira (++), bac 1- yéu (+).

9. Chuyén dong hién dai (tréc dia, do lap thuy chuén, GPS, do bién dang, bién dang Tén
kién tao - hién dai twong d6i (DH9) duoc ky hiéu: Manh - téc d6 chuyén dong hién dai 16n
hon Smm/nam (+++), vira 2-5 mm/nam (++), yéu hodc khong rd nhé hon 2 mm/nim (+).

10. Chéan tiéu dong ddy (DH10): Manh (Ms > 7,0) ky hiéu (+++++), Cao (Ms = 6,0-6,9)
ky hi¢u (++++), trung binh (Ms = 5,0-5,9) ky hiéu (+++), thip (Ms = 4,0-4,9) ky hiéu (++),
Yéu (Ms = 2,5-4,0 ky hiéu (+) va rat yéu (nho hon 2,5) ¢6 ky hiéu (- )

DUt gay hoat dong rat 1d biéu hién hoat dong phai thoa mén dau hi¢u 10 (DH10), diu
hi¢u 9 (DH9); Dut gay hoat dong ro can théa man cac ddu hiéu tir DH1 dén DHS; Pt giy
c6 biéu hién hoat dong can thoa méan cac dau hi¢u tir DH1 dén DH6; Dut giy chua rd muc
do hoat dong nghia 1a chua rd céc d4u hiéu ndi trén.

Bang 1. Phuong phap danh gia va nhan dang dau hiéu hoat dong cua dut giy.

STT Déu hi¢u Ky Gi4 tri danh gia
nhin dang hi¢u Miic 4 Miic 3 Mikc 2 Mikc 1 -
Thé hién trén )
1 dia hinh hién DH1 Rat rod RO Cé biéu hién
) dai
o Thehiéntén — pp Rét 15, lién tuc RG Khong lién tuc
aph vé tlnh va mo
Dé}u hiéu bién ) i
3 d6i dia hinh, DH3 Rat rd RG Co biéu hién
dia mao i
Kiém soat va
Déu hiéu vé lam bién 2
4 -4 o DH4 dang cac Khong kiém soat
bién dang tré ~ .
triing Kaino-
Zoi
Hor?l;iﬁng Hoat dong Co hoat don
Hoat dong ntii T vira trong at dong Hoat dong Khéng ghi nhan
5 PR . DH5 trong giai .. trong giai doan o
Itra va hién dai " giai doan < . trong Neogen hoat dong
doan hién n . hién dai
. hién dai
. dai
Ngudn nudc
noéng hoac Hoat dong . A .
6 nuée khodng, DH6 manh, tap trung Roi rac Khéng co
dia nhiét
Céc hién tuong R
7 tuotsatloty  DH7 ma‘;ﬁaté‘i‘-’l‘rﬁn RO rac Khéng ¢t
nhi,én, nut dat ank, tap &
Dau hiéu di Di thuon
thuong thoat - & Di thuong bac Di thuong
8 p , DH8 bac 3 - . A £
khi radon, thuy manh 2-vua bac 1 - yéu

ngan
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STT Déu hiéu Ky Gia tri danh gia
nhin dang hi¢u Miic 4 Miic 3 Mikc 2 Mikrc 1 -
Chuyén dong
hi¢n dai tric Manh- the s 7 Téc do
dia, do lap thuy o chuyén Toc d9 chuyén  chuyén dong
chuan, GPS, do -

9 uan, ,d DH9 dong hién dong hién dai hién dai yéu

bieén dang, bién L vira, 2- hodc khong
Y dai 16n hon - 1,
dang tan kién Sm/ndm Smm/nam rd nho hon
tao - hién cjai 2mm/nam
tuong do
A LA trung binh £
Biéu hién cua _ ) ) Yéu (Ms= A A \
10 hoat dong dong  DH10 Cao (Ms= (Ms=5,0 thip (Ms= 4,0 25 4,0 ky Rat yéu (nhd hon
R 6,0-6,9) 5,9) ky hiéu 4,9) A 2,5)
dat (+4+) hiéu (+)

3. Két qua nghién ciru

3.1. Dac trung photolinement

+ Ddi di thuong photolineament
Dik Ba (P1): phuong Tay Bic - Dong
Nam, kéo dai khoang 60 km, bé rong
anh hudng 16n nhat khoang 18km. Mat
dd do dai photolineament cao nhét dat
3,6 km/km?, gan tring v&i phuong cila
dut gay T-Meo.

+ Doi di thuong photolineament
song Pik Bla (P2): Gom cac
photolineament chinh phuong Béc Tay
Bic - Nam Dong Nam, kéo dai khoang
65km, rong khoang 3-5 km, doi
photolineament c6 phuong trung voi
phuong d6i anh huong dong luc cua
dat gay Truong Son. Mat d6 dat 2,8
km/km?,

+ Ddi di thuong photolineament ~— <1ipAx ,

Pk D’Ring (P3): Phuong kinh tuyén, — e Bl oo

kéo dai khoang 35 km, bé rong khoang )

2 km. Mat do dat 2.6 km/km2. Péi sanh  Hinh 3. K&t qud phan tich cac déi di thuong photolinement
. RSV i, , tai khu vue Kon Plong, tinh Kon Tum va lan cén.

c6 phuong gan trung vo1 phuong cua

dat gay bak B’Ring.

+Péi di thuong photolineament S6ng Giang (P4): kéo dai theo phuong chinh vi tuyén -
& Vi tuyén, khoang 50 km, bé rong d6i anh huong khoang 4 km. Mat d6 dat 2,6 km/km?. Béi
sanh trung v&i phuong cua dat gdy Song Giang.

+ Dai di thuong photolineament Ba To - Gia Vyc (P5): phuong Dong Bic - Tay Nam,
kéo dai 60 km, Bé rong khoang 8-13 km. Mat d dat 3 km/km?. Béi sanh thay d6i c6 phuong
gan tring v4i phuong ciia dut giy Ba To - Gia Vuc.

+Déi di thuong photolineament Mang Canh - Son Thuong (P6): Phuong Bic Pong bic
- Nam Tay nam, kéo dai khoang 85 km, bé rong d6i khoang 2-6 km. Mat do dat 2,8 km/km?.
dé6i di thuong trung véi d6i hoat dong dut giy Pak Ram - Mang Canh - Son Thuong.

+ Péi di thuong photolineament Séng Re (P7): Kéo dai phuong kinh tuyén - & kinh
tuyén, khoang 55 km, bé rong tu 2-5 km. Mat do do dai photolineament cao nhét dat 2,4
km/km?. Di sanh d6i tring voi phuong cua dit gdy Song Re.
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+ i di thudng photolineament Thach Nham (P8): Photolineament phwong dong béc -
tay nam, kéo dai khoang 30 km, bé rong déi anh huong khoang 5 km. Mat d6 dat 3,2 km/km?.
Dbi sanh d6i co6 phuong gan tring voi phuong cua dirt giy Thach Nham.

+ Déi di thudng photolineament Ba To - Ky Lan (P9): Phuong Bic Ty Béic- Nam Déng
Nam, khoang 45 km, bé rong khoang 1,5-2 km, déi photolineament c6 phuong tring voi
phuong d6i anh hudng dong luc cua dut gdy Ba To - Cing Son. Mat do do dat 2,6 km/km?.

Két qua khao sat thuc dia cho thiy cac di photolineament néi trén déu c6 ban chat 1a
cac doi dat gy kién tao di chi phdi hudng phat trién dia hinh, séng subi, c6 biéu hién ca nat,
dap vo, nudc khoang va nudc nong, di thuong trong luc, di thuong khi (Rn, Th) ...[1, 4] &
cac muc d6 khac nhau (Hinh 4 va Hinh 5).

Bang 2. Bac trung hinh thai va dong hoc cac dut gay chinh trong khu vuc nghién cuu.

STT Tén dirt gy Phwong Cip HD/GD  D0ddi  BR,dosauAH DC trong

(km) (km) N2-Q
but gay ce‘ip 1
F.I.1 Tra Xinh - Di Lang TB-DN 1 BB/70°-75° >45 7-10, XV Bp -Th
F.I.2 SongRe AKT 1 D/70°-80° >32 4, XV Bt-Th
F.I.3 BaTo - Kon Tum PB-TN 1  BN/60°- >35 8-13, XV B?-Th
87°
F.1.4 Dik Pne - Kon Ka Rinh PB-TN 1  DN/40°- >20 25, XV B?Th
80°
but gay ce‘ip 2
F.Il.1 Séng Giang AVT 2 B/40-50° >66 4,V ?
FIL.2 T-Meo TB-DN 2 TN/70-80°  >50 6-10, V Bp-Th
F.1.3 TraVan - Tra Nam PB-TN 2  TB/70-75°  >49 22,V Bt-Th
F.Il.4 Dik Ram - Mang Canh - Son PB-TN 2 DN/45-71° >60 12,V Bt-Th
Thuong
F.IL5 S.HaVinh-S.Cabu AVT 2 N 60° >60 ? ?
F.11.6 Son Cao - Nghia Hoa PB-TN 2 DN/70-85°  >41 , XV Bt-Th
F.11.7 Nudc Pang. PB-TN 2  TB/60-75°  ~26 , XV Bt—Th
Dut giy cép 3
F.I1.1 Dik Nghé BTB- 3  DPDB/70-80°  >47 35V Bt—Th
NDN
F.IIl.2 Bik Rinh AKT 3 D/85-89° >47 2,V Bt—Th
F.I11.3 Ba To - Cung Son AKT 3 b/70-80° >25 6, ? Bt-Ng
F.III.4 Dik Grei TB-BDN 3 DPB/70° >250 20, ? Bp-Th
F.IIL5 DPik Koi - Bik Bla AKT 3 P60O°-70°  ~37 6, ? ?
F.II1.6 Song Pik Koi TB-DN 3 DB/30-50°  >38 2-3,V Bp -Th

Ghi chi: B - Béc, N - Nam, D-DBong, T - Tay; BR- bé rong, AH - anh huéng, N2 - Q (Pliocen - Dé tir), Bt
- Bang trai; ? - Chua o thong tin.

3.2. Két qua phan tich dirt gdy hoat dong

Qua céac danh gia 181 phan doan dat gay twong ung voi 17 dut gay khu vuc (Hinh 4,
Bang 3) cho thiy:

a) Céc dut giy phuong Tay Béc - Dong Nam

Céc phan doan dat giy thudc cac dat giy T - Meo, dut gdy Prik Nghé, dut giy Prik
Bring, dut gy song Pik Koi xung quanh khu vye ho chira thuy dién Thuong Kon Tum va
hd thuy dién Prak Pring co biéu hién hoat dong tur rd dén rat 5. Pac trung hoat dong cua cac
dut gy nay thé hién qua déi tap trung chan tam dong dét kéo dai theo phuong Bic Ty Béc
- Nam DPong Nam, c6 Ms = 2,5-5,0 d§ Richter, cac ghi nhan vé tai bién sat truot 16, nut dat
va di thuong bac 1 cua thoat khi Radon (Hinh 5).

b) Cac dut giy phuong kinh tuyén - 4 kinh tuyén

Céc phan doan thudc dut gay Pik Rinh ké can khu vuc ho chira Thuong Kon Tum va
Prak Prinh c6 biéu hién hoat dong rd rét, dugc nhan biét qua su phan bd chén tim dong dét
va hién tuong nirt dat. Ngoai ra, mot s6 phan doan thudc dut giy song Re va dit giy Ba To
- Cung Son cling thé hién hoat dong voi dAu hiéu nhén biét chinh 1a cac hién tuong nut dat.
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¢) Céc dut giy phuong Pong Béc - Tay Nam.

Da phan 1a cac dut giy khong c6 biéu hién hoat dong hodc hoat dong rat yéu. Mot sd
phan doan dut giy thudc dut giy Dik Ram - Ming Canh - Son Thuong ndm xung quanh khu
vuce ho chira Thuong Kon Tum cé biéu hién hoat dong voi biéu hién nhan dang la cac chin
tam dong dat va cac xuat 16 nudc khoang nudc nong.

d) Cac dut gdy phuong Vi tuyen chu yéu khong rd muc do hoat dong.

Nhin chung, chudi sinh chan gén déy phén bd chu yéu lién quan den cac hé thong dut
gay co biéu hién hoat dong rt rd va biéu hién hoat dong r0; Pac biét, tan suét va cuong do
dong dat ting cao tai noi giao cit cua cac hé thong dit giy ¢ biéu hién hoat dong nhu tai vi
tri cac ho thiy dién Thuong Kon Tum va Brik Pring.

Bang 3. Panh gia dau hiéu hoat dong va mirc do hoat dong cia cac doan dit gdy khu vuc nghién ciru
dua trén bo tiéu chi.

STT Téndutgay DH1 DH2 DH3 DH4 DH5 DH6 DH7 DH8 DH9 DH10 MBD hoat djng
1 bt gdy Tra Xinh - Di Lang

11 F.1.1-1 1 - 1 1 - - - - 1 1 R6

1.2 F.1.1-2 1 - 1 1 - - - - 1 Chua rd
13 F.1.1-3 2 1 1 1 - - - - 1 - Chua rd
1.4 F.1.1-4 2 1 1 1 - - - - 1 Chua rd
15 F.1.1-5 2 1 1 1 - - 1 - 1 1 C6 biéu hién
1.6 F.1.1-6 1 - - - - - - - 1 - Chua rd
1.7 F.1.1-7 2 1 1 1 - - - - 1 - Chua rd
1.8 F.1.1-8 1 - - - - - - - 1 - Chua rd

2 but gdy Song Re
21 F.1.2-1 1 - - - - - - - 1 - Chua rd
2.2 F.1.2-2 1 - - - - - - - 1 - Chua rd
2.3 F.1.2-3 1 - - - - - - 1 - Chua rd
24 F.1.2-4 1 - - - - - 1 - Chua rd
25 F.1.2-5 1 - - - - - - - 1 - Chua rd
2.6 F.1.2-6 1 - 1 - - - - 1 - Chua rd
2.7 F.1.2-7 2 1 1 1 - - - - 1 - Chua rd
2.8 F.1.2-8 2 1 1 1 - - - - 1 - Chua rd
2.9 F.1.2-9 2 2 2 1 - - 1 - 1 1 C6 biéu hién
21 F.1.2-10 2 2 2 1 - - - - 1 - C6 biéu hién
211 F.1.2-11 1 1 1 1 - - 1 - 1 1 C6 biéu hién
2.12 F.1.2-12 1 1 1 - - - - - 1 - Chua rd

3 bt gdy Ba To - Kon Tum
31 F.1.3-1 2 2 1 1 - - 1 - 1 - Chua rd
3.2 F.1.3-2 2 2 1 1 - - 1 - 1 - C6 biéu hién
3.3 F.1.3-3 2 2 1 1 - - - - 1 1 Chua rd
34 F.1.3-4 2 1 1 1 - - - - 1 - Chua rd
35 F.1.3-5 1 - 1 - - - - - 1 - Chua 1o
3.6 F.1.3-6 1 - 1 - - - - - 1 - Chua rd
3.7 F.1.3-7 1 - 1 - - - - - 1 - Chua rd
3.8 F.1.3-8 1 - 1 - - - - - 1 - Chua 1o
3.9 F.1.3-9 - - - - - - 1 - 1 - C6 biéu hién
31 F.1.3-10 1 1 - - - - - - 1 - Chua rd
3.11 F.1.3-11 1 1 - 1 - - - - 1 - Chua rd
3.12 F.1.3-12 1 1 1 1 - - - - 1 - Chua 1o

4 Put giy Dik Pne - Kon Ka Rinh
4.1 F.1.4-1 1 1 1 - - - - - 1 - Chua rd
4.2 F.1.4-2 1 - - - - - 1 - 1 - Chua 1o
4.3 F.1.4-3 1 - - - - - - - 1 - Chua 1o
4.4 F.1.4-4 1 - - - - - 1 1 C6 biéu hién
45 F.1.4-5 1 1 1 1 - - - - 1 1 C6 biéu hién

5 bt gdy song Giang

5.1 F.I1.1-1 2 2 1 1 - 1 - - 1 - Chua rd
5.2 F.11.1-2 2 2 1 1 - - - - 1 - C6 biéu hién
5.3 F.11.1-3 2 2 1 1 - - - - 1 - Chua rd
5.4 F.11.1-4 - - - - - - 1 - Chua rd
55 F.I1.1-5 - - - - - - - - 1 - Chua rd
5.6 F.11.1-6 1 1 - - - - - - 1 - Chua rd
5.7 F.I1.1-7 1 1 1 - - - - - 1 - Chua rd
5.8 F.1.1-8 1 1 - - - - - - 1 - Chua rd
59 F.1.1-9 1 1 1 - - - 1 - 1 - Chua rd
5.1 F.1.1-10 1 1 1 - - - - - 1 - Chua rd
5.11 F.11.1-11 1 1 - - - - - - 1 - Chua rd
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STT Téndutgay DH1 DH2 DH3 DH4 DH5 DH6 DH7 DH8 DH9 DH10 MBD hoatdjng

5.12 F.1.1-12 - - - - - - - - 1 - Chua 13
5.13 F.11.1-13 2 2 1 1 - - - - 1 - Chura 13
5.14 F.I.1-14 - - - - - - - - 1 - Chura 13
5.15 F.1.1-15 - - - - - - - - 1 - Chua 13
5.16 F.1.1-16 - - - - - - - - 1 - Chua 13
5.17 F.I1.1-17 - - - - - - - - 1 - Chura 13
5.18 F.I1.1-18 - - - - - - - - 1 - Chura 13
5.19 F.11.1-19 - - - - - - - - 1 - Chua 13
5.2 F.11.1-20 1 1 - - - - - - 1 - Chua 13
5.21 F.1.1-21 1 1 1 - - - 1 - 1 1 C6 biéu hién

6  Dutgdy T-Meo

6.1 F.1.2-1 2 2 2 1 - - - - 1 - Chua 13
6.2 F.1.2-2 2 2 2 - - - - - 1 - Chura 13
6.3 F.11.2-3 2 2 2 - - - - - 1 - Chura 13
6.4 F.11.2-4 2 2 2 - - - - - 1 - Chua 13
6.5 F.1.2-5 2 2 2 - - - - - 1 1 C6 biéu hién
6.6 F.11.2-6 2 2 2 1 - 1 - - 1 1 R6

6.7 F.1.2-7 1 1 1 - - - - - 1 - C6 biéu hién
6.8 F.11.2-8 1 1 1 - - - - - 1 1 C6 biéu hién
6.9 F.11.2-9 2 2 2 1 - - - - 1 1 R6

6.1 F.1.2-10 1 1 1 - - - - - 1 1 C6 biéu hién
6.11 F.1.2-11 2 2 2 1 - - - - 1 1 R6
6.12 F.11.2-12 1 1 1 - - - - - 1 1 C6 biéu hién
6.13 F.11.2-13 1 1 1 - - - - - 1 1 R6
6.14 F.11.2-14 1 1 1 - - - - - 1 1 R6

7 Pt gdy Tra Van - Tra Nam

71 F.1.3-1 1 1 1 - - - - - 1 - Chua 13
7.2 F.11.3-2 1 1 1 - - - - - 1 - Chua 13
7.3 F.1.3-3 - - - - - - - - 1 1 Chua 13
7.4 F.11.3-4 - ? - - - - - - 1 - Chua 13
75 F.1.3-5 1 1 1 - - - - - 1 - Chua 13
76 F.1.3-6 - - - - - - - - 1 - Chua 13
7.7 F.1.3-7 - - - - - - - - 1 - Chua 13
7.8 F.11.3-8 1 1 1 - - - - - 1 - Chua 13
7.9 F.11.3-9 1 1 1 - - - - - 1 - Chua 13

8  Put giy Pik Ram - Mang Canh - Son Thugng

8.1 F.1.4-1 1 1 1 - - - - - 1 - Chua 13
8.2 F.1.4-2 1 1 1 - - - - - 1 - Chua 13
8.3 F.1.4-3 1 1 1 - - - - - 1 - Chua 13
8.4 F.1.4-4 - ? - - - - - - 1 - Chua 13
85 F.1.4-5 - - - - - 1 - - 1 - C6 biéu hién
8.6 F.11.4-6 1 2 1 - - - - - 1 1 C6 biéu hién
8.7 F.1.4-7 1 1 1 - - - - 1 - C6 biéu hién
8.8 F.11.4-8 - - - - - - - - 1 1 C6 biéu hién
8.9 F.11.4-9 - ? - - - 1 - - 1 - C6 biéu hién
8.1 F.11.4-10 2 2 2 1 - - - - 1 1 C6 biéu hién
8.11 F.1.4-11 2 2 2 1 - - - - 1 - Chua 13
8.12 F.11.4-12 1 1 1 - - - 1 - 1 - Chura 13
8.13 F.11.4-13 - - - - - - - - 1 - Chura 13
8.14 F.11.4-14 1 1 1 - - - - 1 - Chua 13
8.15 F.11.4-15 2 2 2 - - - - - 1 - Chura 13
8.16 F.Il.4-16 1 1 1 - - - - - 1 - Chura 13
8.17 F.11.4-17 1 1 1 - - - - - 1 - Chua 13
8.18 F.11.4-18 1 1 1 - - - - - 1 - Chua 13
8.19 F.11.4-19 1 1 1 - - - - - 1 - Chura 13
8.2 F.11.4-20 1 1 1 - - - - - 1 - Chura 13
8.21 F.1.4-21 - - - - - - - - 1 - Chua 13
8.22 F.11.4-22 - - - - - - - - 1 - Chua 13
8.23 F.11.4-23 1 1 1 - - - - - 1 - Chura 13
8.24 F.11.4-24 1 2 2 - - - - - 1 - Chura 13

9  Putgdy S.Ha Vinh-S.Cabu

9.1 F.1.5-1 1 1 1 - - - - - 1 - Chura 13
9.2 F.11.5-2 2 2 2 - - 1 1 - 1 - C6 biéu hién
9.3 F.11.5-3 1 1 1 - - 2 - - 1 - C6 biéu hién
9.4 F.I1.5-4 2 2 2 1 - 1 - - 1 - C6 biéu hién
95 F.11.5-5 2 2 2 1 - - - - 1 - Chura 13
9.6 F.11.5-6 1 1 1 - - - - - 1 - Chua 13
9.7 F.1.5-7 1 1 1 - - - - - 1 - Chua 13
9.8 F.11.5-8 1 1 1 - - - - 1 - Chura 13
10 bt gdy Son Cao - Nghia Hoa
10.1 F.1.6-1 1 1 1 - - - 1 - 1 1 C6 biéu hién
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STT Téndutgay DH1 DH2 DH3 DH4 DH5 DH6 DH7 DH8 DH9 DH10 MBD hoatdjng

10.2 F.11.6-2 ? - - - - - 1 - Chua rd

103 F.1.6-3 1 1 1 - - - - - 1 - Chura 13
10.4 F.1.6-4 1 1 1 - - - - - 1 - Chura 13
105 F.1.6-5 1 1 1 - - - - - 1 - Chua 13
10.6 F.11.6-6 1 1 1 - - 1 - - 1 - C6 biéu hién
11 but gy Nudc Dang
1.1 F.L.7-1 2 2 2 1 - - - - 1 - Chura 13
11.2 F.1.7-2 1 1 1 - - - - - 1 1 Chua 13
11.3 F.1.7-3 2 2 2 1 - - 1 - 1 - Chua 13
12 Dut giy Dik Nghé
121 F.11.1-1 2 2 2 1 - - - - 1 - Chua 13
12.2 F.11.1-2 1 1 1 - - - - - 1 1 C6 biéu hién
123 F.11.1-3 1 1 1 1 - - - 3 1 2 R6
12.4 F.1.1-4 2 2 2 1 - - - 3 1 1 C6 biéu hién
125 F.11.1-5 2 2 2 1 - - - - 1 1 C6 biéu hién
12.6 F.111.1-6 1 1 1 - - - - - 1 1 C6 biéu hién
127 F.I11.1-7 - - - - - - - - 1 - C6 biéu hién
128 F.111.1-8 1 1 1 - - - - - 1 1 C6 biéu hién
12.9 F.111.1-9 1 1 1 1 - - - - 1 1 C6 biéu hién
13 Put giy Pik Rinh
13.1 F.Il1.2-1 2 2 2 1 - - - - 1 1 Rét 15
13.2 F.11.2-2 2 2 2 1 - - - - 1 1 Rét 15
133 F.11.2-3 1 1 1 - - - - - 1 2 Rét 15
13.4 F.11.2-4 1 1 1 - - - - 1 1 R6
135 F.11.2-5 1 1 1 - - - - - 1 1 R6
13.6 F.111.2-6 - - - - - - - - 1 - C6 biéu hién
13.7 F.11.2-7 2 2 2 1 - - - - 1 - C6 biéu hién
138 F.111.2-8 2 2 2 - - - - - 1 - Chua 13
13.9 F.111.2-9 1 1 1 1 - - - - 1 - Chua 13
13.1 F.11.2-10 1 1 1 - - - - - 1 - Chura 13
1311 F..2-11 1 1 1 - - - - - 1 - Chua 15
1312 F..2-12 2 2 2 1 - - - - 1 - Chua 13
1313 F.11.2-13 2 2 2 1 - - - - 1 - Chura 13
13.14  F.l1.2-14 - - - - - - - 1 - Chura 13
14 but gay Ba To - Cung Son
14.1 F.11.3-1 2 2 2 1 - - - - 1 - Chua 15
14.2 F.11.3-2 2 2 2 1 - - 1 - 1 - C6 biéu hién
143 F.111.3-3 2 2 2 1 - - 1 - 1 - C6 biéu hién
14.4 F.11.3-4 2 2 2 1 - - 1 - 1 - C6 biéu hién
145 F.11.3-5 1 1 1 1 - - - - 1 - Chua 13
14.6 F.111.3-6 1 1 1 - - - - - 1 - Chura 13
147 F.11.3-7 1 1 1 - - - - 1 - Chua 13
148 F.111.3-8 1 1 1 - - - - - 1 - Chua 15
14.9 F.111.3-9 1 1 1 - - - - - 1 - Chura 13
14.1 F.111.3-10 2 2 2 - - - - - 1 - Chura 13
1411 F..3-11 2 2 2 1 - - - - 1 - Chua 15
1412 F.N.3-12 1 1 1 1 - - - - 1 - Chua 15
1413 F.11.3-13 1 1 1 - - - - - 1 - Chura 13
15  Dut giy Bék Grei
15.1 F.11.4-1 1 1 1 - - - - 1 - Chua 15
15.2 F.111.4-2 1 1 1 - - - - - 1 - Chura 13
15.3 F.111.4-3 1 1 1 - - - - - 1 - Chura 13
15.4 F.11.4-4 1 1 1 - - - 1 - 1 - Chua 13
155 F.11.4-5 1 1 1 - - - - - - Chua 13
16  Dut giy ik Koi - Dik Bla
16.1 F.11.5-1 1 1 1 - - - - - 1 - Chura 13
16.2 F.11.5-2 1 1 1 - - - - - 1 - Chua 15
16.3 F.111.5-3 2 2 2 - - - - - 1 - Chua 13
16.4 F.11.5-4 2 2 2 - - - - - 1 - Chura 13
165 F.I1.5-5 1 1 1 - - - - - 1 - Chura 13
17 Dut giy Song Bik Koi
171 F.11.6-1 2 2 2 1 - - - - 1 1 C6 biéu hién
17.2 F.111.6-2 2 2 2 1 - - - 3 1 1 R6
17.3 F.111.6-3 2 2 2 1 - - 2 - 1 2 Rét 15
17.4 F.111.6-4 2 1 2 - - - 2 - 1 2 Rt 15
175 F.111.6-5 1 1 1 - - - - - 1 1 Rét 15
17.6 F.111.6-6 1 1 1 - - - - - 1 1 C6 biéu hién
17.7 F.IV.1-1 2 1 2 1 - - - - 1 - Chua 13
17.8 F.IV.1-2 2 1 1 - - - - - 1 - Chua 13
17.9 F.IV.1-3 2 1 1 - - - - - 1 Chura 13
171 F.IV.1-4 1 - 1 - - - 1 - 1 - Chura 13
1711 F.IV.15 1 - 1 - - - - - 1 - Chua 13
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3.3. Thdo ludn

Ban chit dong dét 1a hién tuong  fFm o o
lién quan dat gay dich truot, tai truot g LF R 3
va giai phong tmg suét tich liy gy ra s i
[25]. Két qua nghién ctru tai khu vuc
Kon Plong, tinh Kon Tum va lan can
cho théy muc d¢ hoat dong cia cac
dut gay dong vai tro quan trong trong
viéc phat sinh dong dat. Cac dut gay
c¢6 biéu hiéu hoat dong 1& dén rat rd
trong giai doan hi¢n tai c6 xu hudng
dé tai trugt va gidi phong ning lugng
nhanh hon, dan dén chudi dong dat
xay ra lién tiép. Quan sat trén cac hé
dut gy chinh trong khu vuc nghién |3
ctru, chudi dong dat thudng tap trung
doc theo cac doan dut gy co biéu v
hién hoat dong rd dén rét o, didu nay bl L | :
tuong déng voi cac nghién ciru trude il - - = T
day & khu vuc c¢6 diéu kién kién tao b
tuong tu nhu khu vuc Song Tranh 2
[24], khu vyc Tay Bac Viét Nam [26].

Cac dut gay c6 mutrc 46 hoat dong
15 dén rét o tai khu vuc nghién ctru
chu yeu thuoc phuong Ty Bic
bong Bic va phuong kinh tuyén, cho
thdy su twong thich cao v&i truong tmg suét kién tao hién tai. Pay 1a cac dat giy tbi uu voi
truong tmg suat kién tao khu vuc véi dic trung 13 truong truot bang dén bang thuan, trong
d6 phuong truc ép nén chinh c6 hudng Bic Tay Béic - Nam Pong Nam [27]. Sy t6i uu hoa
trugt giita phuwong dut giy va phuong ép nén chinh cuc dai ciia trudng Gmg sudt kién tao chi
pho1 khu vuc Kon Plong, tinh Kon Tum cho thiy su phu hop véi cac nghién ciru trude day
vé co ché, xu hudng truot cua dut gay tai cac khu vuc c6 dac diém tuong tu [23, 28]. Viéc
xac dinh rd moi quan hé nay khong chi gitp nhén dién cac khu vuc nguy co cao ma con cung
cép dir liéu dau vao quan trong cho cdc mo hinh dong lyc hoc dut gay, tir 46 nang cao do
chinh xac ciia cac dy bao dong dit trong twong lai.
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Hinh 5. Két qua do dac tuyén Radon theo dut gy Prik Nghé (a) va dut giy song Prak Koi (b).
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Hinh 6. Céc biéu dd thé hién dic trung dong dét tai khu vuc Kon Plong va lan can: (a) D6 thi biéu
thi twong quan tan suat-do I6n cua céc tran dong dat ghi nhan duoc tai khu vyc nghién ciu thoi ky
2021-2024; (b) Do thi biéu thi trong quan tan suat-do sdu cua cac tran dong dat khu vuc nghién ciru;
(c) P4 thi chudi thoi gian xay ra dong dét tai khu vuc nghién ciu; (d) D6 thi biéu thi twong quan tan

suét hoat dong dong dit theo thoi gian khu vyuc nghién ciu.

2022

2023
Time

2024

d -

2025

11
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Du nghién ctru dd cung cp bang ching quan trong vé mbi lién hé giita mirc do hoat
dong dut gay va chudi dong dat khu vuc Kon Plong, Kon Tum, tuy nhién chua xem xét van
dé dong dat kich thich lién quan dén cac hd chura thuy dién khu vyc. Cac chén tiéu khu vuce
dugc ghi nhan trong khoang thoi gian lién tyc, vi tri chan chén tiéu nong thudng chi yéu vao
khoang < 10 km; cuong d6 nhé chiém wu thé (Hinh 6); déu nay khac biét so véi cac tran dong
dat tu nhién do cac dut gay sinh chén tao thanh xay ra & khu vuc phia Bic lanh thd Viét Nam
voi dic diém 1a thuong ¢ d6 sau 16n > 10 km, cudong do 16n, thoi gian dién ra khong lién tuc
[29]. Pay 12 mot trong nhitng bang ching khach quan vé nhan dinh cac tran dong dat c6 mbi
lién hé truc tiép ddi véi cac hoat dong nhan sinh tai khu vuc nghién ctru.

4. Két ludn

Khu vyc Kon Plong tinh Kon Tum c6 murc d9 hoat dong cua cac dut gay nhu sau: (1)
Céc dit gy hoat dong rat 6 gdm dut giy Dak Rinh va dut gay Song Dak Koi; (2) Cac dut
gay hoat dong 16 gom dut giy Tra Xinh - Di Lang, dut gay T - Meo va dut giy Dak Nghé;
(3) Cac dut gy co bicu hién hoat dong gom dit giy Song Re, durt gdy Ba To - Kon Tum, dut
giy Pik Pne - Kon Ka Rinh, dt gdy Song Giang, dit gdy Pik Ram - Mang Canh - Son
Thuong, dirt gy S. Ha Vinh - S. Ca Bu va dat gady Son Cao - Nghia Hoa, dat gay Ba To -
Cung Son; (4) Cac dit gy chua rd hoat dong gom dut gay Tra Van - Tra Nam, dut giy Dik
Grei va dut giy Dik Koi - Dak Bla.

Chudi sinh chén gan day phén bb chu yéu lién quan dén cac h¢ théng dut gdy c6 biéu
hién hoat dong rat 13 va biéu hién hoat dong rd; dic biét, tin suat va cudong d6 dong dit ting
cao tai noi giao cat cia cac hé thong dut gay co biéu hién hoat dong nhu tai vi tri cac ho thuy
dién Thuong Kon Tum va Prik Pring.

DPong gop cia tac gia: Xay dung y tuong nghién coru: N.L.L., N.T.S.; Xu 1y s6 liéu: N.L.L.,
N.T.S., N.T.T.T.; Viét ban thao bai bdo: N.T.T.T., N.L.L.; Chinh stra bai bao: N.T.T.T.

Loi cdm on: Bai bao hoan thanh nho vao két qua cua nhiém vu: “Nghién ctru xay dyng mo
hinh toan - dia chat - tai nguyén nudc du bao, canh bao dong dat kich thich. Ap dung thu
nghiém tai khu vuc Tay Nguyén”, ma s6 TNMT.2023.04.06.

Loi cam doan: Tap thé tac gia cam doan bai bdo nay 1 cong trinh nghién ctru ciia tap thé
tac gid, chua dugc cong bo ¢ dau, khong dugc sao chép tur nhitng nghién clru trude day;
khong c6 sy tranh chap loi ich trong nhoém tac gia.
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Fault activity in Kon Plong area, Kon Tum province and neigh-
boring area

Nguyen Loi Loct2**, Nguyen Thanh Sang?, Nguyen Thi Thu Thuy?®
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Abstract: The faults in Kon Plong area, Kon Tum province and neighboring areas all show
activity in the present period. Based on synthesizing 10 criteria for identifying and estimat-
ing active levels of faults in the study area. Study results show that (1) Evident active faults
including Dak Rinh fault and Song Dak Koi fault; (2) The near evident active faults includ-
ing Tra Xinh - Di Lang fault, T - Meo fault and Dak Nghe fault; (3) The active faults in-
cluding Song Re fault, Ba To - Kon Tum fault, Dak Pne - Kon Ka Rinh fault, Song Giang
fault, Dak Ram - Mang Canh - Son Thuong fault, S. Ha Vinh - S. Ca Du fault and Son Cao
- Nghia Hoa fault, Ba To - Cung Son fault. Along these fault zones where have been rec-
orded geological disasters such as landslides, landslips, cracks and earthquakes. The recent
seismicity-generating cluster mainly related to active and evident active fault systems. The
earthquake frequency and intensity increase in intersection of active fault systems such as
locations of upper Kon Tum and Drak Dring hydropower reservoirs.

Keywords: Upper Kon Tum; Drak Dring; Earthquake; Active fault; Kon Plong.
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Phan tich, danh gia cac nguon gay 6 nhiém chat lwgng nwdc mat
tinh Long An, Pong bing Song Ciru Long
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. Vién Khoa hoc Cong nghé va Quan ly moi truong, Truong Dai hoc Cong nghiép thanh
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Ban Bién tdp nhan bai: 25/10/2024; Ngay phan bién xong: 17/12/2024; Ngay dang bai:
25/5/2024

Tém tit: Nghién ctru hién tai nham phan tich theo khong gian, thoi gian va dinh luong cac
ngudn giy 6 nhiém hé thong nuéc miat & tinh Long An. Tong cong 1.736 mau nudc mit
duoc 1y tai 62 diém quan tric phan bd trén 4 phan ving khong gian, tin suit 4 dot méi nam
vao muia kho va miia mua tir nam 2017 dén nam 2023 va phan tich 15 thong sb 1y héa, sinh
hoc. Toan b6 tap dir liéu dugc phan tich thanh phan chinh (PCA/FA), phan tich phuong sai
hai chiéu, va tinh toan chi s6 chat luong nude (WQD), dong thot ap dung phan tich héi quy
da bién. Két qua PCA/FA da chi ra 05 ngudn 6 nhiém/nhan t6 chinh anh huong dén chat
luong nudc mat gom. xam nhdp man; hoat dong nhan sinh; qué trinh tich tu/lang dong; dong
nude chay tran qua khu néng nghiép; va cac yéu to thoi tiét, thay lyc. Phan tich hoi quy da
bién chi ra ring xdm nhdp man, va hoat 'dong nhan sinh gop phan suy giam dang ké chat
lwong nude & khu vyc. Tinh toan cho thay WQI giam tir vung néi dia ra ven bién, va mua
mua cao hon mua kho. Nghién ctru cung cip co so khoa hoc cho viéc xay dung céac chién
lugc quan 1y chét lugng nudc mat hop 1y va chit ché hon trén dia ban tinh Long An.

Tir khéa: Phan tich thong ké da bién; Ngudn 6 nhiém; Long An; Chat lugng nudc.

1. Mé dau

Nude mat co thé bj 6 nhiém vi nhiéu 1y do xuét phat tir hoat dong ctia con ngudi va cac
yéu t6 tu nhién [1]. Cac hoat dong ciia con ngudi ¢ thé bao gom san xuat cong nghiép va
ndng nghiép, hoat dong dan cu va xa nude thai [2]. Cac yéu t6 tu nhién c6 thé bao gom bién
d6i khi hau (luong mwa, do 4m va thoat hoi nudc) va thién tai (han han, 1 lIut va 16 dat) [2].
bic biét, tai nguyén nudc mat ¢ cac vung ven bién c6 thé bi anh hudng tong hop bdi cac hoat
dong ctia con ngudi va cac yéu to tu nhién [4]. Nudc thai tir cac khu vie ndng nghiép, cong
nghiép va dan cu duoc xac dinh la mét nguén 6 nhiém quan trong 1am suy giam chat luong
nude mit & nhiéu ving khac nhau [5, 6]. Chat lugng nudc mit ciing c6 thé thay dbi theo mua,
diéu nay lién quan dén ché do thuy van dién ra & vung ven bién. Nhirng diéu d6 chi ra réng
chit lugng nudc mit c6 thé thay d01 theo khong gian va thoi gian, diéu nay doi hoi nhidu
nghién ctru hon. Hon nira, cac ngudn 6 nhidm chinh nuwéc mit can dugc phan tich va danh
gia dé phat trién cac chién lugc quan 1y phi hop va xt Iy 6 nhidm hiéu qua [7]. Phuong phap
phan tich théng ké nhu (PCA/FA, ANOVA) d3 duogc sir dung nhiéu trong cac nghién ctru
trén thé gidi vé chit luong nudc mat va xac dinh nguyén nhan gay 6 nhiém [5— ] Nhiing
phat hién nay chi ra rang nhiéu ngudn 6 nhidm c6 the gop phan lam suy thoai chat lugng
nudc mit can dugc phan tich va danh gia dé quan 1y tot hon.

Tai nguyén nudc mit dong vai trd quan trong trong phat trién bén vimng. Viét Nam 1a
qudc gia c6 ngudn tai nguyén nudc mit dodi dao: véi lwong mua trung binh niam khoang
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2.000mm, hon 3.500 con song c¢6 chiéu dai 16n hon 10km, va 16 luu vuc song chinh [14].
Trong d6, lwu vuc song Ctru Long (LVSCL) 1a luu vuc song (LVS) quan trong, chiém t6i
57% tong lugng nudc mit cua Viét Nam [14]. LVSCL c6 téng dién tich ty nhién trong nudce
khoang 39.945 km?, bao gdm: 13 tinh, thanh phd ving Tay Nam B6 cta Viét Nam. LVSCL
¢6 tiém ning néng nghlep 16n, trong nhiéu ndm qua, LVSCL lu6n déng gép khoang 50% san
luong lua gao, 70% luong trai cay cua ca nudce, va dong gop 90% san luong gao xut khau,
60% san luong thuy san xuat khau [15].

Hién nay, LVSCL di va dang d6i mat v6i nhiéu thach thirc nghiém trong do tac dong
ctia bién ddi khi hau; khai thac, st dung qué muc tai nguyén nudc tai luu vuc va thuong
ngudn séong Mé Koéng [16]. O nhiém nude mit & PBSCL c6 thé de doa strc khoe con ngudi,
dong vat va h¢ sinh thai do nguén nudc nay dugce st dung da muc dich, dac biét cho sinh
hoat [4]. Theo Word Bank [14], 6 nhiém nudc 13 méi de doa 16n nhat d6i voi nén kinh té tai
Viét Nam, nghién ciru chi ra rang 6 nhiém nudc anh hudng 1én sitc khoe con ngudi, c6 thé
lam glam 3,5% GDP vao nam 2035. Nudc thai do thi va cong nghiép khong qua xu ly xa thai
vao moi truong, hoat dong ndng nghiép 1a nhimg nguyén nhén chinh gay ra 6 nhiém ngudn
nudc mat tai Viét Nam [14]. Ngoai ra, do dia hinh thap ciia Pong bang song Ctru Long
(PBSCL), x4m nhap man la mét mdi quan tdm khac vé chat lugng nude, dac biét la anh
hudng dén hoat dong ndng nghiép & cac ving ven bién [17]. Nhiéu nghién ctru trong nudce
duogc thuc hién di ap dung cong cu phan tich théng ké da bién dé kiém tra/danh gia nhiing
thay doi chat luong nude theo khong gian, thoi gian tai cac ving nude mat ndi dia ciing nhu
dé phan bo cac ngudn 6 nhiém lién quan tai 12/13 tinh thuéc LV SCL goém: Tién Giang [18,

], Bong Thap [20, 21], Vinh Long [22], Tra Vinh [23], thanh phé Can Tho [24], Hau Giang
[25, 26], Soc Trang [27, 28], Bén Tre [29], An Giang [30], Kién Giang [31], Bac Liéu [32]
va Ca Mau [33].

Long An 4 tinh con lai thuéc LVSCL van chua c6 cac nghién ctru vé danh gia chat luong
nuoc mat trén toan dia ban tinh theo khong - thoi gian, va xac dinh cac nguon 6 nhiém tiém
tang anh huong dén nguon nude tai dia phuong. Mot sé nghién ctru chil yéu danh gia chat
luong nudce mat tai mot s6 thiyy vue nho trén dia ban tinh [34]. Trong khi d6, Long An la dia
phuong phat tr1en kinh té manh mé& nhat ving PBSCL va 1a tinh trong vung co thé tiém can
v6i su phat trlen ctia ving DPong Nam Bo [15]. V6i dia thé nam & ving giao thoa gilta hai
vung kinh té lon cua ca nuge la Dong Nam Bo va Tay Nam B9, Long An ¢6 co hoi dé phat
trién nén kinh té da dang Ve cac linh vyc cong nghiép, dich vu va nong nghiép. Do do, cung
v6i sy ting trudng kinh té cua dia phuong trong nhitng nim qua da tao nén ap luc (101 Vo1
mdi trudng nudc mit cua tinh. Ghi nhan cia S6 TNMT tinh [35] cho thiy nudc mit tiép nhan
nudc thai tir cac khu do thi va cong nghiép thuong bi 6 nhidm chét hiru co, dinh dudng, kim
loai ndng. Mot sb tuyén kénh rach ndi dong bi 6 nhidém bai chat hitu co, dinh dudng tir muc
trung binh dén cao. Dic biét, xdm nhap min c6 xu hudng gia ting & mirc do sau hon so véi
giai doan trudc. Piéu ndy ching to can phai c6 nhitng nghién ctru sdu hon vé chét lugng
nude, phuc vy xay dung chién luge bao vé va quan ly cho tinh. Nghién ctru hién tai duogc
thuce hién nham: (1) danh gia chit lugng nudc mit trén toan dia ban tinh theo khéng - thoi
gian, va (2) xac dinh va dinh luong cac ngudn 6 nhiém/nhan tb tiém tang tac dong dén ngudn
nudc mat cia tinh.

2. S6 li¢u va Phuwong phap nghién ciru

2.1. Khu vue nghién cuu

Nghién ctru hién tai dugc trién khai trén dia ban tinh Long An thu¢c vuing BPBSCL, Viét
Nam. Vi téng dién tich 4.494,74 km?, tinh Long An duoc chia thanh 15 don vi cép huy¢én,
bao gdm 13 huyén, 01 thi x4 va 1 thanh phd. Mat d6 dan s thay do6i tir 95 - 1.791 nguoi/km?,
c6 thé chia lam 02 ving: ving c6 mat do dan sb thip nam & phia T4y cua tinh va mat do dan
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s6 cao nam ¢ phia Pong ctia tinh noi giap ranh véi tinh Tay Ninh va thanh phé H6 Chi Minh
thudc ving Kinh té trong diém phia Nam (Hinh 1) [15].

Long An ndm & ha luu cua hé théng luu vuc song Vam Co, téng chiéu dai cac song kénh
chinh 12 437 km, ngoai ra con c6 cac kénh rach nhanh tao nén cac duong dan tai va tiéu nudc
phuc vu san xudt va cung cap nude sinh hoat. Tinh Long An c¢6 nhiét do trung binh (26,6-
28,2°C) va luong mua hang nam 1417-1485 mm, dugc chia thanh hai mua, mua mua va mua
kho, mia mua chiém 90% lugng mua ca ndm [35, 36]. Ché d6 thuy vin cua hé thdng nudc
mit tinh chiju anh huéng cua 4 yéu tb: mua tryc tiép; nude tir thuong ngudn séng Vam Co
boéng va Vam Co Tay; 1o tir song Tién do vé khu vyc phia tay song Vam Co Tay va phia béc
kénh Thu Thira; va ché do ban nhat triéu bién Pong. Xam nhap min thudng dién ra tir thang
12 nam trudc dén thang 6 nam sau va ngay cang khoc liét [15].

560.000 590,000 620.000 650.000 680.000
- f——
N
WJF E
1,240,000 S N 1.240.000
TAY NINH I
g o
o \,  CAMPUCHIA g
ek G
P \ s
1.210.000 S > ) 1.210.000
N \q YEN VINI HUNG., = I
o~ ) o N
\ 1 7 A \
b 27 o~ £ ™ N A/

(N \ ;
5 — — | movey puc vk
< v 5
Fuyes i s \_ . )Tm\ A gt TTONG N

p—— %
\ 1=

S %
e ,(u,( SC A
\/’\\ N

N \ o Duey TP. HO CHI MINH
DONG THAP pY . g myev vty
1.180.000 ‘L,\L IUYEN TH mu\ » - = 1.180.000

Oy

.\ I ’\re?;\),\f7;,\y\;)ni, ~
ot SRR X ) € A !

= THANH PHD TAY 4\,{\4 HEYEN CAN DUOC

\-. HUYEN TAN I”LH HUYEN THANT N0 A

TIEN GIANG

1.150.000 CHU GIAL 1.150.000

A Vi trf wiu kénh, rach

Ranh giGi huyn, thj xd, thanh pho 0 20 40 km
Ving LT
el Ty Ié 1:700.000
1120000 Viing 2 1.120.000
560.000 590.000 620.000 650.000 680.000

Hinh 1. Ban d6 khu vyc nghién ctru va bé tri mu quan tric trén dia ban tinh Long An.

2.2. Phwong phap nghién curu

So d0 ciu tric nghién ctru tuan ty theo cac budc sau: (1) Hinh thanh muc tiéu nghién
ctru va thiét ké thi nghiém; (2) LAy mau nuéc ngoai thuc dia; (3) Phan tich mau nudc trong
phong thi nghiém; (4) xir 1y dit liéu va phan tich thong ké; (5) Trinh bay két qua lam noi bat
phat hién mai; (6) Thao ludn va giai thich cac phat hién méi; (7) Két lun.

2.2.1. B tri nghién ctru

Nghién ctru hién tai duoc thiét ké hoan toan ngﬁu nhién, voi 3 yéu tb thuc nghiém, trong
d6 2 yéu t6 lién quan dén khong gian gdbm: xAm nhap min cua nudc bién va duong thay, va
1 yéu t6 thoi gian theo mua.

Theo khong gian: ngudn nudc mit trén dia ban tinh di duoc phan thanh 6 ving chirc
nang duya: diéu kién ty nhién, st dung nudc, hé théng thuy loi, dia gidi hanh chinh, yéu cau
vé quan 1y tai nguyén nude [15]. Trén co so d6, trong nghién ctru ndy, tac gia da nhom lai
thanh 02 vung dya trén cac dac diém vé& mtrc do anh huodng cua xam nhdp man nude bién, va
phan bd khong gian mat do dan sé. Theo d6, Ving 1: 1a ving chiu anh huéng manh béi sy
xam nhap man nudce bién va c6 mat do dan s cao, trung binh 917 ngudi/km? thudc ving IV
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dén vang VI theo phan ving chirc ning nudn nude cia tinh, day 13 ving ving tip trung cac
khu d6 thi 16n, cac khu - cum cong nghi¢p, hoat dong tréng trot va nudi thuy san nudc log;
Vung 2: 1a ving hau nhu it chiu anh huong boi sw xdm nhap man nude bién va c6 mat do
dan so thap, trung binh 219 ngudi/km? thugc vung I dén vung 111 theo phan vung chirc nang
ngudn nudc cua tinh, day laving chii yéu phat trién nong nghiép trong trot, chan nudi, nudi
thiy san nudc ngot, va cling chiu anh hudng cua nhlem. phén vao mua mua (Hinh 1) [15].
Ngoai ra, d6i voi khong gian, chit lugng nude nude c6 thé chiu anh hudng béi cac loai dudong
thiy khac nhau [19, 23], 02 loai duong thuy duoc thiét 1ap trong nghién ctru ndy gdm: (1)
Céc sdng chinh c6 tinh quyét dinh sd luong, chit lvong nude mit cia tinh (song Vam Co
Dong, song Vam Co Tay, song Vam Co, song Bao Dinh, kénh Thay Cai va song Can Giudc)
[35]; (2) Cac kénh, rach nhanh nbi cac tuyén song chinh gitp din tai va tiéu nudc trong san
xudt va sinh hoat. Nhu vdy, khu vuc nghién ctru duoc phan chia khong gian thanh 4 phan
ving thi nghiém, bao gom: Phan ving KR1 (kénh rach trong ving 1 chiu anh huéng manh
ctia xam nhap nudc bién); phan ving KR2 (kénh rach trong vung 2 it chiu anh hudng cia
xam nhap nudc bién); phan ving SC1 (séng chinh trong ving 1 chiu anh huéng manh cua
xam nhdp nudc bién); va phan ving SC2 (song chinh trong ving 2 it chiu anh huéng ciia
xam nhap nudc bién). Hon nita, chat luong nudce mit tai cac thay hé con phu thudc vao su
bién ddi theo muia (mua va kho) [23, 37], day 1a mot yéu td thuc nghiém khac ciia nghién ctru
hién tai.

2.2.2. Phan tich thdng ké

Trong nghién ctru ndy, ap dung 04 budc lién tiép dé xir Iy thong ké s6 liéu: (1) Bude dau
tién thuc hién phan tich thanh phan chinh (PCA/FA) trén b6 dit liéu hoan chinh dé phan biét
cac ngudn gay 0 nhiém; (2) Budc thir hai 13 tinh toan chi sé chat luong nudc (WQI) dé danh
gid; (3) Budc tiép theo 1a thyc hién phan tich phwong sai hai chiéu (ANOVA) dé so sanh chit
luong nude ciia bén phan vung thi nghiém khong gian; va (4) Phan tich hoi quy da bién duoc
thyc hién sau cung dé dinh lugng phan traim déng gop ctia cac ngudn 6 nhiém khac nhau trén
WQI.

Thuyc hién PCA/FA dé phén biét cac ngudn 6 nhiém trong nudc mat theo quy trinh trong
cac nghién ctru trude day [24, 38]. Trudce khi thuc hién PCA/FA, can phai chuan hoa toan bd
dir liéu [28], Phuong phap chuan héa min - max dugc sir dung va phuong phap nay c6 thé
chia ty 1€ dir li¢u thanh 0-1 theo mot ty 1€ nhét dinh [29]. Kiém tra tinh chinh x4c cia ma tran
trong quan ddi voi PCA/FA bang thir nghiém Kaisere Meyere Olkin (KMO) va Bartlett's
Sphericity [40]. KMO phai > 0,5 va < 1 thi PCA/FA méi thich hop [40], trong d6 ngudng
KMO [0,8-0,9], [0,7-0,8], [0,5-0,7] va > 0,5 lan luot 1a tuyét voi, tdt, trung binh va chap nhan
duogc. Theo nghién ctru [41] mac ¥ nghia ctua Bartlett < 0,05, PCA/FA dugc thyuc hién.

Dua trén két qua ciia PCA/FA, 15 thong sé quan tric duoc sir dung dé tinh WQI [19, 47]
theo phuong trinh (1). Phuong phap PCA/FA duoc sir dung dé tinh WQI trong nghién ciru
hién tai vi no phan 4nh t6t hon chat lugng nudc & cac ving ven bién [31].

WQI=37 ws, (1)
Trong d6 n 1a sé thong sb quan trac; Wi 1 trong sb ctia thong s6 thir i; va si 1a diém cua
tham s tht i.
wi dugc x4c dinh theo két qua cua PCA/FA (Bang 2) va s 1a gia tri tiéu chuan cua tat ca
céac gia tri do duoc ciia 15 thong s6 va dugc xac dinh bang cac phuong trinh 3 va 4. Cac thanh
phan chinh c6 gia trj riéng > 1 duogc gitr lai dé u6c tinh trong sb cua cac thong s6 quan tric
c6 gid tri tai cao (> 0,5) véi thanh phan chinh twong tmg [19]. Trong sé dugc tinh theo cong
thire (2).

e.
W, =—"— 2
' Sum @)
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Trong d6 e 1a gié tri riéng ctia thanh phéan chinh i; va Sum 4 tong gia tri riéng cia tt ca
c4c thanh phan chinh con lai sau PCA/FA.

Céc thong s6 quan tric dugc chia thanh ba nhom, bao gom ¢ ‘cang nhiéu cang t6t”, “cang
it cang t6t” va “trung tinh”. Nhom “cang nhiéu cang t6t” chi bao gom thong s6 DO; nhom
“trung tinh” bao gdbm d pH (tur 5 5dén9) [#2], va nhom “cang it cang t6t” bao gém 13 thong
s6 con lai. Ddi véi cac thong s “cang nhiéu cang t6t” va “trung tinh”, gia tri cua si duoc tinh
theo phuong trinh 3.

X —X .
Si — | min (3)
Xmax - Xmin
Déi v6i tham sb “cang it cang tot”, si duoc xac dinh theo phwong trinh 4.
X —X:
S =—mx i )
Xinax ™ Xmin

Trong d6 Xi, Xmin V& Xmax 1an luot 13 cac gia tri dugc phan tich, tdi thiéu va tdi da cua
thong sd i.

Phan tich phuong sai hai chiéu (ANOVA) duoc thiét ké hoan toan ngiu nhién véi hai
yéu t6 thyc nghiém theo khong gian 13 ving lién quan dén xam nhap min (Ving 1 va ving
2) va viing lién quan dén duong thuy (ving song chinh va ving kénh, rach). Khi két ANOVA
chi ra tic dong quan trong ¢ p < 0,05, su dung phep kiém dinh Tukey (Tukey’s Honest
Significant Difference) dé phan biét cac gia tri trung binh. Phén tich hdi quy da bién dugc
thuc hién dé xac dinh ty 16 phan trim ctia 5 nhan t6 tiém an anh huong dén chat luong nude
duogc chiét xuét tir PCA/FA gdp phan tao ra WQI [19, 44]. Xt Iy s liéu Phan mém Rstudio
2023.06.0 Build 421 va Excel 2016.

2.3. 86 liéu sir dung

Nudc mit ctia 62 vi tri chon trude duge lay dé phan tich héa hoc trong vong 7 nam, tur
nam 2017 dén nim 2023 (Hinh 1). Cac phén vung KR1, KR2, SC1 va SC2 1an Iuot bao gom
15, 4, 33, va 10 dia diém. Trong mdi nam, co bon dot lay mau, 2 dot mua kho (thang 3 va
11) va 2 dot muia mua (thang 6 va 9). Tong sé6 mau nude mit dugc lay 13 4 x 62 x 7 = 1.736
mau; phan tich 15 chi tiéu: pH, oxy hoa tan (DO), nhiét dJ, do dan dién (EC), @6 man, do
duc, téng chat ran hoa tan (TDS), Tong chét ran lo ling (TSS), nhu ciu oxy sinh hoa (BOD5)
nhu cau oxy hoa hoc (COD), Amoni (NH4"), nitrat (NO3), Nitrit (NO2’), phét phat (PO4>),
Clorua (CI"). Phuong phap 1Ay mau va phan tich cac thong sb 6 nhidm dugc thuc hién theo
quy dinh k¥ thuat quan trac méi truong do Bo Méi truong va Tai nguyén ban hanh.

3. Két qua va thao luin

3.1. Bdnh gid chdt lwong nudc tong thé

Cac s6 liéu théng ké md ta nhu gia tri trung binh va d¢ 1éch chuan cua céc chi tiéu chit
lwong nudc dugce tai Bang 1. Két qua cho thiy cac thong s6: DO, BODs, COD, TSS, NH4*
va CI- déu khong dat muc A, B, C va D cua QCVN: 08:2023/BTNMT; pH, NOg, PO+ gia
tri trung binh dat mirc A theo quy chuéan, chat lwong nudc tét ¢ thé cdp nue sinh hoat sau
khi ap dung cac bién phap xu ly. Diéu nay ching to nuwdc mit trén dia ban tinh dang c6 dau
hiéu 6 nhiém do cac ngudn thai khac nhau.

Bang 1. Gia tri trung binh va d6 1éch chudn ctia 15 thong s6 quan tric (tir nam 2017-2023).

Thongsé Do vi Gia tri ] Quy chuin nuéc mit*
* Trung binh  P§léch chuan Mic A Miic B Mikc C Mikc D
pH - 6,80 0,53 6,5-85 6,0-8,5 6,0-8,5 <6,5 hoic >8,5
DO mg/L 3,95 0,76 6 5 4 2

Nhiét do °C 30,3 11 - - - -
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Théong s6 Pon vi

Gia tri

Quy chuin nwéc mat*

Trung binh  Pé léch chuin Mirc A Miic B Miic C Mikc D
TDS mg/L 1.349 2.949 - - - -
Poduc  NTU 66,72 70,72 - - - -
EC mS/cm 2,15 4,75 - - - -
Do man % 0,14 0,47 - - - -
BODs  mg/L 13 20 4 6 10 >10
coD mg/L 34 49 10 15 20 >20
TSS  mgiL 51 86 5 15 >I5vakhong  >15vacoric
CO rac noi noi
NH/**  mg/L 1,93 4,38 0,3 0,9 0,9 >0,9
NOz**  mgl/L 0,38 0,66 5 10 15 >15
NO,**  mg/L 0,055 0,14 0,05 0,05 0,05 >0,05
POS**  mgl/L 0,12 0,35 0,2 0,3 0,5 >0,5
Cl** mg/L 561 1.421 250 350 350 >350

Ghi cht: (*) Quy chudn k§ thuat qubc gia Viét Nam vé chat luong nude mit QCVN 08:2023/BTNMT
(**): Céc thong s6 khong co trong QCVN 08:2023/BTNMT, do d6 tham khao theo QCVN 08-
MT:2015/BTNMT.

3.2. Xdc dinh va dinh lwong cdc nguon 6 nhiém/nhdn t6 chinh dnh huwong dén CLN

3.2.1. Xac dinh cac ngudn 6 nhiém/nhan té chinh theo PCA/FA

PCA/FA cta 15 thong s6 quan tric nudc mit duoc sir dung dé xac dinh ngudn gdc cia
cac chat 6 nhiém khac nhau. Gia tri cua kiém dinh KMO 14 0,73 > 0,5, dat & mirc tot theo
va mirc ¥ nghia cua Bartlett dudi 0,0001 chi ra rang toan b tap dit liéu trong
nghién ctru hién tai déu phu hop véi PCA/FA. Nam nhan té chinh (F1 - F5 ¢6 gia tri riéng
, 46] chiém 70,4% tong phuong sai duoc giai thich bang PCA/FA (Bang 2).
Céc hé s6 tai trong [0,3-0,5], [0,5-0,75] va > 0,75 duoc coi 1a yéu, trung binh va manh [47].

Kaiser [40],

16n hon 1 [

Bang 2. Hé s6 tai trong ctia 15 thong s6 quan tric trong phan tich PCA/FA. Chit s6 t6 dam c6 gia tri

16n hon 0,5.
Théng s6 = F2Yeu tI(:)3ch1nh Fa F5 Trong sb clia thong sé

pH 007 -006 028 015 -0,56 0,03
DO 024 -062 013 014 0,09 0,07
Nhiét d6 0,02 -002 007 009 073 0,03
TDS 09 -003 017 003 -0,02 0,10
Do duc 014 000 086 002 -014 0,06
EC 097 -003 015 003 -0,01 0,10
D6 min 072 -002 001 001 0,00 0,10
BODs 010 080 040 -0,10 0,19 0,07
CcoD 011 078 042 -0,10 021 0,07
TSS 023 010 088 -0,02 0,03 0,06
Amoni -0,04 068 -009 034 -0,02 0,07
Nitrat 0,06 -0,09 004 081 0,0 0,04
Nitrit 011 006 -003 080 -0,12 0,04
Phosphat -0,03 054 -011 0,00 -0,39 0,07
Clo 09 -006 0118 000 -0,01 0,10
Gia tri riéng 347 241 205 149 113

% Phuong sai 23,1 16,1 13,7 9,9 7,6

% Phuong sai cong don 231 392 529 628 704

Trong sb ciayéutdchinh 033 023 019 014 011

Nhan t6 dau tién quan trong nhat (F1), chiém 23,1% tong phuong sai, c6 tai trong duong
manh trén TDS, EC, va Cl', tai trong duong trung blnh trén d6 man, cac thong s6 nay co thé
dai dién cho ngudn 6 nhlem do nuoc blen x4m nhap min. Trong cac hé théng thuy sinh noi
dia, d6 man duge thé hién qua 3 thong s6 C1” hodc TDS) hay EC [48]. Nudc ngot c6 d0 man
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trung binh 13 0,146%o, nudc 1g cd6 6 man tir 1-10 %o, trong khi 6 man cia nudc bién thuong
nam trong khoang tir 10-45%o [49]. Nudc mit tinh Long An ¢6 d6 man vao khoang 0,14%
(1.4%o0) (Bang 1) thuc ving nudc lg, chiu sy anh huéng ciia thily triéu bién Dong. Xam nhap
min 13 nguyén nhan chinh lam ting néng d6 EC va CI", va d6 man trong nudc mat 6 cac luu
vue song [19, 31]. Tir d6, gay suy giam chit lugng nude, anh huong dén doi séng va san xuat
ctia nguoi dan, dic biét 13 & ving ctra song ven bién va dong bang phia Nam ¢ luu vuc Dong
Nai va BDPBSCL [50]. Hién nay, xdm nhap man c6 xu hudng gia tang ¢ cac vung cira song
ddng bang ven bién [50, 51] va duoc ghi nhan nghiém trong hon trong nhimg nim gan day
tai tinh Long An [35].

Tac dong tuong tac dang ké gilra cac vung anh hudong boi xam nhap mén va loai duong
thily tai cac thong s6 ctia nhan t6 F1 (ngudn 6 nhidm do nudc bién xam nhap: TDS, EC, d6
man, CI") (Hinh 2). Tai Ving 1 két qua do céc thong s trén cao hon dang ké so véi ving
vung 2, ghi nhan cia céc tac gia khac [19, 31] tai vang PBSCL ciing thé hién diéu nay. Gia
tri ctia tit ca cac thong sé thudc nhan t6 F1 & ving song chinh, 16n hon nhiéu so véi ving
kénh rach, dic biét 1a tai khu vuc gin bién sy anh huong nay ghi nhan dang ké (p < 0,05) va
gia tri trung binh EC, d§ man tai phan vung SC1 nay lan luot 12 3,2 mS.cm™ va 2,2%o - nudc
c6 do man trung binh, khong thich hgp cho tudi tiéu nong nghiép theo FAO [52]. Trong khi
d6 tai Viing 2 (xa bién) mirc d6 nay khong 1d rang (p > 0,05), do it chiu anh hudng ctia xdm
nhap nudc bién, minh chimg rd hon 14 3 phan viing con lai KR1, SC2, KR2 déu c6 gia tri EC
< 2mS.cm™, d6 min < 1,5%o - nuéc hoi man, van thich hop dé tudi tiéu nong nghiép [52].
Diéu nay c6 thé ham ¥ rang nudc bién da xam nhap vao khu vuc nghién ciru thong qua dong
chay thudc cic song chinh trén dia ban tinh, va n6 ciing goi ¥ ring xdm nhap nudc bién
thudng dong gdp quan trong trong viéc xac dinh chit lugng nudc mat tai khu vuc ven bién

, 31].

(@) TDS (b) EC
mSong chinh  Anh huéng: mSong chinh  Anh huéng:
. Tuong tdc = * . Tuong tac = *
BKénh, rach B Kénh, rach
6,000 10 ¢
5,000 | g |
5, 4,000 o 6 |
£ 3000 | 2 a
a 4 | b
2,000
1,000 b bc ¢ 2r bc ¢
0 - 0 .
Ving 1 Ving 2 Ving 1 Ving 2
(c) Do man (d) CI-
mSongchinh  Anh huong: mSong chinh  Anh huong:
Tuong tac = * Tuong tdc =*
B Kénh, rach BKeénh, rach
1.00 r 3,000 r
080 L 2,500 B
o < 2,000
= 060 | .
2 1,500 |
040
I 1000 | 2| b
020 T % b b 500 | % b b
0.00 . 0 -
Vung 1 Vung 2 Vung 1 Vung 2

Hinh 2. Anh hudong theo ving xdm nhap man (Ving 1 va ving 2) va theo loai dudng thuy (song
chinh, kénh - rach) véi cac thong s6 TDS, EC, d6 man, CI" thudc Nhén t6 F1. Thanh error bar: d¢
l1&ch chuan cua gia tri trung binh. Sy khac biét c6 y nghia thong ké (p < 0,05): cac chircaia, b, c, ....
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Déu hoa thi (*):hiéu tmg tuong tac giita ving \(é duong thuy dugc thir nghiém ¢6 y nghia théng ké

va NS: hi¢u tng tuong tac khong c6 y nghia thong ké (p < 0,05). Luu y néu hiéu tng tuong tac gilra

vung va dudng thuy c6 y nghia, hi¢u tng don 1¢ ciia duong thiy va vung khong dugc thir nghiém.

Nhan t thi hai (F2) c6 tai trong duong manh déi véi BODs, COD tai trong dwong trung
binh d6i v6i NHa*, PO4> , va téi trong am trung binh doi v6i DO. VF2 gidi thich dugc khoang
16,1% tong phuong sai (Bang 2). Yéu tb nay véi tai lugng cao tai cac thong sO dinh dudng
va hiru co c6 thé lién quan dén nudce thai sinh hoat, san xuat cong nghiép, nudi trong thuy
san. BODs va COD c6 moi quan h¢ chat ché, dac bi¢t hinh thanh tir cac loai nudc thai trén,
[53, 54], tir &6 1am giam ham lwong DO trong nude. NH4*, PO4> dai dién cho 6 nhidém chit
dinh dudng tir cac nudc thai nudi trong thiy san va sinh hoat [55-57].

Két qua tir Hinh 3 cho thiy BODs, COD, NH4 va PO,* & ving kénh rach 16n hon ving
song, va nguoc lai din dén DO thap hon. Nguyén nhén c6 thé do van tdc dong chay va thé
tich thép két hop véi xa chét thai quéa muc tai cac kénh rach dan dén sy tich tu cac chét 6
nhiém tai day [4], ddc biét 1 tai cdc kénh rach ving 1 - noi c6 hoat dong kinh té rat phat trién
(dan cu, cong nghiép va dich vu) vala noi tap trung phat trién thily san nude man cua tinh véi
dién tich trén 4.000ha dat ngdp man tap trung tai cdc huyén Chau Thanh, Can Giudc va Can
Pudc [15], din dén mic do anh huong kha 1d rang (p <0,05). Piéu nay ciing giai thich cho
chat lugng nudc tai vung 2 - noi cach xa bién t6t hon so véi vung 1 ¢ Hinh 3. Sy twong tac
dang ké giira 2 yéu t6 thuc nghiém (ving, va loai dudng thuy) dén cic thong s6 thudc nhan
t6 F2 ciing duoc thé hién tai Hinh 3.

(2) DO (b) BODs (c) COD
mSong chinh  Anh huéng: mSong chinh  Anh huéng: mSong chinh ~ Anh huong:
BlKénh, rach Tuong tac =* ®Kénh, rach ~ Tuongtc=* @Kénh, rach Tuong tac =
er 60 r 140
5+ D¢ a ab 50 | 120 |
— — o |
g 3 F g’ 30 | a g ol “, a
I r b
2 20 Fb . w0 L Cbe
Ly 10 r L 20 | I 7
0 0 . % 0 i
Vingl  Ving 2 Vingl  Ving?2 Vingl  Ving?2
(d) NH,-N (€) PO,3-P

Hinh 3. Anh huong theo viing xam

m Song chinh Anh huong: m Song chinh Anh huéng: A % N P 5
Prat o Tuongtic=* i g Tuong tac = * nhap mgn (Yung lq va \{ung 2)' va
enh, rac BKeénh, rach theo loai duong thuy (sdng chinh,
kénh-rach) voi cac théng sé DO,
12 r 120 r BODs, COD, NH4*, PO4* thuoc
10 ¢ 100 | Nhan t6 F2.
— —
L 8t 080 f
g 6 a g o060 |
4t b[ ) 040 | a
c b
2t c 0.20 b p
Ving 1 Ving 2 Vingl  Vung 2

Nhan t6 thi 3 (F3), chiém khoang 13,7% tong phuong sai c6 tai trong duong manh dbi
v6i Do duc va TSS. Do duc va TSS c6 thé dai dién cho két qua x61 mon dat hoic dong nude
thai dan cu, cong nghiép, nong nghiép, thuy san chay vao [23, 24]. Chat ran lo ltimg ¢6 nhiéu
trong nudc thai sinh hoat va nude thai nuéi trong thiy san c6 thé 1am 6 o nhiém nudc mit [54,

]. Tai ving ven bién PBSCL nuéi tom 1a hoat dong chinh dan den ndéng do TSS ling luén
& murc cao [4], day cung la loai thuy san chinh tai khu vuc nu6i trong chinh cua tinh Long
An [15]. Miia mua c6 thé lam ting nong do TSS thong qua tac dong dong chay tir ddng rudng,
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dudng giao thong hodc khu dan cu [59], trong khi mua kho c6 thé 1am ting ndéng d6 chit rin
lo lting (hiéu tng tich tu/ling dong) do lwong nudc dau vao giam [26]. Nghién ctu tai tinh
Tién Giang cho thiy TSS 1a mét trong nhing chi tiéu bién dong theo mua rd rét nhat cua cac
khéi nuée, vao mua mua ham luong TSS cao hon so voi mua kho, didu nay cé thé tir qua
trinh x6i mon dat do nudc mua [18]. Tuy vay, két qua ciia nghién ciru nay cho thiy thong tin
nguoc lai, voi ham lugng trung binh TSS, d0 duc trong nudc mat trén dia ban tinh Long An
¢ mua kho cao hon so voi mua mua. Vao mua kho gia tri TSS, do duc lan luot 1a 58 mg.L?,
70,9 NTU va vao mua mua la 43 mg. L'1 va 62,6 NTU, dong thoi su bién dong theo mua nay
¢6 y nghia (p < 0,05). Chimng té nhan t6 F3 (d6 duc, TSS) trong nghién clru nay dac trung boi
dong nudc thai chay vao hé théng thay van tir hoat dong dan cu, san xuat nong nghiép, nudi
trong thity san, cong nghiép, va lién quan dén hiéu tung tich tu/ling dong chit 6 nhiém trong
khdi nuée.

Thong s do duc va TSS lién quan dén nhan t6 F3 khong bi anh huong boi su tuong tac
gilta vung va loai duong thuy, ma boi anh hU:O'ng riéng I¢ cua vung, va loai duong thuy (Hinh
4). Dao dong myc nudc 1€n to1 vai mét mdi ngay do anh huéng cua thuy triéu c6 thé 1a nguyén
nhan giy ra toc do dong chay ¢ cac song kénh ven bién  2Op phan lam dg duc, TSS tai ving
1 cao hon ving 2 [4]. Két qua quan tric ctia cac thong sd ¢ nhan t6 F3 tai cac song chinh cao
hon so véi cac kénh rach, nguyén nhan c6 thé 1a do su tich lity cac chat 6 nhiém trong céac
kénh rach nhanh duoc van chuyén vao song chinh [23], va ché do thuy triéu anh huong dén
cac song chinh cao hon kénh rach. Anh huéng tuong tu ciia ham lugng TSS theo cac tuyén
song chinh va kénh rach ciing dugc ghi nhan ¢ Tra Vinh [23].

(@) Po duc (b) TSS
mSongchinh  Anh huong: mSongchinh  Anh huong:
Tuong tac = NS . Tuong tdc = NS
EKénh, rach Ving = * EKeénh, rach vang = *
Duong thuy = * Duong thuy = *
200 r 200 r
S 150 t _, 150
= b 2
100 | g 100 |
b b a b b
; : Iz
Ving 1 Vung 2 Vung 1 Ving 2

Hinh 4. Anh hudng theo ving xdm nhap man (Ving 1 va ving 2) va theo loai dudng thity (séng
chinh, kénh - rach) véi cac thong s6 Do duc, TSS thudc Nhan t6 F3.

Nhén t6 tha 4 (F4), giai thich 9,9% tong phuong sai, co tai _trong duong manh trén NO3’
va NO7', lién quan dén cac chat dinh dudng v6 co nito. Nudc bé mit giau chit dinh dudng 1a
dau hiéu cta cac khu vuc c6 dong chay néng nghiép [59]. Cac nghién ctru tai ving PBSCL
[21, 26, 31] cho thay chét thai thily san va dong chay tran hodc x61 mon tu vung noéng nghiép
c6 thé 1am ting thém chat dinh dudng vao ngudn nudc mat. Nghién ciru [4] ciing chi ra rang,
ngoai nudce chay tran tir dat ndng nghiép duoc bon phan thi nudc thai (chua qua xu 1) cungla
ngudn chinh cua cac chat dinh dudng trong nudc mat vung DBSCL. Tuy vy, theo két qua
ctia nghién ctru nay cho thay NOgz", NO2™ 14 cac thong s6 c¢6 ¥ nghia anh hudng theo mua (p
< 0,05), vaio miia mua gia tri trung binh 2 thong sé nay 1an luot 13 0,42 mg/l va 0,062 mg/L
va cao hon so voi mua khé (0,34 mg/L va 0,048 mg/L). Didu nay ching to nhan té F4 (NO3"
va NOy) trong nghién ctru nay dac trung boi dong chay tran cua nwdc mua qua khu vuc san
xuat néng nghiép.

Cac thong s6 NOz va NO2™ lién quan dén nhan t6 F4 khong bi anh hudng boi su twong
tac giira ving va loai dudng thiy, ma boi anh hudng riéng 1¢ cua loai duong thay (ddi véi
thong s6 NOs"), va theo ving, ciing nhu loai dudng thuy (d6i voi thong sé NO2') (Hinh 5).
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Tai khu vuc song chinh gié tri NO3™ cao hon khu vuc kénh rach, trong khi gia tri NO2” nguoc
lai. Nguyén nhan, trong qua trinh nitrat hoa, NO2™ 13 chét trung gian khong 6n dinh c6 xu
huéng chuyén thanh NO3 [ 1, qua trinh nitrat héa NO>" thanh NOs" tai céc kénh rach nhanh,
sau do6 theo cac dong chay do ra céac vung song chinh lam tang ndng d6 NO3” va giam NOz”
tai day. NOs va NO2 & viing 1 (gn bién), cao hon ving 2 (ndi dia) trong nghién ctru ndy, 6
thé lién quan dén dong thai tai khu vuc nuéi thity san chinh cta tinh & vung 1, két qua turong
ty duoc tim thiy & nghién ctru [57].

(2) NOy (b) NO,
mSong chinh  Anh hudng: mSong chinh ~ Anh huong:
o Tuong tac = NS s Tuong tdc = NS
EKénh, rach Viing = NS EKénh, rach vang = *
Puong thuy = * DBuong thuy = *
120 035
100 | 030 r
<080 | el
020
2060 [ =3
0.40 a
010 b b
0.20 - 0.05 [ L %
0.00 0.00
Vl:]ng 1 VL‘mg 2 Vl]ng 1 Vl]ng 2

Hinh 5. Anh huong theo viing xdm nhap man (Ving 1 va ving 2) va theo loai duong thity (song
chinh, kénh-rach) véi cac thong s6 NO3, NO thudc Nhan tb F4.

Nhaén t6 chinh cudi cing (F5), chiém khoang 7,6% tong phuong sai, c6 tai trong duong
trung binh trén nhiét d¢ va tai trong 4m trung binh trén pH. Cac ngudn anh huéng dén pH va
nhiét 6 c6 thé 1a ché do thuy vin va cac yéu t6 thoi tiét [25]. Cac nghién ciu [27, 60] cho
thdy pH, nhiét d6 1a cac thong s bién dong theo mua. Gia tri trung binh pH trong nghién ciru
nay vao mua mua la 6,67 nho hon khong nhiéu so v&i mua kho (6,78). Cac nghién ctru khac
[4, 24] ciing cho thiy diéu nay, co thé 1a két qua ctia dong chay tran nuéc mat cudn theo 16p
dat c6 tinh axit (hay bi nhiém phén) trong muia mua cao hon so véi mua kho tai khu vue [4].
Nhin chung, pH trong nu¢c mat khong dao dong nhiéu tai ving nghién ctru, gia tri pH o mirc
trung tinh va nam trong pham vi cho phép cta quy chuin nudc mit cho muyc dich cap nudc
sinh hoat. pH c6 tuong quan nghich véi nhiét d§ khi & muc trung tinh theo ghi nhin cta
Ashton va cong su [61].

pH chiu sy anh huong tuong tac gitra vung va loai duong thity, trong khi d6 nhiét d6 chi
chiu sy anh huong riéng 1€ cua loai duong thuy (Hinh 6). Nhié¢t do trong nudc tai cac kénh
rach thap hon khong dang

ké, nhung c6 y nghia théng (@) pH (b) Nhiét d¢
ké (p < 0,05) so v6i cac mSong chinh  Anh huong: mSong chinh ~ Anh huong:
Sél’lg Chi]flh, qéc blét tal @Kénh, rach Tuong tac == B Kénh, rach ;r/ﬁ?\gg:t?\fsz "
vung | gan bién. Diéu nay
co thé giai thich do luu 8 4 a 320
lugng dong chay thap hon b 315
. L, A re as) 6 r —
tai cac kénh rach so voi 2 5310 .
song chinh [62]. Trong khi a4t g 35 a |b ab
do6 pH tai cac kénh rach > 300 |
A fe oA ’ 2+
thap hon so vi song chinh 295
va c¢o y nghia (p <0,05) tai 0 29.0
ving 2 ndi dia. Diéu nay Ving 1 Ving 2 Ving 1 Ving 2

ching t6 tai khu vue Déng Hinh 6. Anh huong theo viing xam nhap man (Vung 1 va viing 2) va theo
Thap Mudi thudc ving 2 loai duong thuy (sdng chinh, kénh-rach) vai cac théng s6 pH, nhiét do

trén dia ban tinh da diénra thugc Nhan to F5.



Tap chi Khi twong Thiiy vin 2025, 773, 15-30; doi:10.36335/VNJHM.2025(773).15-30 25

qué trinh rira troi dat phén (co tinh axit) dua vao cac kénh rach 1am giam do pH so voi cac
sobng chinh - noi dong chay da trung hoa pH. Nguyén nhan nay cling giai thich cho pH thap
hon & vung 2 so véi vung 1.

3.2.2. Pinh lugng phan traim déng gop vao WQI cua cac ngudn 6 nhiém

Phan tich hoi quy da bién cho thdy 5 nhan t6 dugc trich ra tir phan tich PCA/FA, lan luot
chiém 81,3%, 12,8%, 2,8%, 1,0% va 2,1% c6 mdi twong quan dang ké véi ca tong phuong
sai ctia chi s6 WQI (Bang 3). T4t ca nim nhan t6 cing nhau giai thich 100% tong phuong sai
cia WQLC6 nim ngudn 6 nhidm/nhan t6 chinh c6 kha ning anh huéng dén chat lvong nudc
mit tinh Long An dugc rit ra tir phan tich PCA/FA & trén cing véi sir dung hoi quy da bién
chi s6 WQL.

X4m nhdp man clia nude bién ngdy cang gia ting tai ving nghién ctru 13 nhéan t6 chinh
giai thich t6i 81,3% chi s6 WQIL Nhan t thir hai chiém khoang 12,8% tong phuong sai ciia
WQI dén tir hoat dong nhén sinh, bao g6m cac hoat dong dan cu, cong nghiép, dich vy, néng
nghiép (nudi trong thity san) da gia tang nudc thai vao hé thdng nudc mat. Nhan té thir 03 co
thé bat ngudn tir qua trinh tich tu/lang dong chit 6 nhiém tai cac vung nudc mat lam gia tang
chit 6 nhiém tai thuy vuc, nhan t6 nay chiém khoang 2,8%. Nhan t6 tht tu chiém khoang

1,0% déong gop vao chi ) WQI la dong chay tran ctua nudc mua qua cac khu vire nong nghiép.
Ngodi ra con c6 cac yéu td vé thoi tiét va thuy vin ciing gop phan anh hudng dén chat luong
nudc mat trong nghién ctru hién tai véi khoang 2,1%.

Bang 3. Phan tram dong gop ciia cac nhan té chinh tir PCA/FA giai thich tong phuong sai cia WQI
tai khu vue nghién ctru (p < 0,05).

o 2 Téngbinh  DPéng g6 . Nguon &
Nhén to tiém an g Og 8P Gisa trip Thong so0 anh hwéng nhiém/Nhan
phwong /o t6 chinh
F1 248 81,3 <0,0001  TDS, EC, do man, Clo  -vam nhap man
nudc bién
DO, BODs, COD, NH.*, Hoat dong
F2 0,39 12,8 <0,0001 P04 nhan sinh
Qua trinh tich
F3 0,09 2,8 <0,0001 Do duc, TSS tu/}éng dong
chét 6 nhiém
Fa 0,03 1,0 <0,0001 NOs, NOy Dong chay tran
nong nghiép
F5 0,06 2.1 <0,0001 pH, nhiét do Yeu 10 thoi
tiét, thiy van
Tong Phuong sai 3,04 100,0

3.3. Sw thay doi theo khéng gian va thoi gian chi sé chdt lwong nweée mat (WQI)

V& su thay ddi khong gian, cac mau nude dugc thu thap tir ving 2 xa bién c6 WQI cao
hon so v6i cac mau nudc duoc thu thap tir ving 1 (gan bién) (Hinh 7a). Phan tich Anova cho
thay anh huong theo vung khong gian nay ¢ y nghia thong ké (p <0,05). Nguyén nhan vi
moi viing khong gian chiu tac dong bdi cac ngudn 6 nhiém khac nhau, c6 hai nguyén nhan
chinh: (1) Nguyén nhan quan trong dau tién do xAm nhap min ¢ ving 1 én hon so véi ving
2; (2) Nguyén nhan thir hai 1a do tai khu vuc vung 1 ¢6 cac hoat dong kinh té x3 hoi dién ra
manh mé& 1am gia ting phat thai vao vao hé thong nuwdc mat nhiéu hon ving 2 1a noi c6 mat
d6 dén s6 thip, chu yéu 1a dat ndng nghiép. Ngoai ra dong gop it hon tir qua trinh tich tu/ling
dong, dong chay tran nudc mua, hay cac yéu t6 thoi tiét, thuy van nhung khong r6 rang va
can dugc nghién ctru sau rong hon. Xu hudng giam WQI tir ving trén xudng vung dudi cling
duoc thay & nhiéu séng khac nhu séng Sai Gon [63], song Tién [19], song Hau [23]. Mat
khac chi s6 WQI giira khu vuc song chinh va kénh rach tai timg vung khong gian khong c6
su khac biét co ¥ nghia théng ké (p > 0,05). Diéu nay ham y ring, trong quan 1y chit luong
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nudce, tinh nén cha trong vao ving khong gian theo anh hudng cua yéu té bién va hoat dong
nhan sinh hon 1a cac tac nhan vé thuy dong luc khac nhau tai ving song chinh va kénh rach.

(a) Bién déi theo khong gian (b) Bién ddi theo thoi gian
mSongchinh  Anh hudng: = Moa kho Anh huéng:
T ac=N T ac=N
mKenh,rach oo T EMiamua g NS
1.00 r 0.98
a a 0.96 |
095 - _
= b b 2 094 [T . .
S = a b b a ab b
5090 | o 0% a ab 2
= = 090 b
085 r 0.88 | I
0.80 086
' N N 2017 2018 2019 2020 2021 2022 2023
Ving 1 Ving 2 Nim

Hinh 7. Bién ddi theo khong va thoi gian WQI tai khu vuc nghién ctru. Thanh error bar: do 1éch
chuan cua gié tri trung binh. Sy khac biét co y nghia théng ké (p < 0,05): cac chir cai a, b; Dau hoa
thi (*): hiéu Ung tuong tac gitra ving va duong thuy dugc thir nghiém c6 ¥ nghia thong ké va NS:
hiéu ing twong tac khong cé y nghia thdng ké (p < 0,05). Luu ¥ néu hiéu ing twong tac giita ving
va duodng thuy c6 y nghia, hi¢u ing don 1€ cia dudng thuy va vung khong dugc thur nghiém.

Xét theo thoi gian, chi s6 WQI muia mua cao hon mua khé (Hinh 7b). Tuy nhién, su
chénh 1éch nay khong r6 rang tai cac mua trong 07 nam quan trac, thé hién & phén tich anova
giita hai mua tai cic nim déu khong co y nghia thong ké (p > 0,05). Du véy, phén tich ciing
cho thdy WQI vao muia khd nam 2020 nhé nhét trong 7 nim, nguyén do muia kho nam 2020
xam nhdp min xay ra rat khoc liét theo ghi nhén [15, 64]. Sy thay d6i vé WQI trong 7 nim
qua 12 khong dang ké (Hinh 7b), ngu y rang cong tac quan ly moi trudng cua tinh trong giai
doan nay ngay cang tot hon gitip lugng phat ra moi truong tang khong nhiéu. Tuy nhién,
trong tuong lai moi truong nudc mat cua tinh co thé tlep tuc suy gidm do anh huong huong
ctia bién d6i khi hau va cac hoat dong phat trién kinh té - xa hoi manh mé cua tinh 1am gia
tang phat thai vao ngudn nudc.

4. Két luin

Chat lugng nudc mat tai tinh Long An c6 thé bi anh hudng boi 5 nguén 6 nhiém/nhan t6
chinh, trong d6 ngudn quan trong nhat c6 thé lién quan dén xam nhap mian, dong gop khoang
81,3% vao WQI trong nghién curu hién tai. Nguén thir hai chiém 12,8% c6 thé lién quan dén
hoat dong nhan sinh, cong nghiép, nudi trong thuy san. Bén canh dé con ba ngudn khac c6
mirc 46 dong gbp thap hon lién quan dén sy tich tu/ling dong trén hé thdng song, kénh rach;
qua trinh chay tran nuéc mua qua khu vuc d4t nong nghiép; va cubi cung 1a cac yéu té thoi
tiét, thuy luc. Theo WQI, chét lugng nudc mat c6 xu hudng gidm rd rét tr vung noi dia ra
ven bién, va mia mua cao hon mua kho dic biét 1a vao nam 2020, trong khi d6 anh huong
tai khu vyc séng chinh va kénh rach khéng r6 rang. Nghién ctru chi ra rang cac bién phap
quan ly chat luong nudc cua tinh can cha trong vao ving khong gian theo anh hudng cua
thiy triéu va hoat dong nhan sinh. Bai bao chwa xem xet tac dong cua 6 nhiém nudc mat dén
strc khoe con ngudi va can dugc lam 16 trong cac nghién ciru tiép theo.

L1 cam on: Tac gia xin bay to 101 cdm on chan thanh td1 S¢ Tai nguyén va Moi truong tinh
Long An di hd trg, giup d&, gop phan hoan thanh cong trinh nghién ctru nay.

Loi cam doan: Tac gia cam doan bai bdo nay la cong trinh nghién clru cua tac gia, chua
duoc cong bd & dau, khong duoc sao chép tir nhitng nghién ciru trude day; khong co su tranh
chip loi ich.
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Identification and qualification pollution sources of surface water
in Long An province, Mekong Delta

Le Viet Thang®*

L Institute for Environmental Science, Engineering and Management, Industrial University
of Ho Chi Minh City; levietthangmt@gmail.com

Abstract: This study aims to evaluate temporal, spatial variations and fractionate the
pollution sources of the surface water system in Long An province. From 2017 to 2023, a
total of 1,736 surface water samples were collected from 62 sites, divided into 4 zones.
During dry and rainy seasons, water samples were collected 4 times per year and analyzed
for 15 physical, chemical and biological parameters. The entire data set was subjected to
principal component analysis (PCA/FA), two-way analysis of variance, multivariate
regression analysis and used to calculate water quality index (WQI). The PCA/FA results
showed 05 main sources of pollution/factors affecting surface water quality, including: saline
intrusion; human activities; accumulation/sedimentation; runoff through agricultural areas;
and weather and hydraulic factors. Multivariate regression analysis indicated that saline
intrusion and human activities contribute significantly to the deterioration of water quality in
this area. The values of WQI reduced from inland to coastal areas, and these indexes in the
rainy season tends to be higher than the dry season. These findings provide a scientific
fundamental for developing enhanced and rigorous water quality management strategies in
Long An province.

Keywords: Multivariate statistical analysis; Pollution sources; Long An; Water quality.
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Tém tat: Nghién ciru tng dung k¥ thuat hoa hop (blending) cai thién trudng ban dau cho
mo hinh WRF trong du bao bio trén Bién Pong, véi thr nghiém trén 4 con bdo nim 2023
(Talim, Saola, Koinu, Sanba). Cac con bao khong dd bo truc tiép vao Viét Nam nhung giy
anh hudng gian tiép nhu mua 16n va gié manh trén bién. Két qua cho thay, vé quy dao, bio
Talim c6 sai sd tang theo han thoi gian, véi CTL (No-blending) luén t6t hon blending, sai
s6 16n nhat 320 km ¢ han 60h. Bio Saola c6 blending dy bao tot hon & han 20-40h, trong
khi cac han khac co sai s6 twong dwong. Bio Koinu c6 sai sd hudng di chuyén ¢ cé hai
phuong 4n, v6i CTL nhinh hon. Bio Sanba c6 sai s6 nhé nhung huéng di chuyen khong
chinh xac. V& cuong d9, ca hai phuong an du bao bao Talim manh hon thue té, sai sO Khi
ap 16n nhat 25 mb & han 42h, blending kém hon CTL. Vi Saola, du bao yéu hon thyc té &
han diu nhung manh hon & 36-48h, sai s6 trong duwong nhau. Bio Koinu bi dy béo yéu hon
thuc té, sai s6 16n nhat 30 mb & han 6h. Bdo Sanba manh hon thuc té trong 36h dau nhung
yéu hon sau d6, CTL ¢6 sai s6 nho hon. K§ thuat hoa hop cho thay tiém nang cai thién du
béo quy dao va cuong do bio trong mot sd tinh hudng cu thé.

T khoa: Ki thuat hoa hgp; Du bao bao; M6 hinh WRF.

1. Giéi thi¢u

Xody thudn nhiét doi (XTND), bao gdm bdo va 4p thip nhiét doi (ATND), 1a nhing
hién tuong thién tai nguy hiém, gay ra nhiéu hé qua nghiém trong nhu gié manh, mua 16n, It
lut, séng cao va nudc bién dang. Nhing tac ~dong nay khong chi gay thi€t hai nang né vé
ngudi va tai san ma con lam gian doan sau sac cac hoat dong kinh té va xa hoi & nhidu khu
vue trén thé gigi. Do d6, viéc nang cao do chinh xac trong du bao quy dao, cudng do, cdu
triic, va cac hé qua kém theo ciia XTND nhu mua 16n va gié manh 1a mdt nhiém vu uvu tién
va mang tinh toan ciu, thach thire ca cac qudc gia phat trién 1an dang phat trién.

Trong nhig thép ky gan day, T6 chirc Khi tuong Thé gisi (WMO) cung cac nha khoa
hoc quéc té di trién khai nhiéu hudng nghién ctru nham nang cao chét luong dy bao XTND.
Céc nghién ctru chu yéu tap trung vao ba hudng: du bao quy dao va ciu tric bo, du bao
cuong do va nang luong bao, cling nhu danh gia cac hé¢ qua cia XTND nhu mua 16n va giod
manh [1-4]. Pong hoa 5O liéu da dugce ap dung rong réi nham cai thién truong ban dau cta
mo hinh du béo, Von la yeu t6 quan trong quyét dinh chat lugng du bao s6 tri. Cac nghién
ctru d cho thay rang viéc két hop cac ngudn dir liéu quan tric phi truyen thong nhu radar, vé
tinh, va dinh vi sét vao qua trinh ddng hoa co6 thé cai thién dang ké chit lwong du bao [5, 6].
Céc k¥ thuat hién dai nhu bién phan ba chiéu (3DVAR), bién phan bén chiéu (4DVAR), va
loc Kalman t6 hop (EnKF) da ching minh hiéu qua trong nang cao du bao quy dao, cuong

Tap chi Khi tugng Thity vin 2025, 773, 31-39; doi:10.36335/VNJHM.2025(773).31-39  http://tapchikttv.vn/



Tap chi Khi twong Thuy van 2025, 773, 31-39; doi:10.36335/VNJHM.2025(773).31-39 32

d6 va cac hé qua cia XTND [7-9]. Nghién ctru [10] chi ra ring dong hoa cac s liéu ban kinh
gi6 va khi 4p myc bién cuyc tiéu da cai thién dang ké du bao quy dao bao Talas (2011). Tuong
tr, viéc dong hoa s liéu radar Doppler va sét da mang lai nhirng két qua vuot troi trong du
bao lugng mua va cuong d6 mua lon cho cac hé théng d6i luu manh [11-13].

K§ thuat ban dau héa xody ciing d3 duoc ap dung dé tai tao ciu trac va cuong do bao
thuc té hon trong cac mé hinh. Cac nghién ctru [14, 15] dd ching minh ring viéc chén cac
xody 1y twdng ba chiéu hodc xoay thuc nghiém vao trudng ban dau c6 thé cai thién dang ké
du bao quy dao va cudong do bao.

Gan day, cac k¥ thuat hoa hop (blending techniques) di dwoc nghién ctiru nhiam két hop
thong tin quy mé 16n tir cac mo hinh toan cau v6i thong tin quy mé nhé tao ra boi cac mod
hinh d6 phén giai cao [17-19]. Tai Dai Loan, cac ky thuat ndy di duoc tmg dung dé cai thién
chat lwong du bao quy dao va cudng do bio trén khu vuc Tay Béc Thai Binh Duong va Bién
Dong [16]. Cu thé, nghién ciru [20] chi ra rang viéc tich hop thong tin quy mé nhé tir mod
hinh WRF vdi truong phan tich toan cau tir GFS da cai thién dang ké chat lugng du bao bao.
Twong tu, tai chdu Au, cic nghién ctru [21, 22] d3 st dung bo loc khong gian gia ting dé két
hop phan tich quy mo 16n trt ECMWF véi cac truong quy mo nho tir HIRLAM. Phuong phap
nay da duogc trién khai tai Vién Khi twong Pan Mach tir nim 2006 va mang lai Kkét qua kha
quan trong viéc cai thién du bao [23]. Mic du da dat dugc nhing tién bo dang ké, viéc cai
thién chit luong truong ban dau trong md hinh du bao XTND van dbi mit v6i nhidu thach
thirc [24, 25]. Su thiéu hut thong tin quy mo 16n trong khoi tao cua cac mo hinh khu vyc l1a
mot tré ngai 16m, doi hoi cac nghién ctru tiép tuc tap trung vao viée két hop thong tin da quy
md dé nang cao do chinh xac ctia du bao.

Bai bao nay tap trung nghién ctru tmg dung k¥ thuat hoa hop nhim cai thién trudng ban
dau cho mo hinh WRF, véi muc tiéu nang cao chat lugng du béo bao trén Bién Dong.

2. So liéu sir dung va phwong phap nghién ciru
2.1. Thiét ké thi nghiém

M6 hinh WRF phién ban V4 dugc st dung voi ky thuat blending techinique voi hai
mién tinh, 46 phan giai 27 km, 9 km, 160x110, 124x208. S6 muc thang dung: 34, p_top:
5000. Budc thoi gian tich phan: 45s.

So db vi vat Iy mp_physics 7 | WRF Single-Moment 6-Class (WSM6) biéu kién bién trong mé dugc str
dung céc phan tich va dy bao thoi gian

Rapid Radiative Transfer Model
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cua JTWC (Joint Typhoon Warning Center) dung
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2.2. Phuong phap ki thudt hoa hop truong

Viée cai thién truong ban dau thong qua két hop thong tin truong quy mé 16n tir mé hinh
toan cau voi thong tin trudong quy mo nho tao ra bdi mo hinh d phan giai cao gitp cai thién
chat lugng du bao bao, dac bi¢t 1a cuong do bao va mua lon gay ra do bao.
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Hinh 1. Ky thuat xdy dung truong ban du tir mo hinh TWRF [12].

~ Ki thuat nay str dung phuong phéap cua Yang (2005), s dung phuong phép loc thdng
thap tiep tuyen bac 6 (low-pass filter) theo nghién cuu [26].
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Hinh 2. Bién d6 ciia bo phuong phap loc thong thap tiép tuyén 6 bac (low-pass filter) theo nghién
ctru [26] cho 300, 600, 1200, 1800 va 2400 km.

Str dung bo loc thong thdp (LPF: Low Pass Filter) dé tinh ctia céc truong co ban gio
(u_L,v_L), nhiét do the vi 6 L, ti sO xdo trdn hoi nudc y_L, khi ap bé mat p sL tir truong
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phong doan ban dau u, v, 0, y va ps voi didu kién nhiu dong c6 bude song nho hon 1200 km
trong pham vi 4000 km quanh tam XTND. Sau do, truong nhidu dong toan phan duoc tinh
bang hiéu sé giita trudng toan cau véi trudng mo phong cua WRF. Nghién ctru [20] thi loc
hi¢u qua song c¢6 bude song 1200km la phu hop nhat. Truong ban dau tai vi tri moi cua xoay
duoc tao ra trong module WRF-3DVAR, céc bién dich chuyén bao gdm gi6 (u_g, v_g), nhiét
d6 thé vi 0 g, ti s6 xao tron hoi nudc y_g, khi 4p bé mit p_sg dugc tinh theo cong thuc:
Ug=Uu—Ut+ug =u+ti
Vg =V—Vi+Vg =V+Y
B =0—0,+0q=6+0
Ye =Y~ Vet Yua =V +Y
Psg = Ps — Pst + Pstd = Ps + Ps
Trong d6 gié tri thay doi do dich chuyén xoay 1a:
U= Uug — U
V=vg—V;

é == etd - et
Y =Ytd — Yt
Ps = DPstd — Pst
Wertical Profile at 2013071206 UTC
(Typhoon SOULIK BY Skm grid)
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Hinh 3. So sanh céu tric 16i nong ciia bio Soulik gitra truong ban dau GFS va trudng ban dau mo
hinh TWRF (5km) dugc hoa hop, cho thiy 16i néng ciia bao trong TWRF cao hon han [20].

3. Két qua va thao luan

3.1. Két qua danh gid d¢ chinh xdc va kiém dinh thuc té

Nghién ctru dé chay thir nghiém cho 4 con béo trong mua bao nam 2023 théng qua so
sanh gitra phuong phap dong hoa (BLD_DA), khong dong hoa (CTL).

Bang 1. Danh sach céc con bao chay thu nghiém.

TT  Théang Tén qubc té S6 hiéu VN Pmin Vimax Bit diu Két thic
1 7 TALIM Bio s6 1 970 65 13h/15/7 13h/18/7
2 8 SAOLA Bio b 3 935 100 13h/24/8 22h/02/9
3 9 KOINU Bio s 4 940 90 01h/30/9 16h/09/10
4 10 SANBA Bio sb 5 1000 40 11h/18/10 10h/20/10

Véi bao TALIM, Phuong phap BLD_DA cho thdy kha ning du bao quy dao béo t6t hon
phuong phap CTL, déc biét la trong giai doan cudi. Puong du bao cua BLD_DA gén sat voi
quy dao thyc té hon.
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H:Inh 4. Két qua thir nghiém bao Talim: (a) Quy dao bdo va sai s6 du bao; (b) Dy bao ap suat cuc

tiéu tai tAm bdo; (c) Dy bao véan toc gid cuc dai Vimax; (d) M6 phong lugng mua tich 1y 24h.

Phuong phap BLD DA cho thay kha ning dy bao ap sudt cyc tiéu, van toc gié cuc dai
t6t hon phuong phap CTL. Pudng du bao cia BLD DA gan sat véi dudng thyc té (best
track) hon, dic biét 14 trong giai doan diu. Vé mé phong mua tich lily 24h, BLD DA c6 su
turong dong cao hon véi dit lidu vé tinh (GSMAP) so véi hinh anh CTL, cho thiy viéc dong
hoa dir lidu da gitip cai thién dang ké do chinh xac ctia m6 hinh. Khi tién hanh chay véi bao
Saola, bio Koinu va bdo Sanba ciing cho két qua twrong quan hoan toan tuong ty v4i bio
Talim.
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Hinh 5. Két qua thir nghiém bio Saola: (a) Quy dao bdo va sai s6 du bao; (b) Dy bao 4p suit cuc
tiéu tai tAm bdo; (c) Du bao van toc gid cuc dai Vmax; (d) M6 phong lugng mua tich 1ay 24h.
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Hinh 6. Két qua thir nghiém bio Koinu: (a) Quy dao bao va sai s6 du bao; (b) Du bao ap suét
cuc tiéu tai tAm bao; (¢) Du bao van toc gio cuc dai Vimax; (d) M6 phong lugng mua tich liy 24h.
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Hinh 7. Két qua thir nghiém bdo Sanba: (a) Quy dao bao va sai sé du bao; (b) Du bao ap suét cuc
tiéu tai tdm bao; (c) Du bao van toc gid cuc dai Vimax; (d) M6 phong lugng mua tich liy 24h.

Co thé thiy rang phuong phap BLD_DA (giéng hoa dir liu) cho két qua du bao tét hon
pl}u:ong phép CTL (khong dong hoa dir li€u) vé ca quy dao, van toc gio cuc dai, ap suat cuc
tiéu va luong mua cua bio.

4. Két luén

Két qua du bao thir nghiém va danh gia duoc thé qua chét luong mé phong du bao d6i
v6i 4 con bio hoat dong trén Bién Pong trong nam 2023 gdm Talim, Saola, Koinu va Sanba.
Pay déu 1a cac con bio khong do bo truc tiép vao Viét Nam ma chi anh hudng gian tiép, gay
mua 16n, gié manh hodc thoi tiét x4u trén bién.

a) Vé quy dao du bao

V6i moi con béo két qua danh gia c6 nhitng diém khac nhau. Véi Talim, sai sé du bao
quy dao ting dan theo han du bao, phuong an CTL (No-blending) ludn cho sai s6 nho hon
hoac bang phuong an Blending, sai s6 16n nhat khoang 300- 320 km ¢ han dy bao 60h, sai 5O
nho nhit 30-80 km ¢ nhitng thoi diém dau. Bio Saola, sai s6 du bao quy dao 16n nhit déu ¢
han du bao 20-40h trong d6 CTL cho sai s6 16n hon (120 km), trong khi Blending cho sai s6
khoang 80-100 km. Sai s6 ¢ cac han dy bao dau (dudi 20h) dao dong trong khoang 10-40 km
va hai phuong an cho sai s6 x4p xi nhau vé gia trl. O han du bao sau 48h, trong khi CTL cho
sai 86 giam thi Blending lai cho sai 5O ¢o chiéu hudng ting. Vi bio Koinu, phuong an CTL
cho sai s6 nhé hon tuy nhién ca hai phuong an chua du bao diing vé hudng di chuyén. Béo
Sanba, sai s6 tuy khong qua 16n nhung hudng di chuyén cta bio, ca hai phuong an déu khong
du bao tét.

b) Vé du bao cuong do

Két qua dy bao cudng do bao Talim cho thiy ca hai phuong an CTL va dong hoa
BlendingDA déu dy bao cuong do bio manh hon so vé6i thuc té (best-track). Sai sé khi ap
16n nhét & han dy bao 42h, khoang 25mb, nhin chung BlendingDA cho sai s6 Pmin 16n hon
CTL, tuy nhién hon ¢ mirc xap xi. Pi voi Saola, hai phuong an déu du bao cudng do bio
Saola yéu hon hon so véi thuc té & han du bao 36h, tir han du bao 36-48h, hai phuong an lai
cho két qua du bdo cuong d¢ bao manh hon thyc té. Ca hai phuong an déu cho sai s6 Pmin
kha twong dwong nhau, giam dan dén han du bao 36h, sau d6 ting. Vi bio Koinu, hai phuong
an CTL déu cho cudng do bio yéu hon thuc té. Gia tri sai s6 thé hién 16n nhat khoang 30mb
& han du bao 6h. Vi bio Sanba hai phuong an déu cho két qua kha tuong ddng, cuong do
manh hon thyc té trong 36h dau, c6 cuong do tuong duong tir 36-48h va c6 cuong do yéu
hon thuc té sau han 48h. CTL cho sai s6 nhé hon.
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¢) V& du bao gi6é manh

Véi bdo Talim, nhin chung truong hop CTL du bao Vmax 16n hon trudng hop dong hoa
BlendingDA ¢ han du b4o 18-42h. Sai s6 Vmax 16n nhat khoang 12 m/s ¢ han 18h theo CTL.
Vi bio Saola, hai phwong an cho két qua Vmax bao kha tuong dwong nhau vé gia tri, sai sd
Vmax tdng tir han 0-6h, sau d6 giam dan dén han 42h va lai ting nhe. Gi4 trj sai s 16n nhat
Xép xi 30 m/s & han 6h, va nhé nhit 1a dudi 5 m/s & han du béo 42h. Trong bao Koinu, hai
phuong an déu cho két qua dy bdo Vmax nho hon so vai thyce té & han du bao 30h dau, sau do
gan twong duong & han 30-36 ddi véi trudng hop BlendingDA, va thip hon thuc té ¢ trudong
hop CTL. Sai s du béo truong hop CTL ludn 16n hon so véi BlendingDA. Sai s6 Vmax 16n
nhat khoang 23 m/s & han dy bao 8h, va nho nhat, tir 1-5 m/s & han du bao 30-36h. Bao
Sanba, trong 12h d4u hai phuong 4n c6 sai s6 twong duong, ting theo han du bio. Tir 12-
36h, CTL cho sai s6 Vimax 16n hon khé nhiéu so voi BlendingDA. Tir 36-48h, hai phuong an
c6 sai sb tuong duong, gia trj sai s6 ting 1én 6-8 m/s rdi giam con 2-4 m/s.

DPong gop cua tac gia: Xay dung y twong nghién cru: N.T.B., T.B.K.; Xurly sd liéu: ND.N,,
T.D.T.; Viét ban thao bai bao: T.B.K.; Chinh stra bai bao: N.T.B.

Loi cam on: Nhom tac gia tran trong cam on sy hd tro cua Dé tai khoa hoc va cong ngh¢
“Nghién ctru tmg dung k¥ thuat hoa hop (blending techniques) két hop dong hoa dir liéu do
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Application of blending techniques to improve the initial
conditions for the wrf model in typhoon forecasting over the bien
dong sea

Nguyen Thanh Bang'*, Truong Ba Kien!, Nguyen Duc Nam?, Tran Duy Thuc!

! Vietnam institute of meteorology, Hydrology and Climate change;
bangnt29@gmail.com; kien.chg@gmail.com; ducnam.mi@gmail.com;
tranduythucl@gmail.com

Abstract: This study investigates the application of blending techniques to improve the
initial conditions for the WRF model in tropical cyclone forecasting over the South China
Sea, with experiments conducted on four typhoons in 2023 (Talim, Saola, Koinu, and Sanba).
Although these typhoons did not make direct landfall in Vietnam, they caused indirect
impacts such as heavy rainfall and strong winds offshore. For track forecasts, results show
that Typhoon Talim exhibited increasing errors with forecast lead time, with the control run
(CTL, no blending) outperforming the blending approach. The largest error reached 320 km
at the 60-hour lead time. For Typhoon Saola, the blending technique provided better forecasts
between 20-40 hours, while errors were comparable at other lead times. Typhoon Koinu
showed track errors in both methods, with CTL performing slightly better. Typhoon Sanba
had small track errors but exhibited significant direction inaccuracies. Regarding intensity
forecasts, both methods overestimated Typhoon Talim's strength, with the largest pressure
error reaching 25 mb at 42 hours, and the blending approach performing worse than CTL.
For Typhoon Saola, forecasts underestimated intensity at early lead times but overestimated
it between 36-48 hours, with similar errors in both methods. Typhoon Koinu was forecasted
to be weaker than observed, with the largest error of 30 mb at the 6-hour lead time. For
Typhoon Sanba, the forecast overestimated intensity during the first 36 hours but
underestimated it afterward, with CTL showing smaller errors. The blending technique
demonstrates potential for improving tropical cyclone track and intensity forecasts in specific
scenarios.

Keywords: Blending technique; Typhoon forecasting; WRF model.


mailto:ducnam.mi@gmail.com

N ,
TAP CHI ) § W) Check for updates
V. KHI TUQONG THUY VAN

Bai bdo khoa hoc

Nghién ctru tinh toan mirc d6 x6i 16 bo séng biang cong thire kinh
nghiém: Thi diém cho doan sdng Tién chiy qua huyén Cho Méi,
tinh An Giang
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Tém tat: An Giang 14 tinh thuoc ddu ngudn song Ciru Long, dugce danh gia 1 mot trong
nhiing tinh bi anh huong nghiém trong nhat do x6i 16 bd séng. Theo théng ké nam 2023,
toan tinh An Giang da xay ra 129 diém sat 16 bd song, kénh véi tong chidu dai khoang
6,7km. Hién nay, trudc dién bién ngay cang phirc tap cta bién doi khi hau cung voi su can
thi€p qua mirc ciia con nguoi vao dong chdy tu nhién, x6i 16 bo song da va dang trd thanh
méi de doa dén doi sdng ctia nguoi dan ¢ ddy. Trong cac nghién ctru dy béo, tinh toan mirc
d6 x0i, sat 1& by séng, co nhidu phuong phap duoc sir dung nhu 1a: phuong phap phan tich
tai liéu thyc do; mo hinh vat Iy; mo hinh toan; cong thire kinh nghiém. Trong do6 cong thirc
kinh nghiém dugc coi 1a phuong phap truyén thong va ciing d dugc sir dung tir 1au. Trong
nghién ctru nay st dung so6 li¢u thuc do mua 11 (thang 10/2024) va mua ki¢t (thang 6/2024)
va cong thure kinh nghiém dé tinh toan muc d6 xo6i 1o bd song chay qua doan Chg Méi tinh
An Giang. Két qua tinh toan theo cong thirc cho thiy co su phu hop nhét dinh véi két qua
thuc do, voi hé $6 twong quan la 0,87 va hé s6 Nash la 0,86, sai $6 tuong ddi dudi 10% la
70% mat cit tinh toan. Cho thdy kha ning c6 thé ap dung cong thirc kinh nghiém dé thiét
1ap hé sb va tinh toan cho cac ving khac thudc bd song Tién tinh An Giang noi riéng va ca
viing dong bang song Ctru Long ndi chung.

Tir khoa: An Giang; Cong thirc kinh nghiém tinh x6i 16; Hé s6 twong quan.

1. Mé dau

O hau hét tat ca cac con song trén luc dia, qué trinh bdi ling, x6i 16 xay ra mot cach ty
nhién va lién tyc. Qua trinh nay dac biét 1a X01 16 bo song, tré nén dang quan tam 1a khi no
gdy ra thiét hai vé dat dai, tai nguyén, tai san cua con nguoi. Thoi gian qua dé c6 rat nhidu
nha khoa hoc trén thé giéi nghién ctru vé hién tuong boi ling, x6i 16 ciia cac dong song, dic
biét la cac con sdng 16n voi hai hudng nghién ctru chinh 1a dia mao hoc dong soéng va su hiéu
biét cac co ché: x6i 19, van chuyén va boi lang cta bun cat .do dong chay trong song [1- 3]
Nghién ctru [4] da phat trién cac m6 hinh thyc nghiém bao gdm cac phan tich vé x6i mon nén
va vo bo bang cach st dung s6 liéu thuc do ciing nhu dit liéu qué kh. Nghién ctru nay bao
gom phan tich mo rong gitra timg bién do luong trong viéc biéu thi cac yéu té anh hudng dén
téc do x0i 10 bo song, phat trién cac md hinh dy doan theo kinh nghiém trong viéc dinh luong
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toc do x6i 16 bd séng bang cach sir dung phuong phap thong ké va cai thién hiéu suét du
doan. Nghién ctru nay két luan rang cac phuong trinh thyc nghiém dé phat trién sir dung phép
bién d6i logarit 1 cong cu du doan tbt nhét. Ngay nay, véi su phat trlen manh mé cua khoa
hoc ky thuat, cac nha khoa hoc trén thé gici van tiép tuc nghién ctu vé dong luc hoc dong
séng va chinh tri song, dac biét la anh huong cua cac cdng trinh trén song dén van dé dién
bién, xoi l¢ va bdi ling long dan [5]. |

O nudc ta, cac nghién ctru vé hoat dong x6i 16, bdi 14p 10ng bd song, bién ciing nhu cac
giai phap chinh tri song, bién dugc bit dau vao cudi nhitng nam 60 cua thé ky truée. O dong
bang song Cuu Long (DBSCL) dé c6 mét sO nghién ctru vé hién tuong x61 16 trong nhing
nam gan day. Nghién ctru [6] trong nghién ctru vé x6i cuc bd séng Tién tai Tan Chau di ly
giai vé co ché hinh thanh hd x6i cuc bd trén 1ong dan ty nhién, 13 hién tugng con it dugc
nghién ctru trén thé gi6i va trong nude. Dua trén co s 1y thuyét cua phép phan tich thu
nguyén, bang dinh 1y Releigh cling nhu dinh ly Buckingham (dinh ly n) va phén tich tinh
toan ap suét thuy dong cua dong chay tac dong vao bo dbc xdy dung duoc cong thic tong
quat xac dinh chiéu sau 16n nhét cua ho x61 cuc bo (Hmax) tai cac doan song c6 dong chu luu
XO ngang vao bo song, theo cac yeu t co ban ciia dong chay va long dan. Céc yeu t6 d6 bao
gom luu luong tao 10ng (Q), van téc tao long (V), ban kinh thay luc (R) ung véi muc nude
tao 10ng, tai doan soéng trudc hd x0i, goc cia hudng dong chu luu va bo song (B), hé s6 4o

dbc ctia bo song i va dudng kinh hat cat long dan trung binh (d) hodc van tdc cho phép khong
x01 cua long dan Vo. Cong thuc da thiét 1ap phan anh rd rang ban chat vat Iy cta hién tuong,
c6 tinh tong quat, c¢6 thé ap dung cho cac doan song bat ky ¢6 dong chu luu x6 ngang bo
song. Cac nghién ctru nay da chi ra mot 5O nguyén nhan chinh dan téi su gia ting x6i 16 tai
mot s6 diém trong khu vuc PBSCL, bao gdom: (i) su mat can bang tai luong bun cat trong
song va thay doi ché d6 dong chay do hoat dong nhan sinh va anh hudng cua bién dong moi
truong; (ii) tac dong ctia nudce bién dang va bién doi khi hau dén cac yéu t6 gay x6i 16. Tuy
nhién, nhirng nhén dinh trén van chi yéu mang tinh chét dinh tinh va vin dé dinh luong 1o
vai tro ctia tirng nguyén nhan va yéu t6 anh hudng tai cac diém x6i 16 trong diém va trén khu
vuc van chua duge 1am rd. Didu nay gay kho khian trong cong tic canh bao, dy bao va phong
chéng x6i 16 bo song trong viing.

Trong bdi canh cong nghiép hoa, hién dai héa hién nay, hé théng may tinh toc d6 cao
ngay cang phat trién cling V6i rat nhiéu nghién ctru cua cac nha khoa hoc trén thé gigi da
duogc giai quyét duoc cac Van dé lién quan dén sy van dong phu:c tap cua cac con song va
tram tich. Bén canh do, cac s6 liéu do dac ngoai hién truong ket hop véi cac nghién cuu bang
md hinh cling da va dang duoc thu thap dé nghién ciru mot s6 van dé chua dugc lam sang to
vé mit ly luan. Ngay nay, véi su phét trién manh mé caa khoa hoc k¥ thuat, dong luc hoc
dong song va chinh tri séng van dang duoc cac nha khoa hoc trén thé gidi quan tam, dac biét
Ia anh huong cia cac cong trinh trén séng dén van dé dién bién, xdi 16 va boi ling long dan
[7].

Van d& nghién ciru dién bién 1ong séng c6 thé tién hanh theo 4 phuwong phap sau: (1)
Phuong phap phan tich cac tai li¢u thuc do: St dung cac tai li¢u vé dja hinh, cac tai liéu
khong anh, vién tham, cac s liéu c6 duoc trong nhiéu nam tién hanh phan tich vi tri, quy
mo, toc do x0i, boi trén mit bang, trén mat cat doc, mat cat ngang, tim ra quy luat thong ké
va xu thé phat trién ciia doan song nghién ciru [8]; (2) Phuong phap mé hinh vat Iy: M6 phong
thu nho doan séng nghién ctru lai trong mét khu vyc co trang thiét bi thi nghiém, tai dlen
dong chay trong séng thién nhién theo cac dinh luat tuong tu dé quan sat, do dac va tir cc sd
liu do dac tim ra quy luat dién bién ctia doan song [9]; (3) Phuong phap mé hinh toan: Dua
vao cac h¢ phuong trinh toan 1y mo ta quy luat ciia dong chay va bun cat tai doan song nghién
clru, xac dinh cac diéu kién bién, diéu kién ban dau hop 1y, tim cac 10i giai tich, 10i giai so tri
cho cac van dé nghién ciru [10-16]; (4) Phuong phép cong thire kinh nghiém: Su dung céc
cong thie kinh nghiém dé tinh toan dién bién 1ong dan. Phuong phép nay thuong dugc ap
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dung trong cac trudong hop tinh toan don gian hodc gap kho khan cho viée giai bang phuong
phap mo6 hinh sb tri do khong du hodc s liéu [10, 16-21].

Trong linh vuc nghién ciu dign bién 1ong séng hién nay van con ton tai mot s6 van dé
ma ca md hinh toan va mé hinh vat 1y déu chua giai quyét dugc, d6 1a viéc nghién ciu van
dua trén co s¢ cac cong thirc kinh nghiém da dugc xay dung tai mot s6 nude nhu cong thic
Kickin-Wason cua Canada, Popdp, Thadzade cua Lién X6.. . Bidu d6 chung to rang viéc
nghién cuu dlen blen bdi lang, x6i 1o long dan van con 1a mot mon khoa hoc k§ thuat mei,
con nhiéu van dé can nghién ctru tiép va van can tiép tuc nghién ctru phat trién. Nhing nghién
ctu bién hinh 1ong dan bang mé hinh vat 1y da thuc hién dwgc nhitng tiéu chuin twong tu
kho, trén co s& xay dung mé hinh 1ong dong véi cac chat liéu md phong bun cat day, bun cat
lo ltmg dam bao d6 chinh xéac cao [10]. Nghién ctru nay thuc hién viéc ap dung sé liéu thuc
do va cong thuc kinh nghiém dé tinh todn mie d6 x6i 16 bd séng & doan séng chay qua huyén
Chog Moi tinh An Giang.

2. Dir liéu va Phuwong phap nghién ciru

2.1. Gidi thiéu khu viec nghién citu " i_

——r—

An Giang c6 hé thong séng kénh % i
rach day dac, c6 nhitng dong thuy luu SO
chinh v rit quan trong. Cac song kénh ety A\ bvreo | 1\
chinh nay dang c6 nhiing bién chuyén |- . - WA
long séng gay ra hién tugng xam thyc NS S
va x6i 16 dét by song phuc tap, lam AT o
mat hang chuc ha dat moi ndm, gy ra /AN W Y
cac hau qua 16n ve tinh mang va tai san /3% ‘
tai cac khu vyc kinh té, dan cu ven =0 \'
song. Trong nhitng nim gan day, dudi _ |
cac tac dong bat lgi ngay cang gia tang L bl e o

- e
CHUDAN ) Y e o f xlvN ¥

ctia ché do dong chay ciing nhu cac | Sul™ K.
hoat dong cua con nguoi, X0i 16 by [ o= e

sOng ngay cang dién bién phuc tap va . LA e

tan suat xdy ranhiéuhon va van dénay | ~ oo winewa

s& con nghiém trong hon trong twong | =
lai do 4nh huong ciia bién doi khi hau
va tac dong tir phat trién thuong ngudn
[5, 22].

Hién nay, bo séng tlep tuc dién ra xam thyc kha manh va phire tap. Mirc d6 manh dan tir
thuong nguén vé ha ngudn, nhat 1a tir doan giita xa vé phia ha ngudn, day la doan x6i 10 dién
bién nhanh va manh. Trong s 65 xi ven song Tién, song Hau thugce tinh An Giang, hién c6
33 khu vuc x06i1 16 bo song (14 khu vuc ven song Tién va 19 khu vuc ven song Hau). Doc
theo cac doan x6i 16 hién c6 31 khu dan cu, véi 13.837 hg dan, khoang 60.752 ngudi dan
dang sinh sdng [1, 2]. Huyén Cho M&i ¢6 cac khu vuc chiu anh hudng x6i 16 bo song 16n
nhét 1a phan hudng song Hau va phan séng Vam Nao (ndi séng Tién va song Hau) véi khoang
80 ho dan thudc khu vuec My Hoi Pong, Long Pién A. Vi vy, nghién ctru tinh toan mirc do
x01 16 bo s6ng nham han ché nhing tic dong c6 hai dén doi sdng clia nguoi dan 14 thyuc su
can thiét.

\ HUYEN . & -
L CHAU PHL ¥ 1T O M i

73 “A HUYEN A
SCHOMOL | T MyLaog

HUYEN =
CHAUTHANH - {

Hinh 1. Ban d6 tinh An Giang

2.2. Dir liéu nghién ciru

- Tai liéu dia hinh long song: Hé thong dia hinh mit cit ngang dugc khao sat hai dot vao
mua i (thang 1 9/2024) va mua kiét (thdng 6/2024). Hai dot do dugc thyc hién tai cing mot
vi tri va dung dé so sanh sy khac nhau gitra hai dot do.
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- Tai li¢u Thuy van: van tdc thuc do trén tung thuy truc mat cit ngang va van tbe tai vi
tri thity truc siu nhit trén mat cat ngang tir thang 6/2024 dén thang 10/2024.

- Téc d6 khoi dong ctia hat bun cat & An Giang duoc lay theo [10].

- Tai liéu myuc nudc gio va muc nudc 1on nhat duge st dung va thu thap tur tram thay
van Cho Mdi (do muc nude giod) gan doan song nghién ctru tir thang 6/2024 dén thang
10/2024.

2.3. Phwong phap nghién ciru

Long dan va dong nudc chay trén né 14 hai yéu t6 co ban cau thanh mot dong song. Hai
yéu té nay khong ngimg tac dong 14n nhau, thong qua luc co hoc, 1y hoc, hoa hoc va luén
thay d6i theo khong gian 1an thoi gian. Duéi tac dong ctia dong nude long din b thay dbi vé
hinh dang kich thué6ce, d6 16n, ngugc lai sau khi long dan da thay d6i lai c6 tac dong trd lai
dong nudc lam thay dbi trang thai, két ciu cia dong nudc... Diéu nay chung to rang hién
tugng x6i boi bién hinh 1ong dan song 1a mot hién twong ty nhién ma nguyén nhan chinh la
do sy tac dong qua lai khong ngung gitra dong chay va long dan. Xéc dinh téc d6 x6i 16 b
song thyc chat 1a xac dinh téc d6 bién hinh ngang cua 1ong séng, dudi tac dung chinh cua cac
luc thity dong luc hoc, két qua 1a kh01 dat bo song mét on dinh, sup d6 xuong song. Cac nha
khoa hoc trén thé gidi da chi ra rang téc do x6i 16 bo séng phu thudc vao rat nhiéu yéu t6,
nhung ba yéu té chinh cn duoc quan tim dic biét d6 1a: dong chay, hinh dang long din va
tinh 6n dinh cta long din tai d6. Vi tinh phirc tap cia dong chay, tinh da dang cua 1ong dan,
tinh nhidu vé ctia dat bo song da dan dén cach danh gid, hinh thirc biéu thi rit khac nhau vé
cac yéu t6 nay trong cong thic kinh nghiém ctia cac tac gia. Theo cac nghién ctu [10, 17,
22], tde d6 x6i 16 ngang ctia doan song cong phu thude vao luu lugng dong chay Q, ban kinh
cong R ciia doan song dang xét, chidu rong 10ng song B va hé s6 6n dinh cua dit bo .

B, =f(Q%,y] @

Trong d6 By la tbc d6 xo6i ngang ctia miat cit (mm/nam); Q 1a luu luong dong chay qua
mat cit ngang (m3/s) R 12 ban kinh cong cua doan song dang xét (m); B 1a d6 rong mat cit
(m); y 1a hé so on dinh cua bo séng.

Trong cac nghién ctru ctia Popdp, nghién ciru [22, 23] ciing dé cap t6i ba yéu t6 chinh
néu trén trong cong thirc kinh nghiém tinh toc d6 x6i 16 bd séng clia minh. Cong thire déu co

dang chung:
B
B, =oc><F H, ..—H @)
LxT| H,

ax

Trong d6 Bxi 14 toc d6 x6i 10 ngang (m/nam) tai mat cat i; F 1a dién tich khéi dat bo xo6i
10 trong khoang thoi gian T nam (m? ); L 14 chiéu dai duong bo sat 10 ciia timng giai doan (m);
T 1a thoi gian x6i 10 (ndm); Hmaxi 14 d0 sdu 16n nhat tai mat cat tinh toan thir i (m); Hmax 12 do
sau 16n nhat ctia doan x6i 1& nghién ctru (m); H 1a d6 sau on dinh (tai mat cat qué d9) (m); a,
B 1a cac h¢ sb thuc nghiém.

Nhin chung céc cong thirc kinh nghiém ctia cac tac gia néu trén déu c6 kha nang ap dung
tinh toc d6 x6i 16 boy song Ciru Long néi chung va tinh An Giang noi riéng, khi xac dinh duoc
cac hé sb thuc nghi¢m tur tai li¢u thuc do tai vi tri xem xét. Tuy vay, khi &p dung nhiing cong
thirc ndy vao cac vi tri cu thé s& c6 sai sd cao va cac cong thirc chwa dé cap téi kha nang va
thoi gian duy tri kha nang cuia dong chay gay ra x61 1& bo song.

Khao sat thyc té cho thay dai lugng LFT trong cong thirc P6Pp quan hé kha chit ché
X

v6i tich sb giita kha nang va thoi gian duy tri kha ning cia dong chay gy xo6i 10. Boi vay,

trong nghién ctru nay da thay dai lugng trong (2) bang dai luong AVi, AT [10].

X



Tap chi Khi twong Thity van 2025, 773, 40-49; doi:10.36335/VNIJHM.2025(773).40-49 44

Nhu vay cong thire kinh nghiém dugc dé xut co dang:

B
H . —-H
=Bx(AV, xAT, )" x| —md— A3)
H..,—H

Trong d6 AV, =V, —[V] ,; AVila s gia vén toc, bleu thi kha ning dong chdy giy x6i
long dan tai mat cat tht i; Vi 1a vén tde trung binh tai mat cit thir i (m/s); [V]kd 1a van tde
khai dong cua vat liéu cau tao 1ong dan; AT 1a thoi gian duy tri van toc dong chay c6 van toc
16mn hon van toc khdi dong cua vat li€u cau tao long dan tai mat cat thir i; o, y, B 1a cac hé s6
thuc nghiém, dugc xac dinh trén co sd tai liéu thuc do nhiéu nam.

Cong thuc (3), bao ham 3 h¢ s6 thyc nghi¢m can xac dinh a, v, B, voi cach tinh thong
thuong khoé khan dé tinh toan, vi thé cong thirc sé dugc viét dudi mot dang khac:

B
B, :ocx{(AVi xAT,)" {M} 4)

Trong don = 1. Véi cach viét biéu thirc duéi dang (4), hai hé s6 thuc nghiém a, B sé

duogc xac dinh theo phuong phap sai sd binh phuong trung binh nho nhéat khi n cho truéc.
Ung v6i mdi tri s6 n cho trude s& xac dinh duge hé sd twong quan giira chiéu rong xo6i
ngang Byi tinh todn trong cac giai doan tinh.

n |H_.—H
X =(AV x AT, ) x| /= 5
i ( i |) |: Hmax _ H :| ( )
Hai hé s§ thl_I’C’ nghiém can x4c dinh 13 hai hé sb tuong ung vai truong hop hé sb tuong
quan 16n nhat. Thi€t 1ap cong thirc tinh x6i 1¢ cho khu vuc & Chg Mdi, An Giang nhu sau:

AH = Mo =1 (6)
H..—H
Cong thuc (5) tro thanh:
X, =(AV, xAT,)" x AH @)
Cong thuc (3) tro thanh:
B, =axX] (8)

Dya vao két qua thir dan gié tri Xi so sanh véi By thuc do dé xay dung bo gia tri d6i véi
o va 3 cho ting mat cit va ting thoi doan khac nhau cta doan song tinh toan. Gia tri [V]d
dugc lay dong nhat cho moi mat cat va bang 0,41 m/s [10].

3. Két qua nghién ciru va thao luin

Vi ngudn tai liéu thuc do trén 6 mat cat tai khu vuc x6i 16 bo song doan Cho Méi nhu
Bang 1. Cho truéc mat tri s6 n, khi d6 ta s& cham duogc cac diém thuc nghiém thé hién quan
hé gitra chiéu rong x06i ngang Bxi thuc do v6i dai lugng X, tir do xac dinh dugc cap he s6 thuc
nghlem a, B va hé s6 twong quan twong tng theo phuong phap sai sO b1nh phuong trung b1nh
nho nhit (Hinh 3-5).

Bang 1. S liéu thyc do trén ting mat cét

MC tinh Bau  AVAT  AH

@) (3) (4) ®)
46,67 29304 159
2052 3.1824 1,00
3062 28386 1723
36,29 26982 154
36,31 25254 1,36
4551 22212 191

o0k, wWwN -

Hinh 2. Vi tri cac mit cét trong khu vuc tinh toan.
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QUAN HE GIUA Bxi - X UNG VOI n=0,1 QUAN HE GIUA Bxi - X UNG VOI n =0,2
60 60
50 50
_ —~ 40
Bl g
= 30 Bxi =7,8106x1,3174 % 30 Bxi= 2,4371x1,3814
E 20 Ro = 0,8832 & 20 RO = 0,8885
10 10
0 0
2.0 25 3.0 35 40 x 45 40 50 60 70 80 90 100
Hinh 3. Quan hé By va X tmg véin=0,1van=0,2.
QUAN HE GIUA Bxi - X UNG VOIn = 0,3 QUAN HE GIUA Bxi - X UNG VOI n=0,4
60 60
50 50
_40 ~ 40
£ £ _
230 Bxi=06848x1,4467  E 30 Bxi =0.1736x1.512
Z 00 8bLs = RO = 0,8902
M 20 == N
10 10
0 0
10.0 12.0 14.0 16.0 180 x 20.0 20.0 25.0 30.0 35.0 400 X 450
Hinh 4. Quan hé By va X ing véin=0,3van =0,4.
60 QUAN HE GIUA Bxi - X UNG VOIn=0,5 5 QUAN HE GIUA Bxi - X UNG VOI n = 0,6
50 40
.40 _
E E 30
g0 Bxi = 0,04x1,5753 2 Bxi = 0,0085x1,6343
A 59 RO =0,8846 & 20 RO =0,8732
10 10
0 0
50.0 60.0 70.0 80.0 9.0 x 1000 1200 140.0 160.0 180.0 X 200.0

Hinh 5. Quan hé By va X tng véin =0,5van =0,6.

Tuong tu nhu vay, nghién ctu tinh todn cho cac gia tri n = 0,1 dén n = 0,9 va c6 dugc
ket qua hé so twong quan 16n nhat R, dugc thé hién trong bang 2.

Bang 2. Cac hé s6 thuc nghiém Gng vai cac gid tri n.

n o B Ro Ghi chu
0.1 7,8106 13174 0,8832
0.2 24371 1,3814 0,8885
03 0,6848 14467 080111  luwomgquanlén
nhat
0.4 0,1736 1512 0,8902
05 0,04 15753 0,8846
0,6 0,0085 16343 0,8732
07 0,0017 1,6854 0,8547
0.8 0,0004 1,7246 0,8276

0,9 0,00008 1,7473 0,791
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BIEU PO QUAN HE GIUA Ro VA n

1
o
@
0.9 0.8832 0.89111 0.8846
0.8885 0.8902 0.8547
0.8732 0.8276

08 0.791
07

0 0.2 0.4 06 08 N1

Hinh 6. Quan hé gilra R, va n.
an biéu d6 v& duoc ta c6 n = 0,3 dat hé S,(A') tuong quan gifra hai dgi lrong xem xét la
I6n nhat. Nhu vay cong thic kinh nghiém tinh toc do x06i 16 bo toi vu nhat cho khu vuc doan
Chg Méi ¢ dang:
H B H 1,4467
B, =0,68681(AVxAT)"”| —mai _ (10)
H,..—H
Viét lai cong thirc véin =0,3:

B,; =0,6868x(AVx AT)™ " x AH“ (11)

Biéu d6 twong quan giira B, va B,

Btt
w
S

20 25 30 35 40 45 Btd 50

Hinh 7. Tuong quan giita tbc d6 x6i 16 bo thuc do va tinh toan giira hai dot khao sat nam 2024.

Nghiém chung lai két qua tinh toan cho thay hé sé twong quan kha cao R? = 0,87 va hé
s0 Nash dat 0,86. Sai sb giita chiéu rong x6i 16 tinh toan va thuc do nho hon 10%. Két qua
nay cho thay c6 thé ap dung cong thirc kinh nghiém (11) dé tinh toan muc do x6i 16 bo séng
¢ cac doan song Tién thudc tinh An Giang.

4. Két luan

Nghién ctru dd xac dinh dugc cong thire kinh nghiém va tinh toan téc do x6i 16 bd doan
séng Tién chay qua Chg Méi tinh An Giang, két qua budc dau 1a kha tdt, véi sai s6 nho hon
10%. Piéu nay phan nao cho thiy cé thé &p dung cong thiic kinh nghiém dé tinh toan mirc
d6 x0i 16 bor séng & cac khu vuc khéc thude doan séng Tién tinh An Giang. Cong thac da xét
dén céc yéu td chi yéu gay ra x6i o bo song, d6 1a van toc dong chay, thoi gian duy tri kha
nang gay x0i 16 bo, méc du vay do ngudn tai liéu khong dai, chua chi tiét va thiéu su dong
bo do d6 cong thirc van chua xét dén mot yéu td ¢ anh huong 16n t6i toe do x6i 16 bo d6 1a
hudng dong chay tac dung vao bo. Luu ¥, khi sir dung cdng thirc dé du bao x6i 1& bd trong
tuong lai can phai c6 tai liéu du bao muc nudc dai han & cac tram thuong luu va tram 1an can
khu vuc nghién cttu. Hon nita, can phai c6 s6 liéu khao sét & nhiéu nim, twong tng véi nhiing
nam nudéc 16n/nhod khac nhau dé 1am sang té hon viéc ap dung cong thirc. Trong khi d6, trong
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khuon khé cia nghién cau ndy, ciing nhu gisi han kinh phi khao sat nén két qua nay ciing
dirng lai & mtrc tham khao va can nghién ciiu tinh todn voi cac chudi dit liéu dai hon. Nhitng
han ché nay s& duoc cai tién trong cac nghién ctru sau. Hon nita, cong thirc can duoc chung
minh & nhimg doan sdng khac, c6 tinh chat dong chay khac nhau dé lam minh chtng cho do
tin cay cua phuong phap nay.

Dong gop cua tac gia: Xay dung nghién ctru y tuong: C.T.V., P.T.T.D.; phuong phap nghién
cau: C.T.V,; P.T.T.D., L. V.N,; Xt 1y s0 liéu: N.H.T., N.C.T.,, N.-T.T., L.V.N,, P.T.T.D.; Viéet
ban thao: P.T.T.D.; Chinh stra bao cao: C.T.V.

Loi cam on: Két qua nghién ciru nay dugc hd tro boi dé tai khoa hoc va cong nghé cép tinh
An Giang 2024 “Nghién ciru xay dung thir nghiém hé théng canh bao sdm nguy co sat 16 do
hién tuong thoi tiét cuc doan trén nén tang tri tué nhan tao”.

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 ctu trude day;
khong c6 su tranh chap loi ich trong nhom tac gia.
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Researching the level of riverbank erosion using an empirical
formula: A case study at Tien river section in Cho Moi, An Giang
province
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Abstract: An Giang is a province at the headwaters of the Mekong River, is considered one
of the localities most seriously affected by riverbank erosion. In 2023, the entire An Giang
province had 129 landslides, subsidence, and land cracks on river banks, canals, and creeks,
with a total length of 6,764 m. Currently, climate change is increasingly complicated, along
with excessive human intervention in nature, which are the causes of riverbank erosion and
have been and are a threat to the lives of people here. In studies predicting river bank erosion,
there are many methods used such as: analysis of measured data; physical model;
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mathematical model; experience formula. This study uses field-measured data in the flood
season (October 2024) and dry season (June 2024) and empirical formulas to estimate the
riverbank erosion rate along the section passing through Cho Moi District, An Giang
Province. The calculation results according to the formula and the actual measurements show
that there is a certain agreement with the correlation coefficient of 0.86 and the Nash
coefficient of 0.86, relative error less than 10% is 70% of calculated cross-section. Shows the
ability to apply empirical formulas to establish coefficients and calculations for other regions
on the banks of the Tien River, An Giang province in particular and the Mekong Delta in
general.

Keywords: An Giang; Empirical formulas to estimate the riverbank erosion; Correlation
coefficient.
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Tém tit: Cong tac chong that thoat nude tai Cong ty cd phan cap nude Tan Hoa hién nay
van con mang tinh bi dong, chua van dung tot cong nghé cling nhu quy trinh chéng that
thoat nudc, chua phat huy hét kha nang giam that thoat nude ctia don vi. Vi vay, nghién ciru
nay thuc hién nham mang lai hi¢u qua kinh té, wéc tinh mirc nude that thoat kinh té (ELL)
dé o thé giam that thoat nuéc dén mirc ma chi phi giam that thoat nudc bang voi gia tri ciia
luong nude tiét kiém duoc gop phan bao v€ ngudn nude va moi trudng. Nghién ciru da img
dung thanh c6ng m6 hinh Epanet dé mo phong va phan tich thuy lwc mang luoi cap nudc.
Két qua ctia md hinh 13 co s¢ dé phan tich, danh gia cac yéu t6 Ve luu luong, ap luc, cling
nhu phan tich higu qué trong hoat dong kiém soat ro ri mang ludi cap nuéc chi dong, khoanh
vung 1o i cho khu vuc thi diém va dua ra cac bai toan dé phan tich danh gia khi ap dung
vao thuce té nhanh chong phat hién kiém soat thuy Iyc lién tuc cac nguy co 10 ri trén mang
luoi cap nudc 24/7. Két qua nghién ctru nay dugc tmg dung rong réi s€ giup cho cac don vi
cap nudc giam that thoat nudc bén vimg mot cach hidu qua.

Tir khéa: Giam that thoat nudc; Nudc that thoat kinh té (ELL); Cong ty cap nudc Tan Hoa.

1. Mé dau

Hién nay, ty 1¢ that thoat nuéc (TTN) tai Cong ty cd phan cip nudc (CPCN) Tan Hoa
khoang 19,5% (nam 2019), twong Gmg luong nudce that thoat khoang 33.000 ms/ngay, tuong
duong 306 triéu dong/ngay. Néu giam ty 1¢ TTN hang thang xudng 12% thi moi ngay don vi
s& tiét kiém duoc 117 triéu ddng. Vi vay, viéc thuc hién nghién ctru nay la rat can thlet _mang
lai hiu qua kinh té nham giam TTN trong h¢ thong phan phdi nuéc. TTN 1a mot van dé dang
rat duoc quan tam d6i v6i cac cong ty cap nude, nd anh hudng dén hé thong MLCN, gay thit
thoat lugng nudc sach sau xur Iy va anh huong t6i chat luong ciing nhur  s6 lugng nude sach
t61 nguoi dan. Nghién ctiru vé 10 ri trén MLCN ¢ Viét Nam trong nhitng nam gan day di duoc
thyc hién. Nghién ctru [1] dd dua ra cac giai phap khac nhau dé giam TTN trén dia ban Thao
Pién, Quan 2 (TP.HCM), dong thoi tién hanh danh gia giai phap thich hop nhat déi v6i khu
vue nghién ctru. Nghién ctru [2] da du bao kha nang r6 ri trén MLCN bang mot s6 k¥ thuat
hoc méy cho hé théng cap nuéc Trung An (TP.HCM), két qua cho thdy mé hinh CatBoost
cho hiéu qua du doan s6 luong diém o ri trén mang ludi 14 tot nhat. Ngoai ra, con c6 mot sd
nghién ctru str dung céac coéng cu dé quan Iy MLCN [3-5].

Trén thé gioi, nhiéu nhém tac gia di két hop nhiéu phuong phap dé danh gia hiu qua
cac bién phap nham phat hién diém ro ri, nghién ctru [ ] da nghién ctru mdi quan hé gilia
hinh dang diém ro ri véi luu lugng va ap luc, tic gia tién hanh thi nghiém dé xac dinh mbi
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quan hé gifta ap luc va luu luong 10 ri. Dua trén mo phong theo thoi gian cia phan mém
Epanet, nghién ctru [7] d& xuat mot cach thirc xdy dung mé hinh ro ri, tac gia tim mdi lién hé
giita cac yéu to: nhu céu dung nudce, lugng nudce ro ri va hiéu qua cua cong tac quan ly ap
lwc. Nghién ctru [8] tién hanh dénh gi4 lwong nuge that thoat trén DMA bang phuong phap
bottom-up dua vao viéc phan tich Iuu luong t6i thiéu ban dém, dong thoi két hop véi mod
phong thily luc xac dinh luong nude that thoat [8]. Ngoai ra, con ¢6 cac nghién ciru khac [9—
16]

Viéc kiém soat dugc 1o i TTN thudng phai 6 chi phi du tu rat 16n nén cac cong ty cip
nuée thudng phai can dbi giira chi phi dau tu va loi ich kinh té mang lai tir viéc giam ty 16
TTN. Do do, viéc xac dinh lugng nude thit thoat kinh t& (ELL) 1a rét can thiét. Viéc tinh toan
chi sb ELL da duoc nhiéu nghién ctru thyc hién voi cac phuong phap khac nhau phu thude
chu yéu vao ty 1¢ sin c6 va chi tiét ciia dit liéu kiém toan nudc tai cac cong ty cap nudc.
Nghién ctru tinh todn xéc dinh ELL bit dau duoc thuc hién tir thap nién 1990s. Nam 2005,
Lambert va Fantozzi d4 phat trién cong thirc cho tin suét can thiép kinh té dya trén khai niém
ty 1€ tu nhién cua sy gia tang ro ri khong duoc bao cao [17]. Trong nhitng nim gan day, da
c6 mot s6 nghién ctru tinh toan ELL dya vao phuong phép chi phi cén bién [18-22]. Tuy
nhién, c6 mot so nghlen ctru xac dinh gia tri kinh té nhat cho tong ton that (ton that thyc va
bicu k1en) dugc goi 14 ty 18 ton that nudc kinh t& (ELWL), sir dung phuong phap tinh hiéu
qua vé chi phi [23, 24]. Mot vai nghlen ctru khac da tinh toan ty 18 thiét hai kinh té o rang
(ELAL), nhung chi giéi han trong viéc tinh todn tin suat thay thé toi wu ctia dong ho nudc
[25].

Hién nay, hau hét cac cong ty dang gép kho khan trong viéc xac dinh ELL. Mot sO cong
ty da bét dau tinh toan so bo chi s6 ELL dya trén sb licu kiém toan nudc rat han ché. Do vay,
két qua tinh toan chua thuc sy sat véi gia tri thuc té cua cac cong ty. Qua tong quan cac
nghién ciru cho thy viéc ting cuong dau tur cai tao nang cap hé théng cing vai cac giai phap
quan ly ro ri TTN tai cac cong ty cap nudc hién nay dé c6 thé _giam ty 1¢ TTN xudng thap
hon 12-18%. Tuy nhién, mot diéu dé nhan thiy d6 1a chi phi dau tu cang 16n thi lugng tién
thu dugce tir viée giam ty 16 TTN lai giam. Do vay, cau hoi dat ra la cac cong ty cap nudc s&
chip nhan & ty 1& hay mirc TTN nao ma ¢ d6 chi phi dau tu giam TTN dung bang gia tri ma
luong nude giam that thu dem lai. Viéc xac dinh dugc ELL ¢ y nghia rat quan trong d6i voi
cong tac quan ly van hanh hi¢u qua MLCN, ddc biét 1a tranh dugc nhiing dau tu khong can
thiét cho cong tac giam nuéc khong doanh thu.

2. Dir liéu va phuwong phap nghién ciru

2.1. Gioi thiéu khu viec nghién cuu

bia ban Cong ty CPCN Tan Hoa quén 1y bao
gdém: quan Tan Binh (15 phudng), quan Tan Phu
(10 phuong) cé tong dién tich 1a 38,38 km? (Hinh |
1). Cong ty CPCN Tan Hoa dang quan Iy va phan
phdi nudc sach tir ngudn cung cap tir 04 nha may
nuéc (NMN) gdm 03 NMN khai thac ngudn
nudc mat (NMN Téan Hi¢p, NMN Kénh Dong va
NMN BOO Thi Pirc) va NMN ngam Téan Phu. o
Tinh hinh cip nudc tai dia ban dugc thé hién qua  Hinh 1. Ban do tong the khu vuc nghién ciu.
céc chi so:

Téng chiéu dai mang lu6i duong 6 ong cap 3:840.421 km; S6 lwong dau ndi dich vu trong
vung: 147.784 d4u ndi; Thoi gian cung cip dich vu cip nude: 24/24 gio; Luong nude cung
cap binh quan: 171.066 m3/ngay; Luong nudce tidu thu binh quan: 131.756 m3/ngay; Luong
nude that thoat binh quan: 39.309 m®/ngay; Ty 1€ that thoat nudc trung binh (NRW): 22,98%.
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Hién nay, cong tac quan ly MLCN trén cac phan mém Autocad, GIS, Billing,.. nham
theo ddi dong hd khach hang, tuy nhién, nhin chung céng cu quan ly MLCN con nhiéu bat
cap, dir liéu con thiéu. Dé cong tic quan Iy mang lu6i duge t6t can phai xay dung hé thong
quan 1y thong nhat chinh x4c dap ung duogc yéu cau sir dung hién nay. Cong tac van hanh
mang luéi duong 6ng va cac cong trinh thiét bi trén d6 dugc thyc hién bang cach thuong
xuyén kiém tra va stra chira theo ké hoach da vach sén dé phat hién kip thoi cac thiét bi khong
dap tng duoc diéu kién khai thac binh thudng va c6 bién phap stra chita. Tuy nhién, cong tac
van hanh stra chtra hé théng MLCN con nhiéu bat cap va han ché anh huong toi chét luong
dich vu cip nuéc. Thoi gian sira chita con cham gay ra TTN. Nhiéu thiét bi c6 trén mang ludi
it dwoc van hanh tir d6 dan dén thoi gian st dung ngdn va gay hu hong trén MLCN.

2.2. Co so dir lieu khu viec nghién curu
2.2.1. Thong tin dit liéu vé mang ludi cap nudc

Cong ty CPCN Tan Hoa hién quan 1y 92 DMA, tong s van hién hitu 13 6.956 van, bao
gom nhiéu loai van véi cac chiic ning va cong dung khac nhau. Cong ty CPCN Tan Hoa
dang quan 1y s6 luong d4u nbi khach hang kha 16n nhung san luong nude tiéu thy lai khong
cao do da s6 khach hang van con sir dung song song 02 nguén nudc (nudc giéng khoan va
nude may). Tong s6 giéng khoan trén dia ban quéan 1y 1a 37.767 cai, chiém 26,12% tong s6
dau ndi khach hang. S6 lugng déu ndi cé lugng nude tiéu thu hang thang tir 0 dén 4 m® 1a
22.922 dau nbi, chiém 18,68% tong sb dau ndi [26].

Bang 1. Co cau khach hang sir dung nudc.

Hanh chinh sw Sén

Noi dung Ponvi  Sinh hoat " £ Dichvu  Tong cong
nghiép xuat
San luong tiéu thy m?  3.355.397 322.558 9.693  78.814 3.766.462
S6 lugng dau ndi Paundi  142.138 1.341 40 840 144.359

Ty trong theo san

. % 89,09 8,56 0,26 2,09 100
lugng tiéu thu

2.2.2. Thong tin dif liéu vé khach hang

Dia ban quan 1y ciia cong ty rong, hién tai dang quan 1y 144.359 ddng ho khach hang
bao gém nhiéu loai dong hd nudc khac nhau, khach hang phan bd chu yéu ¢ khu vie quan
Tan Binh (53,2%) va quan Téan Phu (46,8%). Trong cong tac quan 1y, khach hang dugc chia
thanh cac loai dbi twong str dung nudc khac nhau bao gém: d6i tugng sir dung nuée cho sinh
hoat, san xuét, kinh doanh, hanh chinh sy nghiép. Trong cong tac quan ly dir liéu thong tin
vé khach hang dugc quan Iy theo ting khu vyre, moi khach hang s€ dugc danh s6 danh bo,
v6i s6 danh bo nay viéc quan 1y tot hon.

2.3. Gioi thieu mo hinh thuy lyc Epanet

Hién nay, mot s6 phin mém dung cho tinh toan thuy lyc cho mang luéi cip nuéc dang
duoc str dung nhu: Epanet, WaterCAD, WaterGEMS, H2ZOMAP Water, ...Trong do, phén
mém Epanet 1a mdt trong nhiing phin mém mé phong thiy luc cho MLCN dugc st dung
pho bién. Epanet 1a chuong trinh tinh toan MLCN, dugc phat trién boi US-EPA, ¢6 kha nang
mo phong thuy lyc va chat lugng nudc theo thoi gian. Epanet mé phong mang ludi cap nudc
bao gom cac doan ong, cac nut, cac may bom, cac van, cac bé chtra va dai nude, tinh duge
luu luong trén mdi doan dng, ap suét tai cac nut, chiéu cao nudc ¢ timg bé chira, dai nudc,
nong do cua cac chat trén mang theo thoi gian lam viéc mo phong cua mang ludi. So voi cac
phan mém khac thi kha ning mé phong thiy lyc mot cach chinh xac 1a diéu kién tién quyét
cho sy md phong ro ri, md phong chat lwong nudc. Epanet chira cac cong cu phén tich thuy
lwc r4t manh: C6 thé phan tich dwoc mang ludi cip nudc khong gii han vé quy mo; Tinh
toan ton that ma sat thuy luc. Epanet cho phép tinh téi sy bién di luu lugng, ap luc tai cac
nat dé can chinh mé hinh, phat hién ro ri [27].
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Hinh 2. Giao dién mé hinh Epanet.

Cac budc xay dung mo hinh: X4y dung mé hinh co so (gdm c6: Pudng kinh, chiéu dai,
hé s6 nham ban dau; Gan luu luong déng hd nudce vao luu luong nut); Gia dinh ro ri theo ap
luc gid va mdi nat déu ¢6 1o ri; Hiéu chinh mé hinh (Hiéu chinh hé s6 nham C) va kiém dinh
mo hinh (Kiém dinh mé hinh bang bo thong sb gia tri ciia ngay khéc). Véi cac thong tin s6
lidu lién quan dén mé hinh s& duoc lay tir nguon dit ligu SCADA.

Mang luéi duong 6 ong cap nudc: Bao gdom cac thong tin vé cac loai 6 6ng cap nudc, chiéu
dai, nam lap dat, so do _mang ludi, cao trinh khu vye, thong tin Ve cac loai tai san co trén
mang ludi (van, dong ho tong, dong ho khach hang...). Trong d6, yéu td vé cac vi tri dau ndi
can phai duoc cap nhat chinh xac, dam bao viéc mo6 phong dong chay dung so vai thyc té.

Béng can bang nuéce: Xay dung bang can bang nude dé xac dinh dugc tung thanh phan
nude c6 trong md hinh, phén tich cac thanh phan nhu: lugng nuéc dugc cip vao mang ludi,
luong nudc tiéu thu khach hang, nudc khong doanh thu, lugng nudce di ra khdéi mang ludi
(cung cép cho khu vuc khac).

Bang 2. Bang cin bang nudc theo khu vic.

L ea . A . A A Lwong nuéc Ty 1€ that

T K S e SRS (L
u g g (m3h) (%)
1 th1004 77,83 54,90 22,93 29,46
2 th1005 68,33 61,34 6,99 10,23
3 th1006 71,85 70,58 1,27 1,76
4 th1008 370,65 230,53 140,12 37,80
5 th1010 183,05 177,20 5,85 3,19
6 th1011 62,21 57,47 4,74 7,62
7 th1013 186,87 148,61 38,26 20,47
8 th1014 1.331,42 1141,81 189,60 14,24
9 th1015 41,87 30,83 11,04 26,37
10 th1018 589,43 453,26 136,18 23,10
11 th1019 409,10 366,84 42,26 10,33
12 th1021 386,46 284,83 101,63 26,30
13 th1024 94,74 79,74 15,00 15,83
14 th1025 106,79 100,02 6,76 6,33
15 th1026 57,57 55,61 1,96 3,40
16 th1027 566,22 412,18 154,03 27,20

17 th1028 755,97 608,92 147,06 19,45
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- X P X P ; Lwong nuéc Ty 1€ that

STT 11(([37 hi¢u Sl?;n tlxll;l (Yn(gng(/);l)g Skzgé;:(::;gn d?lr;% /l:)) thit thoat thoat nuée
u vye 0 tong g (m?¥h) (%)
18 th1029 54,17 21,59 32,58 60,15
19 th1030_0901 168,88 146,09 22,78 13,49
20 th1031 278,29 159,94 118,34 42,53
21 th1032 46,71 40,23 6,47 13,86
22 th1033_0201 85,25 61,14 24,11 28,28
23 th1034_0906 92,00 88,27 3,73 4,06
24 pt2018 43,16 42,85 0,31 0,71
25 th4002 688,50 515,01 173,49 25,20
26 th4004 311,92 217,63 94,29 30,23
27 th4005 231,17 163,09 68,08 29,45

Xay dung hé s6 st dung nuéc: Dua vao thiét bi ghi nhan dir liéu duoc lap dit cho timg
khu vuc, tir d6 s€ co cac thong tin vé thoi gian, luu lugng, 4p luc nudce. Sau khi c6 cac div
liéu tién hanh xay dyng hé s6 str dung nude cho timg khu vuc khac nhau.

Xay dung hé s6 1o ri: Trén tung khu vuc trong mang ludi cép nude déu co ty 1€ TTN
khac nhau va ap luc nude ciing thay doi theo timg khu vuc. Tir nhitng dit liéu vé luu luong
nudce that thoat va ap luc khu vuce sé xay dung hé s6 10 1i cho tung vung.

Hiéu chinh va kiém dinh mé hinh: Céc thong s6 str dung dé hiéu chinh kiém dinh mé
hinh 13 ap luc va luu luong trén cac tuyén dng truyén din chinh dugc ghi nhan trén hé théng
SCADA clia SAWACO va Cong ty CPCN Tan Hoa. Cu thé, khi luu lugng hay d6 nhdm
trong dudng ong cang 16n, thi ton that 4p luc s& cang cao. Chi sd sir dung danh gia két qua
kiém dinh mé hinh 14 hé s6 tuong quan RZ.

2.4. Xdc dinh heong mede/ ty 16 nwde thdt thoat kinh té (ELL) tai DMA 03-08

Phuong phap tong chi phi dé tinh toan ELL d6i voi cac muc t6n that vat chat khac nhau,
chi phi hang nam vé luong nudc bi mat dugc cong voi tong chi phi kiém soét ro ri chu dong
dé co duge dudng cong tong chi phi. Diém thap nhat trén duong tong chi phi dugc coi la ELL
ngan han. Phuong phap tong chi _phi nay s€ dugc sir dung dé tinh toan ELWL. Chi phi TTN
hang ndm va chi phi hang nam dé giam TTN duoc yéu cau dé tinh tong chi phi. Chi phi nuéc
that thoat hang nam dugc tinh tir lwgng nudc that thoat (khong chi luong nudce that thoat thuc
t&). Trong khi d0, chi phi duoc sir dung hang nam dé giam TTN, cu thé 1a chi phi kiém soat
TTN, bao gom chi phi ddu tu va chi phi van hanh va bao tri hang nim. Ba dudng cong (chi
phi nude bi mat, chi phi kiém soat TTN va tong chi phi) duoc vé trong biéu dd véi chi phi la
truc Y va lugng nudce that thoat 1a truc X. Luong nudce that thoat khi téng chi phi & muc tdi
thiéu dugc xac dinh bang ELL.

Ti 18 TTN kinh té dugc tinh theo phuwong phap ham tng chi phi (C):

C=C1+C; 1)

Trong do C1 1a ham chi phi nuéce
that thoat (ham s6 bac nhat): Pon gia
mua si x Lugng nuéc that thoat theo
thoi gian; C 1a ham chi phi dau tu
giam TTN (ham s6 bac 2): Xay dung
dwa trén phuong phap hoi quy tuyen
tinh qua mdi quan hé gitra chi phi dau
tur va lugng nudc that thoat [7]. Largmg muse thit thodt (m)

Do thi cac ham chi phi giam  Hinh 3. So db xdc dinh mirc nuée thit thodt kinh té [22]
TTN: Cr:y=aix+ b

Trong d6 a; 1a gia mua bén si nude sach (d/m®); b1 1a lwong nude that thoat vo hinh +
UBL, véi: UBL = [(20 x L) + (1.25 x N¢)] x (AZNP/50)° 2

megnuuclhét thodt nén

Mirc chi phi kiém sodt thét thot mwie (trigu VND)

Chi phi giam thilt thoat
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UBL (Unavoidable Background Losses/ Thit thoat nén khong thé tranh khoi), Lm 1a
chiéu dai duong ng (km); N¢ 14 sé dau ndi dng dich vu; AZNP 14 ap lyc trung binh ban dém
cua khu vuc tinh toan (mH20).

Luong nude that thoat vo hinh = lugng nudc that thoat - luong nude thit thoat hitu hinh

Luong nude that thoat hitu hinh:

H, )
Qu =Qu X(H_()] (3)

Trong d6 Qvi la luorng nudc ro ri tai gio 1; Hi la ap luc nudc tai gio i; Ho 12 ap luc nude
trung binh; C2: y = ax? + box + ¢ xdy dung dua trén phuong phap hoi quy tuyen tinh qua mbi
quan hé giita chi phi dau tu va luong nudc that thoat, trong dé, chi phi du tu bao gém: chi
phi do tim, stra chira diém bé va chi phi duy tri kim ham [3].

3. Két qua va thao luin

3.1. Pdnh gid hién trang va nguyén nhdn gdy ra that thodt nwde tai khu viee nghién ciiu

Trong nhitng ndm qua, cong tac giam TTN tai Cong ty CPCN Téan Hoa luén dugc quan
tam va chu trong. Cac gidi phdp gidam TTN da dugc dua ra va ap dung thuc tién, tién hanh
thay thé cai tao nang cap MLCN. Tuy ty 1é TTN c6 giam theo ting nim nhung nhin chung
ty 1& giam cham va dang & mirc cao, doi hoi phai c6 cac giai phap can thiét dé dua ty 18 TTN
xudng thap hon, dam bao yéu cau vé ap lyuc, luu luong, chat luong cip nude téi khach hang.
C6 nhiéu nguyén nhan gay ra TTN hién nay, trong d6 c6 mot s6 nguyén nhan chinh gay ra
TTN nhu: Pic tht hé théng MLCN van con ton tai nhiéu ching loai 6ng va phy ting c6 vét
liéu, tiéu chuan khac nhau. Hé théng cép nudc chua that déng bd, con tinh trang mét can d6i
gilta ngudn va mang ludi tiép nhan. Trong khi do, chat luong thi cong cac cong trinh cap
nude con han ché, khong dam bao 'y€u céu ky thuat. Trinh do tay nghé cong nhan thi cong
con thip, gdy nén tinh trang mot sd tuyén ong sau khi dua vao van hanh st dung da gap su
co thoi gian st dung khong dliing so véi thlet ké. Ngoai ra, viéc thi cong cac cong trinh ha
tang k¥ thuat khac 1am tac dong dén duong 6 dng cap nudc, gy ra su ¢d hu hong, xi bé dng

. gop phan lam ting luwong nuoce that thoat. Tai trong dong do cac phuong tién luu thong
tren duong tac dong 1én duong dng da gop phan gay nén sy cd bé dng lam tang that thoat hiru
hinh; Tinh trang d4u ndi bat hop phap, can thiép vao dong hd nudc va gian 1an trong sir dung
nude clia mot bo phan khach hang dién bién phirc tap va ngay cang tinh vi hon di gop phan
khong nho lam gia tdng lugng nudce thét thoat; Viéc dua cac nha may nudc mdéi vao hoat
dong va bién phap ting ap luc duong dng da cai thién duoc tinh hinh luu luong, gla tang ap
lrc & nhiéu khu vie nhung ciing 1am gia ting luong nudc that thoat do ting xi bé ng.

3.2. Cdc gidi phdp giam thdt thodt nuéc

3.2.1. Thiét 1ap khu vuc cip nudc DMA dé kiém soat lwong nudce

DMA 1a m¢t khu vuc da dugc c6 1ap khoi MLCN téng thé bé‘mg cach dong cac van bién
va thuong chi co6 tir 1-2 nguén vao. DMA dugc thiét lap dé do dém luong nudc vao khu vue,
phﬁn nudc chénh 1¢énh gitta luong nude vao va lugng nudce tidu thu duge xem la luong nude
that thoat. Khu vuec DMA dugc klem soat tir 1 dén 2 dong ho tong, ddng ho tong s& ghi nhan
CaC thong tin vé ngudn nudce cung cép vao DMA. Tuy vao ) timg khu vye dé xac dinh gidi han
s6 dong ho khach hang trong mdi DMA (thuong trong m&i DMA c6 sé dong hd khach hang
tir 1.000 dén 3.000 dong hd).

3.2.2. Cac giai phap phat hi¢n 0 ri

Piém 10 ri trén MLCN duge chia 1am hai loai 12 diém bé ndi va diém bé ngém. Hai
phuong phéap ap dung cho cong tac do tim ro ri 1a thu cong va sir dung cac thi€t bi may moéc
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dé do cac diém bé. Phuong phép thi cong 13 viée cac nhan vién thudng xuyén kiém tra hé
thdng mang ludi bang mit thuong, cc tuyén dng duoc kiém tra luan phién. Trong qué trinh
kiém tra phat hién cac vi tri bat thuong thi tién hanh khic phuc. Ngoai ra, con sir dung cac
thiét bj nghe 4m thanh don gian (thanh nghe co); Phuong phap sir dung may moc la viée sur
dung cac thiét bj dé ghi nhan m thanh diém bé hay ro ri ton tai trén hé théng mang ludi,
nhiéu thiét bi phuc vu cho cong tic do tim ro ri hién nay kha da dang vé& mit chung loai ciing
nhu cach st dung nhung dé phuc vu tét cho cong tac do tim ro ri chu dong trong khu vuc
DMA. Mot s6 thiét bi co ban nhu: Thiét bi khoanh ving diém ro ri, thiét bi tién dinh vi diém
10 ri, thiét bi khuéch dai 4m thanh dé dinh vi chinh x4ac diém ro ri va thanh nghe dién ti.

3.2.3. Cong tac stra chira ro ri

Sau khi c6 két qua tir qué trinh do tim diém bé thi s& chuyén danh sach di xin phép don
vi quan 1y duong bd dé dugc thi cong, d6i voi cac trudng hop bé c6 xi nudce 1én mit duong
thi don vi sira chira s& duoc thuc hién ma khong can phai xin phép. Trong qua trinh thi cong
stra chita ludn c6 bd phan gidm sat hién trudng, bd phan nay chiu trach nhiém vé chét luong
cong trinh sau stra chita, an toan vé sinh méi trudng. Sau khi cong téc stra chira diém bé dugc
hoan thanh thi thong tin vé diém bé s& dugc cip nhat va dugc quan 1y vao trung tam thong
tin ctia mang ludi dé theo ddi.

3.2.4. Phan tich dénh gia cac giai phap giam TTN

Mot trong nhimng yéu t6 anh huéng 16n téi ty 18 TTN chinh 1a viéc 4p dung cac phuong
phap giam TTN, viéc giam sat MLCN, sir dung céc thiét bi may moc, nang cao cong tac quan
ly. Phuong phap phan ving tach mang thiét 1ap cac khu vuc cip nudc DMA, budc dau da
mang lai hi€u qua tich cuc trong cong tac quan Iy mang ludi cling nhu xac dinh dugc nhitng
khu vuc c6 ty 1€ TTN cao. Tur do, viéc gidm TTN s& duogc tap trung vao cac DMA c6 ty 1¢
cao. Phuong phéap phat hién cac diém ro ri bang phuong phap thu cong dugc p dung thuong
xuyén. Day 1a phuong 4n chi yéu dugc 4p dung bang kinh nghiém dé danh gia cac diém ro
ri, do d6 d6 chinh xé4c khi tim kiém cac diém ro ri 1a chwa cao. Do do, giai phap nay chi nén
duogc ap dung khi mang ludi c6 ty 1€ TTN cao. Phuong phép ap dung bang cac thiét bi do bé
chuyén dung da mang lai nhiéu hiéu qua tich cuc, voi vige ap dung cac thiét bi may moc tién
tién thi d6 chinh xéc khi do tim diém bé s& dugc nang cao, dam bao viéc giam TTN sé& hiéu
qua. Dé c6 duoc két qua tot doi hoi phai co doi ngii nhan vién duoc dao tao bai ban, co ky
nang. Tuy nhién, v6i dia ban quan ly rong, MLCN dugc véan hanh lau nam con nhiéu tuyén
6ng cil, d6i ngii nhan vién chuyén moén con han ché, thi viéc ap dung cac phuong phap trén
con nhiéu bat cap. Do d6, can co giai phap tot hon dé mang lai hiéu qua cao trong cong tac

quan 1y van hanh MLCN. o MmOV Huans Vin Thy 'Y 03-01"
/ , , . A , 03-03
3.3. Ap dung cac phwong phap giam that thoat . o
nwoc vao khu vue thi diém LT S A INET N
PHUQWNG 4

3.3.1. Gi6i thiéu khu vuc thi diém DMA 03-08  rryoue 12 PRY 01620

03-08
Khu vuc nghién ctu nim & phuong 4,

Quén Tan Binh thu¢c dia ban quan ly ctia Cong

ty CPCN Tén Hoa. Tinh dén thang 6/2019, khu | _ 4

vuc dat ty 16 100% ho dan duoc cap nudc sach. 11-09 ‘ g 2 £

S6 luong déng hd nudc 1a 1.018, san luong tiéu M e - 4® ”

thu trung binh cia mot ddng hd 1a 0,93 s

m3/ng£1y. Ty 1€ TTN ky 9/2019 1a 38,9% voi Hinh 4. Vi tri khu vue DMA 03-08.

luong nudc that thoat 18,090 m®/thang. Thoi

gian cung cip dich vu cap nudc lién tuc 24/7. Khu vuc nghién ctru gdm 1 dong hd téng c6

tich hop data logger dé theo ddi luru lwong va ap luc theo gio.

PHUON G11-06 ., 03-09

03-11 03-10
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3.3.2. Ap dung cac phuong phap giam thit thoat nuéc vo hinh

Thét thoat thuong mai bao gom luong nude duoc tiéu thu va sir dung nhung khong duoc
thanh toan dung do hé thdng quan 1y hay do nguoi sir dung. Trong nhiéu truong hop, nudc
chay qua ddng hd nhung chi s6 ghi lai khong dang. Mot loi ich quan trong trong viéc giam
that thoat thwong mai 14 thuc hién mét cach nhanh chéng va hiéu qua véi chi phi trong dbi
thip. C4c giai phap duoc dua ra dé giam that thoat nuée vo hinh:

Xay dung dit liéu co so cho timg DMA: C6 duoc day du dit liéu co s6 cia DMA, ludn
cap nhat va dong nhét 1a diéu rat quan trong trong viéc xac dinh kha ning cua that thoat
thwong mai. Nén tién hanh thudng xuyén cac bude: Dam bao céc hoa d6 duoc cip nhat day
du trén ban vé& va trén GIS dé thé hién tat ca cac dau ndi. Nhiing ban vé nay phai ghi 15 dia
chi va s6 khach hang cua tirng ho va tirng dong hd, ciing nhu vi tri trong tmg; Dam bao thong
tin khach hang trong h¢ thdng hoa don ciia DMA dugc cip nhét day du va toi thiéu phai bao
gom nhitng muc sau: tén, dia chi, s6 doanh b, s6 dong ho, loai khach hang, ¢ ddng ho, Cap
dong ho, ngay gan dong ho va san luong hang thang va mi doc s cua 12 thang trudc; Kiém
tra sy dong nhat gitta ban vé ky thuét va thdng tin khach hang trong hé thdng hod don. Kiém
tra khi ¢ bat ky su khac biét nao giita thong tin vé ki thuat va thuong mai.

Phan tich di liéu hoa don khach hang trong DMA 03-08: V6i dit liéu co s& can thyc hién
nhiéu loai phan tich dé hiéu ré vé DMA va cac khach hang can tap trung nham xac dinh that
thoat thwong mai. Nhiing dit liéu phan tich bao gom: S6 luong va ty Ié timng loai khach hang;
Khéch hang c6 san luong tiéu thy cao, vi mot 16i nho vé sai s6 dong ho cd thé dan dén luong
that thu dang ké; Khach hang cd san luong tiéu thy thap, néu san lugng khach hang thuong
xuyén hay c6 nhiéu thang thap hon mirc nay thi can tim hiéu nguyén do; Khéch hang cé san
luong tiéu thu bang khéng, nhimg trudng hop nay can phai liét ké ra va kiém tra; Khach hang
¢ san lugng tiéu thu thay ddi dang ké, dac biét 1a giam nhiéu, can tim hiéu tai sao vi day c6
thé 1a do dong hd Chay khong ding hay gian 1dn nu¢ce; Khach hang c6 ma doc sd khac thuong
S0 Vi dinh mic ¢6 thé hiéu rang nhan vién doc sé khong theo dbi, kiém tra dong hd khach
hang. Trong trudng hop luu luong trung binh theo gio thip hon luu lugng tham chiéu toi
thiéu thi ddng hd d6 doc thap hon lwong tiéu thu. Cong ty cip nudc can xem xét ha ¢& ddng
hd theo su lra chon caa khach hang va luong tiéu thu du doan trong twong lai.

Khao séat khach hang: Tién hanh khao sat khach hang trong DMA. Kiém tra tat ca dia
chi, toa nha, khach hang da duoc chon ra trong DMA: Kiém tra timg dong hd dé xem cach
lip dat va tinh trang dong hd; Nhan vién doc s6 nén xac nhan kiém tra xem c6 giéng hay
khong, hoac hoi nhitng nha dan xung quanh xem khach hang nay da ¢ d6 dugc bao lau; Lap
danh sach tat ca nhitng toa nha c6 murc tiéu thu cao theo cong nang sir dung, néu c6 san luong
thip hoic nhitng bat thudng khéc can kiém tra nhitng khach hang nay Lap danh sé&ch tat ca
nhimg dia chi khong c6 dong hd va tat ca khach hang c6 sir dung giéng; Cap nhat vao di liéu
co s& hoa don tit ca nhirng 18i d x4c nhan trong qua trinh khao sat. Két qua caa cudc khao
sat dugc cap nhat Ién hoa d6 GIS/AutoCAD.

Bang 3. Két qua khao sat loai khach hang.

DMA Téng Loai khach hang

03-08 khéch hang Sinh hoat Kinh doanh HCSN bVSX SH+khéac
Khao sat 1018 663 339 3 14 13
Ty 1€ (%) 100 % 65,1 33,3 0,29 1,38 1,28

3.3.3. Ap dung cic phuong phap giam that thoat nudc hiru hinh

B4 tri ddng hd do nudc & dau va cudi mdi doan dng dé kiém soat that thoat, tinh toan
thay luc van téc phai thoa man van tc kinh té v = 0,5-1,5 m/s. Bé xac dinh duoc rd ri dang
dién ra & dau trén mang phan phdi can phai thdng thao céac loai ro ri va nim duoc anh hudng
cua ro ri theo thoi gian véi luong nudce that thoat co hoc.
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Hinh 5. Biéu dd tiéu thu nuéc DMA 03-08.

Quan ly ro ri chu dong: 1 giai phap theo ddi TTN nhanh bang cach xay dung cac hé
théng data logger trén toan bo DMA. Khi c6 hé thdng data logger viéc theo ddi &p luc, luu
luong s& duoc lién tuc cap nhat va 6n dinh. Khi trén mang ludi ¢6 cac van dé &p luc, luu
luong hé théng s& ghi nhan va canh béo téi nguoi dung, tir d6 c6 tac dong cu thé dé giam ty
16 TTN.

Kiém tra Iuu luong vé dém: Khi thuc hién kiém tra luu luong vé dém mdi khu vuc
khoanh viing s& c6 sb liéu luu lugng vé dém, cac sd liéu dugc ghi nhan tai dong hd tong hoic
dir liéu tir data logger. Sau khi da xac dinh cac khu vuc c6 kha niang ro ri cao tién hanh st
dung céc thiét bi do bé (nhu twrong quan am, khuéch dai 4m, ...) dé do tim cac diém ro ri.
Ngoai ra, thoi gian thuc hién can dya vao sb liéu ghi nhan luu luong vé dém tir data logger,
khoang thoi gian thich hop 1a thoi diém luu lwong tiéu thu thdp nhét (tir 1 gio dén 4 gio 30
séng).

Quan ly ap luc: Viéc giam ap luc nude s& lam giam nudce ro ri, qua do ciing tiét kiém
dugc nguon tai nguyén va chi phi san xuat nuéc. Bé danh gia su phi hop cua viéc quan ly ap
lyc trong hé thdng, tién hanh thuc hién cac nhiém vu sau: Xac dinh ving can thiét, dic diém
va luong khach hang; Xac dinh loai khach hang va cac han ché théng qua viéc phan tich yéu
cau; Tap hop cac dit liéu vé luu luong va &p luc (tai diém vao, ap luc trung binh va diém
quan trong); Phan tich loi ich va tinh kha thi; Chon lya van giam ap, thiét bj va ché do diéu
khién dé co két qua mong muén; Phan tich chi phi va loi ich. C6 nhiéu cach dé giam ap luc
nudc trén mang ludi, bao gom thay doi ché d6 van hanh bom hay dit cac diém pha &p. Tuy
nhién, phuong phap duoc st dung nhiéu va kinh té nhat chinh 1a dat van giam ap tu dong.
Van giam &p sé& duy tri ap luc sau nd bat ké ap luc trudc nd hay sy bién thién cua luu luong.
Van giam ap duoc lap dat trong DMA, sau vi tri ddng ho tong, va phai dam bao chiéu dai lap
dat tranh tao dong chay réi anh huong dén ddng ho tong.

Stra chira nhanh chong va chat lwong: Thoi gian kéo dai caa mot diém ro ri s& anh huong
dén tong luong nudc that thoat co hoc, do d6 viéc stra chira nén hoan thanh cang sém cang
t6t ngay khi diém ro ri dugc tim thay. Chit luong cua viéc sira chita ciing 1am anh huéng I6n
cho du diém ro ri da duoc stra chita.

Chuong trinh quan ly tai san: 1a diéu thiét yéu cho quan 1y tai chinh 1au dai va 1a phuong
thirc dé xir ly rd ri c6 hiéu qua kinh té. N6 yéu cau sy uvu tién va quyét dinh trong viéc sira
chira, thay thé, cai tao hay di doi nhitng tai san. Viéc thuc hién dong thoi véi chuong trinh
quan ly ap luc sé cai thién qué trinh van hanh va bao  dudng. Bac biét lién quan dén viéc phat
trién chién luoc giam NRW la tudi tho cta duong ong va thyuc hién cac quyét dinh de thay
thé hay phuc hdi ha tang MLCN. biéu nay doi hoi hiéu biét vé diéu kién lam viéc va tudi tho
cua tai san. Ngoai ra, chuong trinh do tim cha dong ciing s& nhan ra cac dudng 6ng trén mang
xay ra lién tuc bé dng hay sira chira. Khi cac chuong trinh hanh dong néu trén khdng lam
giam that thoat, nguoi quan ly nén thyuc hién chuong trinh danh gia cac diéu kién dé quyét
dinh xem nén thay thé 6ng hay 1a van tiép tuc sira chira.
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Sau khi c6 két qua khao sét khach hang vé khu vuc DMA 03-08, tién hanh phan tich sé
liéu thu thap duoc. Trong 0, cac truong hop vé ddng hd dat chi, chi sé khdng 6n dinh tién
hanh 1ap danh sach bam chi va thay dong hd méi. Céac truong hop c6 dinh mic thay doi s&
cap doi dinh mtrc mai, tién hanh phan loai khach hang va cung cap gié biéu hop 1y cho ting
khach hang, tranh that thu cho cong ty. Khi tién hanh kiém tra luu lwong tdi thiéu vé dém ddi
véi cac khu vuc nghi ngd ¢6 TTN, tién hanh wu tién do bé cac khu virc ¢6 tiéu thu vé dém
cao. Két qua do bé phan tich ¢ bang 4.

Bing 4. Bang phan tich s6 lidu diém bé.

STT  Ngay sira chita Nguyen nhan k?n“h“gﬁg Hinh thirc phét hi¢n ;fl':t‘ ;l‘:fl
1 9/10/2019 Tét, giy ong dich vu 25 Bé ngam KV2
2 9/10/2019 Tét, giy 6ng dich vu 25 Bé ngam KV2
3 9/10/2019 Tét, gdy éng dich vu 25 Bé ngam KV2
4 9/10/2019 Tét, gdy 6ng dich vu 25 Bé ngam KVv1
5 04/11/2019 Tét, gdy 6ng dich vu 25 Bé ngam KV1
6 04/11/2019 Tét, gdy 6ng dich vu 25 Bé ngam KV5
7 04/11/2019 Tét, gdy 6ng dich vu 25 Bé ngam KV5
8 04/11/2019 Tét, gdy 6ng dich vu 25 Bé ngdm KV3

Truéc thoi diém chua ap dung cac phuong phéap ky thuat thi ty 16 TTN khu vuc o ky
9/2019 la 38,9% V¢i lugng nudc that thoat trén 10.090 m3/thang. Sau khi tién hanh phan tich
déanh gia khu vyc, str dung phuong phap kiém tra luu luong vé dém va thyc hién cac budc do
bé da thu dugc mot sb két ~qua: Trong khoang thoi gian do bé hai ngay da phat hién duoc
tong cong 8 diém bé trén 6ng D25mm thuoc cac khu vuce wu tién. Sau khi tinh toan luong
nudce that thoat da giam con 3,120 m%/thang va twong tng ty 1¢ TTN méi 1a 9,7%. Nhur vay,
viéc ap dung cac phuong phéap k¥ thuat va st dung giai phap Kiém tra luu lugng vé dém da
mang lai két qua tich cuc trong cong tac giam TTN.

3.4. Xdy dung mé hinh Epanet cho khu viee DMA 03-08 véi 1y 1é that thodt niede moi

Sau khi ap dung céc giai phap gidm TTN, ty 1¢ TTN khu vuc DMA 03-08 da giam con
9,7%, v6i ty 1¢ that thoat nay ta c6 bd s6 liéu mai vé ap luc va luu lugng ddu ngudn cap vao
mang ludi. S6 lidu lay tir dir liu hoa don ky 12/2019 cua Cong ty CPCN Tén Hoa, dugc gan
vao nut theo phuong phap nit nao gan dong ho nudce nhét thi luu lwong ctia dong hd nude s&
dugc gan vao nit do6. Tong lugng nudce tiéu thy trong khu vuc trong 24 gio sau khi gan vao
nat bang 947 m%ngay. Gan luu luong 1o ri vao nit véi gia dinh tai méi nut déu c6 mot luong
ro ri nao do, luong ro ri nay dugc xac dinh bé’mg cach léy lugng TTN cua toan khu vuc gio
tuong tng chia cho tong sb nut cuia mang ludi. Tai mdi nut s& ton tai 2 hé sd Pattern, 1 hé sd
danh cho sinh hoat va 1 hé s danh cho ro ri. Két qua kiém dinh twong ddi t6t véi R? = 0,95
(tai TCH 1) va R? = 0,93 (tai TCH 2), nén ta s& str dung mé hinh nay dé t6i wu hoa tim ro ri
(Hinh 6a, 6b).

_Ap/lhl_rc:luoc(m) ——Tinh oin . Ap lre nude (m) ——Tinh toin
25 \ uan tric
\ Quan tric . ’\ . ¢
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0 T T 0 T T T T T T
12345678 9101121314151617181920212223 Gio 12345678 91011121314151617181920212223. Gid

Hinh 6. (a) So sanh ap lyc mo hinh tinh toan va quan tric tai TCH 1 sau 24h; (b) So sanh ap lyc mo
hinh tinh toan va quan tric tai TCH 2 sau 24h.
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3.5. Bai todn do tim ro ri

Bai toan do tim ro ri thyc chit 13 bai toan t6i vu MLCN bang cach phan bd thém hé sé
K dé t6i wu gia tri 4p luc va luu lugng mang ludi sao cho bang gié tri quan trac. O kich ban
1 (t6i vu theo hién trang mang lui - Hinh 7a) md hinh phat hién 2 diém ro ri c¢6 kha ning tai
doan bng trén co6 xay ra ro ri; O kich ban 2 (t6i vu khi gia thiét ¢6 ro ri trén mang ludi - Hinh
7b) sau khi gia thiét c6 ro ri trén nut sau d6 xuét dit liéu va dua vao mé hinh dé kiém tra thi
phét hién 2 diém ro ri. Mot trong 2 vi tri mé hinh xac dinh dung vai vi tri ¢6 ro ri ban dau, &
vi tri con lai doan 6ng trén cd kha nang xay ra ro ri. Viéc ldp dit cac thiét bi theo ddi dit liéu
1a diéu kién can thiét dé cung cap di liéu &p luc va luu luong cho mang ludi. Co thé lap dat
thém mot sb thiét bi quan tric céc vi tri trong cac tuyén hém bén trong mang luéi dé cac gia
tri 4p luc duoc can chinh phan bé déu mang luéi hon. S6 lidu tai mot thoi diém dé phan tich
cac diém ro ri c6 kha ning xay ra vao thoi diém do, do vay dé cé thé dy bao ciing nhu danh
gia ro ri can phai lién tuc cap nhat cac bo thdng sé dir liéu mai cho mé hinh.

A

Vitrirdri

(@) (b)

Hinh 7. (a) Vi tri nghi ngd c6 diém 10 ri (theo kich ban 1); (b) Vi tri nghi ngd ¢6 diém ro ri (theo
kich ban 2).

3.6. Xdc dinh lwong nudc/ 1y 1é that thodat muwée kinh té (ELL) tai DMA 03-08

Bang 5. Dir liéu phuc vu cho tinh toan ELL tai DMA 03-08.

Ndi dung Pon vi Gid tri
Sb dau ndi c6 dong hod dong ho 1018
S6 lwong dau ndi khong co dong hd do dém dong hd 02
Chiéu dai dng phan phdi km 7,500
Chiéu dai dng nhanh km 1,96
Ap lyc trung binh m 10,373
Ap lyc trung binh ban dém m 14,167
San luong ngudn vao mé/ngay 658
San luong tiéu thu m3/ngay 551
Luong nude thit thoat mé/ngay 107
Tile¢ TTN % 16,26

Tur nhitng dit liéu trén ta tinh toan duogc gia tri UBL: UBL = 2,12 m3/ngay.

Bang 6. Bang tinh that thoat hitu hinh cap nhat theo ngay.

e e 3 Q e . 3 Q
Thoigian  Q (m°/h) H (m) r ri éng Thoi gian  Q (m°/h) H (m) ré ri éng
0:00 19,90 14,13 3,820 12:00 35,30 9,83 2,764
1:00 14,80 14,13 3,820 13:00 33,40 12,33 3,384
2:00 11,80 14,17 3,830 14:00 24,30 10,83 3,014
3:00 12,10 14,00 3,790 15:00 22,70 8,29 2,374
4:00 12,80 12,25 3,364 16:00 32,00 8,71 2,480
5:00 16,50 10,04 2,817 17:00 35,80 8,42 2,406
6:00 29,60 6,83 1,997 18:00 45,10 8,75 2,491

7:00 29,80 6,92 2,019 19:00 44,70 9,08 2,575
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e e 3 Q e e 3 Q
Thoi gian  Q (m°/h) H (m) rd ri éng Thoi gian Q (m3/h) H (m) ré ri éng
8:00 32,10 8,13 2,331 20:00 41,10 10,67 2,973
9:00 34,90 9,21 2,607 21:00 34,20 10,25 2,869
10:00 33,80 8,71 2,480 22:00 33,70 11,88 3,272
11:00 34,80 8,58 2,448 23:00 26,50 12,83 3,506

~ Vi cac dir lieu va gia tri tinh toén nhu trén, dya vao phuong phap dd thi ta tim duoc
moi quan hé gitra Q va H nhu sau: y = 1,162_3XO,893; R2=0,9414 — n=0,893.
Xac dinh gié tri ham (C1): chi phi hao ton do that thoat nuéc DMA 03-08.

Bang 7. Chi phi do tim, sira chita diém ro ri va két qua tinh toan ELL trén DMA 03-08.

Néi dung Pon vi tinh Gia tri
Don gid mua si nude sach dong/m?3 6.504,45
Luong nudc that thoat hiru hinh m3/nim 25.343
Lugng nudc that thoat m3/nim 39.062
Lugng nudc that thoat vo hinh +UBL m3/nim 13.720
Qrori | diem 1o ri mflh 2,07
S6 lugng diém ro ri _diém_ 1
Chi phi sua chita dong/diém 5.000.000
Chi phi do tim dong/diém 880.000
Chi phi duy tri Q thit thoat hién tai ddng/nam 70.560.000
Luong nudc that thoat hiru hinh kinh té m3/nam 24.683
Luong nudc that thoat kinh té m3/ngay 105
Ti 1& TTN kinh té % 16,03

Luong nudc that thoat ro ri vo hinh chiém khoang 1,69% va luong that thoat nudc nén
khoang 13.720 m*/nam chiém 0,45% tong lugng nude tiéu thu. Dé duy tri mic ro ri kinh té
(ELL) khoang 16,03% nhu trén thi hang nam can tién hanh khao sat trén 70% tuyén éng cua
mang ludi v6i chi phi khoang 70,56 triéu dong/ndm. Can luu y rang, mirc that thoat nudc
kinh té 12 mot dai lugng bién dong theo thoi gian phu thudc vao diém cin bang gitra chi phi
dau tu giam that thoat nudce va thu nhap tang thém tir lwong nudc that thoat nude thu duoc.
Do vay, két qua tinh ton & trén ddy chi 1a thong s6 tham khao cho don vi quan 1y van hanh
& mot thoi diém nhat dinh. Viéc cap nhat cac so lidu tinh toan can thiét vé mang ludi, chi phi
dau tu stra chita nang cip mang ludi va kiém toan nudc can phai dugc thyc hién thuong
xuyén dé tinh toan du bao cap nhat muc do that thoat nude theo tirng nam va tung giai doan.

Ngoai ra, khi so sanh vai két qua nghién ctru [22] thue hién tai MLCN Gia Dinh (ndm
2020) cho thay ELL 14 15% trong khi ty 1¢ that thoat nudc la 16,79%. Diéu nay cho thay rang
viéc giam that thoat nuéc & MLCN Gia Dinh gan dat téi mirc ELL. Trong khi d6, mirc giam
that thoat nudc & MLCN Tan Hoa can bang mirc ELL. Vi nghién ctru ¢ thanh phé Malang,
Indonesia thi mac ELL 14 21,76% vao nam 2016 [23]. Piéu nay phan anh su khac biét vé dic
diém ha tAng mang ludi va md hinh quan Iy TTN & cac thanh phd thudc cac qubc gia khéc
nhau.

Dé xuat cac giai phap k¥ thuat kinh té giam TTN tai Cong ty CPCN Tan Hoa:

- Rt ngan thoi gian va ting hiu qua trong viéc giam sat, quan 1y va xir Iy o ri trén
mang ludi cip nude bang ki thuat hoc may da dugc tng dung nhiéu trong nhitng nim qua
tai cac nudce trén thé gidi va dem lai nhitng hi€u qua hét strc tich cuc.

- Xay dyng phan mém chii dong canh bao ¢o ro ri trén MLCN tich hop voi cac dong hd
tong DMA, khi ¢6 dugc cac thong tin canh bao thi viée dua ra cac giai phap s& nhanh chong
va kip thoi.

- M5 hinh thity lyc dugc theo ddi va chay bién dong theo thoi gian thyc kip thoi cap nhat
danh gia xac dinh ngay lap tirc céac rui ro luu lugng &p luc trén mang ludi canh bao thuc thi
xir Iy nhanh cac su ¢b xi bé trén MLCN.
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- Tinh toan that thoat kinh té ELL dé nhanh chong thay dbi cac tuyén dng cii muc nghet
nham tang kha nang hdi phuc thay thé vat liéu tuyen ong cap nudce trén mang ludi bén vimng
cho cac thit thoat nude vo hinh va hiru hinh thay di lién tuc theo thoi gian va khong gian
(trong cac mua cua cac nam).

4. Két ludn

Nghién ctru da danh gid dugc hién trang cong tac giam TTN tai Cong ty CPCN Tan Hoa,
xac dinh nguyén nhan gy ra TTN tai khu vuc nghién ctru; Panh gia cac giai phap giam TTN
dang dugc ap dung; Dé xuit cac giai phap phu hop giam TTN. Nghién ctru da tmg dung thanh
cong phan mém Epanet dé mo phong va phan tich thuy lyc mang lu6i cap nudc. Két qua cua
mo hinh 13 co sé dé phan tich, danh gia cac yéu t6 vé luu luong, ap luc, cing nhu phén tich
hiéu qué trong quan 1y MLCN, khoanh viing ro i cho khu vuc thi diém va dua ra cac bai toan
dé phan tich danh gi4 khi 4p dung vao thyc té nhanh chéng phat hién kidm soat thay luc lién
tuc cac nguy co 10 ri trén mang ludi cap nudc 24/7; Rit ngan thoi gian va ting hiéu qua trong
viéc giam sat, quan 1y va xir 1y 1o ri trén MLCN. Tuy da c6 két qua tich cuc trong cong tac
giam TTN nhung dé ap dung cho toan dia ban doi hoi phai thu thap dﬁy du céc s6 lidu co s,
ddng thoi phai c6 nhimng thay d6i trong cach quan Iy méi co thé dua ty 1¢ TTN xudng thap.
Ngoai ra, nghién ctru chi thyc hién trong mdt khu dan cu ma nhu cAu dung nudce chi phuc vu
sinh hoat nén chwa danh gia dugc toan b birc tranh vé nhu cau ding nudc, diéu nay co thé
anh huong dén viéc xac dinh hé s sir dung nude. Vi vay, can ¢ nhimng nghién ciru & quy
mo rong hon dé hoan thién va phat trién mé hinh thity lyc nham phuc vu cho viée giam ro ri
duogc hiéu qua hon; Xay dung phan mém chii dong canh bao ¢ 1o ri trén MLCN tich hop véi
cac dong ho tong DMA, khi c6 dugc cac thong tin canh bao thi viéc dua ra cac giai phap s&
nhanh chong va kip thoi; Tinh toan ELL de nhanh chéong thay d6i cac tuyen 6ng cii nham kha
nang hoi phuc thay thé vat liéu tuyén ng cap nudc trén mang ludi bén vimg cho cac TTN
v6 hinh va hiru hinh thay ddi lién tuc.

Pong gbp ciia tac gia: Tong hop, viét ban thao, hoan chinh ban thao: H.M.D.; Thu thép s6
liéu, tinh todn, mé6 phong: T.T.Q.
Léi cam on: Nghién ctru duoc tai trg boi Pai hoc Qubc gia Thanh phd HO Chi Minh (PHQG-
HCM) trong khudn khé nhiém vu thudng xuyén theo chirc ning ma sé TX2025-24-01.
Loi cam doan: Tap thé tac gia cam doan bai bao nay 1a 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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Assessing the current situation and proposing economic technical
solutions to reduce water loss at Tan hoa water supply Joint Stock
company (belong to Sawaco)

Ho Minh Dung®*, Truong Tan Quoc'?

L Institute for Environment and Resources, VNU-HCMC; H_minhdung@yahoo.com
2 Ben Thanh Water Supply Joint Stock Company; ksquoc@yahoo.com.vn

Abstract: The current water loss reduction work at Tan Hoa Water Supply Company is still
passive, not applying well the technology as well as the water loss reduction process, not
fully promoting the unit's ability to reduce water loss. Therefore, this study is conducted to
bring economic efficiency, estimate the Economic Level of Leakage (ELL) level to reduce
water loss to the level where the cost of reducing water loss is equal to the value of the
amount of water saved, contributing to protecting water resources and the environment. The
study has successfully applied Epanet model to control water supply network hydraulics to
simulate and analyze the hydraulics of the water supply network. The results of the model
are the basis for analyzing and evaluating factors on flow, pressure, as well as analyzing the
effectiveness of the active water supply network leakage control of the water supply network
management, zoning leakage for the case study area and providing problems for analysis
and evaluation when applied in practice to quickly detect continuous hydraulic control of
leakage risks on the 24/7 water supply network. The result of this research is widely applied
and will help reduce clean water loss in other water supply companies to effectively and
sustainably reduce water loss.

Keywords: Reduce water loss; Economic Level of Leakage (ELL); Tan Hoa water supply
Co.
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Tém tz'lt Bai bao trinh bay két qua xac dinh anh huong ciia dich chuyén vo Trai dat dén cac
tham s6 chuyen d6i toa do gitra hé toa d9 tinh (VN2000) va h¢ toa d6 dong (ITRF). Phu:orng
phap xéc dinh tdc d6 thay doi cua cac tham sb chuyen d6i toa do theo véc to van téc chuyén
dich vo Trai dat da duoc xay dung. Tbe 36 thay d6i cua 7 tham sb chuyen ddi toa do trén
lanh thd Viét Nam da dugc tinh toan theo vén toc dich chuyén vo Trai dét tai 21 diém
Geodetic CORS. Téc d6 nay dugc kiém tra bang cach so sanh v6i phuong phép tinh theo
toa do ¢ 2 chu ky. Ket qua kiém tra cho thay chénh 1éch gitra hai phuong phap ve toa do
nho hon 0,11 mm; vé& hudng nhod hon 0,387x10°5; vé ty 1é chidu dai 13 0,004x10°°. Diéu nay
ching té phuong phép xac dinh anh huong cua dich chuyén vo Trai dét dén cac tham s
chuyén doi toa do ciia bai bao va két qua tinh toan hoan toan chinh xac.

Twr khoa: Dich chuyén v6 Trai dat; Tham s6 chuyén ddi toa do; Geodetic CORS.

1. Giéi thi¢u

Theo thuyét kién tao mang, 16p vo cimg cua Trai dat goi 1a thach quyén nam trén 16p
quyen mém. Thach quyén duoc chia ra lam nhleu phan dugc goi 1a cac mang. Cac mang
chuyén dong theo cac hudng khac nhau véi van tde tir 1,0 cm/nim dén 16,0 cm/nam, ranh
gidi gita cac mang goi 1a dut gdy. Trén lanh tho Viét Nam c6 hai khéi kién tao lién ké khdi
Nam Trung Hoa (South China Block) va khéi Sunda (Sundaland Block). Ranh gi61 cua hai
khdi nay 1a dut gdy Song Hong [1]. Lanh tho Viét Nam lai duoc chia ra cac khéi cau tric
kién tao nhu: Khdi Mudng T¢, kh01 Dong Bic, khoi Tay Bic - Bic Trung B9 ... M&i khéi co
dic diém hinh thanh va phat trién riéng. Giita cac khoi 1a cac dut giy nhu: Dut giy Song
Hong, dut giy Lai Chau - Dién Bién ...[2]. |

Do céc hoat dong kién tao mang, tAm vét ly cua Trai dat va cyc trai dat bi dich chuyén
Do d6, hé toa do, khung toa d6 cling bi thay d6i theo thoi gian. Khung quy chiéu quéc té
(ITRF) la hién thyc hoa hé quy chiéu ITRS tai mot thoi diém cu thé. Thé gisi di xay dung
khung toa do quoc té ITRF theo cac phién ban khac nhau: ITRF1992 [3], ITRF1996 [4],
ITRF1997 [5], ITRF2000 [6], ITRF2005 [7], ITRF2008 [3], ITRF2014 [8] va gan day nhat
1a ITRF2020 [9]. Khi xay dung ITRF, nhimg cong ngh¢ do dac va xir Iy s0 li¢u tién tlen nhu
VIBL [10] va phep loc Kalman [11] da duoc st dung. Nhimg nam gan déy, nhiéu qudc gia da
nghién ctru dnh huong cua hoat dong kién tao dén hé toa do qudc gia va hién dai hoa hé toa do
qudc gia gan véi ITRF vi dy nhu: nim 2020, Malaysia di xay dung khung quy chiéu tric dia
ban dong hoc dua trén ITRF2014 cho Malaysia (GDM2020) [12]. O Viét Nam, c6 mot sb
cong trinh nghién ctru két ndi hé toa d6 qudc gia v6i ITRF nhu: nghién ctru [3] da xdy dung
dugc phan mém tinh chuyén toa do giita hé quy chiéu VN2000 voi khung quy chiéu trai dat
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quoc té (ITRF); nghién ctru [ 13] da x4c dinh dugc cac tham sO chuyen d6i toa do gitra hé quy
chleu VN-2000 va ITRF2005; nghién ciru [14] d4 tong hop mot s6 két qua nghién ciru quic
té lién quan dén ITRF, phuong phap xac dinh d6 léch tam cuia Trai dat, va anh huong cua sur
dich chuyén tdm ctia Trai dat dén ITRF; nghién ciu [15] dd nghién ciru kha ning thich tng
cta VN-2000 voi ITRF.

O Viét Nam, nhiéu cong trinh nghién ctru xac dinh van tbc dich chuyén vo Trai dat bang
cong nghé GNSS da duoc thyc hién, vi du nhu: Trong nghién ctiru [16] da xr Iy sO liéu ludi
GPS tai dit gay Song Hong, quan tric tir nim 1994 dén 2007. Két qua cho thay rang: cac
diém dich chuyén vé phia Pong - Pong - Nam vdi van tdc trung binh 34,5 + 1,0 mm/nim.
Trong nghién ctru [17] d4 sir dung s liéu GPS dé nghién ctru chuyén dong hién dai vo Trai
dat tai ving Son La. Nghién ciru [ 18] d xac dinh chuyén dong hién dai doi dut gay Lai Chau
- Pién Bién tir s6 liéu do GPS do trong giai doan 2002-2004. Nam 2014, s6 liéu cua 5 tram
GNSS quan trac lién tuc & Viét Nam tir nam 2005 dén 2013 di duge xu Iy véi s6 liéu cac
tram IGS quéc té dé tinh ra van tdc dich chuyén [19]. S6 liéu luéi VNGEONET d3 duoc xi
Iy trong ITRF2014 bang phan mém BERNESE va tinh ra van tdc dich chuyén cua cac diém
trong hé toa do dia dién chan troi [20]. Két qua cho théy chuyén dich ngang cac tram 1a theo
hu:orng Pong - Pong - Nam, ¢6 gia tri tir 2,7 cm/ndm dén 4,0 cm/ndm. Nhu vy, do hoat dong
kién tao mang, lanh thd Viét Nam dich chuyén theo huéng Pong - Pong - Nam véi van tdc
trung binh khoang 3 cm/nam.

H¢ toa d0 VN2000 duoc xay dung nam 2000 1a h¢ toa do tinh. Toa dd cua cac diém trong
hé nay khong thay doi theo thoi gian [21]. ITRF 1a khung quy chiéu trai dit dong. Toa do cua
cac diém trong ITRF thay doi theo thoi gian [9]. Nhu vay, cac tham s chuyén doi toa do tir
VN2000 sang ITRF s& thay doi theo thoi gian. Tdc d6 thay ddi nay c6 thé dwoc tinh dya vao
toa d6 cua cac diém khdng ché & cac chu ky do trong 2 hé toa d6. Tuy nhién, khong phai luc
nao ciing c6 duoc gia tri toa do nay. Cac cong trinh nghién ctru thudng chi cong bd cac gia
tri van téc dich chuyén cta cac diém. Vay, van tbe chuyén dich vo trai dit anh hudng thé nao
dén cac tham sb chuyén ddi gitra hé toa d¢ tinh sang h¢ toa do dong. Hay nodi cach khac, tur
cac gia tri van tbe chuyén dich cua cac diém, 1am thé nao dé tinh dugc tée do thay ddi cua
cac tham s6 chuyén doi giita hé toa  24° ' ' L ' . ' .
do tinh sang h¢ toa d§ dong. Day la
vin dé ma bai bao nay tap trung 99e
nghién cuu.

Trung Quéc
2. Khu vure va s6 liéu nghién cieu 297

2.1. Khu vue nghién curu 18°+

Nghién cuu nay dugc thuc

hi€n trén lanh tho Viét Nam (Hinh  16°-{Ghichu: i . -
1), Dic dié \ .- PG1: it gdy Song Hong N QD Hoang Sa
). Pac diém cua khu vuc nay la PG2: Pirt gy Lai Chau-Dién Biga \ (Viét Nam)

nam trén hai khéi kién tao lién ké: 14° | PG3: Dit g3y Tha Khet-Hi V2
A N A DG4: burt gay Kinh tuyén 110
khoi Nam Tmng H(,)a ‘Va, kh?l @ Tram Geodetic CORS
Sundalapd, c6 ranh gioi la dat gay 120__’\,5,1 t6c 3 cm/nén@
Song Hong. :
Xung quanh khu vuc nghién
ctru, mang An D§ x6 vao luc dia 10°
Trl}r}g. Hoa} ¢ phia Tay Bac; Méng o | o &
Philipin bi hat chim xudng dudi g- Conbao | ° L
khoi Sundaland theo hudng Tay
Bac véi toc d6 khoang 7 cm/nam & |
kh A Pai L \ an 9 6 T T | — T T T
u vuc gan Dai Loan va trén 102°  104° 106° 108° 110° 112° 114° 116° 118°

cm/ndm ¢ khu vye Mindanao.  gpp 1. Khu vue nghién ciru va vi trf céc diém Geodetic CORS [20].
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Qb. Trwdng Sa o
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Miéng Australia bi hit chim xuéng duéi khdi Sundaland véi toc d6 trén 9 cm/ndm & phia
Nam theo hudng Béc - Pong Béc [22]. Theo cac két qua nghién ciru dia chat va dia kién tao
¢ Viét Nam, khu vuc nghién ctru dugc chia ra céac khdi cAu tric kién tao nhu: Khdi Muong
Té, khéi Dbong Bic, khdi Bién Dong, khéi Tay Bic - Béc Trung Bo, va khdi Nam Trung Bo
- Nam Bo. Cac khéi nay c6 nhimng dic trung riéng vé lich sir hinh thanh va phat trién. Giira
cac khdi nay 1a cac dit gay nho [2].

2.2. 86 liéu nghién citu

Trong nghién cru nay, sb lidu van toc dich chuyén cta 21 diém ludi Geodetic CORS
trén lanh thd Viét Nam duoc sir dung. S6 liéu nay duge do dac tir nam 2019 dén 2021, duoc
xir Iy bang phan mém BERNESE trong ITRF 2014, dugc cong bd trong tai lidu [20]. Vi tri
va van toc dich chuyén trong hé toa dJ dia dién cia cac diém nay dugc trinh bay trén Hinh 1
va Bang 1 [20].

Bang 1. S6 liéu van toc dich chuyén cua 21 diém ludi Geodetic CORS trén lanh thd Viét Nam [20].

VE VN VU VE VN VU
STT  Tram (mm/nim) (mm/nim) (mm/nim) STT  Tram (mm/nim) (mm/ndm) (mm/nim)

1 CBAN 33,7 -11,6 3,6 12 MCAI 32,7 -13,2 0.2
2 CRKH 28,9 -11,6 1,5 13 MCHA 32,1 -4.4 2.1
3 DIEB 33,8 -9,3 2,1 14  MGTE 34,0 9,1 1.9
4 DNON 28,6 -94 -0,3 15 QNAM 30,9 -10,2 -1.2
5 DSON 32,8 -10,0 1,6 16 TDUO 32,2 -9,0 2.4
6 HGIA 34,5 -84 4,6 17  THOA 31,1 -9.9 0.9
7 HTIE 27,5 -8,5 -1,6 18  TNIN 28,3 -9,0 1.7
8 KANH 31,4 -9.9 3,0 19 TQUA 33,7 -10,1 4.1
9 KSAN 31,8 -7,1 0,1 20  VINH 31,5 -9.9 L.5
10 KTUM 31,0 -11,3 -0,9 21 VUNT 29,5 -11,2 -0.5
11 LCAI 38,0 -14,2 2,6 Trung binh 31.81 -9,87 1,40

2.3. Xdy dung phuong phap xdc dinh t6c dé thay doi ciia cac tham sé chuyén doi toa do theo
véc to vin toc chuyén dich vé Trdi dat
2.3.1. Phuong phap xéc dinh cac tham sé chuyén doi giira hai hé toa do

Goi toa do vudng goc khong gian trong h¢ toa d¢ thir nhat (XM, YO, z). Toa d nay
duoc tinh chuyén sang hé toa do thir 2 (X®, Y®, Z®) theo cong thirc sau [23]:

X (2) Xo 1 e, —e]rx®
Y Yo[+ m|—e, 1 ex ||lYy® (1)
7.(2) Zy ey & 1 |[LlzM

Trong d6 Xo, Yo, Zo 1a tham sb 1éch gdc giita hai h¢ toa do (toa do cua gdc hé toa do thir
nhét trong h¢ toa do thir 2); ey, ey, e, 1a cac tham s6 goc xoay Ole, xoay cho cac tryc toa do
ctia hai hé vé twong tng song song voi nhau; m 1a tham s ty 1& chidu dai gifra hai hé toa do.
Day chinh 1a 7 tham s6 chuyén doi giira hai hé toa do.

Pé xac dinh 7 tham sb trén can co it nhit 3 diém song trung (c6 toa d6 vudng goc khong
gian trong ca hai h¢ toa do). Néu s diém song trung nhiéu hon 3, cac tham sb s& dugc xac
dinh theo nguyén 1y s6 binh phuong nho nhat [23, 24]. Khi d6, voi diém j ta c6 phwong trinh
s6 hiéu chinh:

Vy Xo] [dm e —ey]x® XD — x@
[Vy Y, —e, dm e; [|[YD| +|Y®D —y®@ 2
vzl Zy e, —e dm]|lz® ]. 7MW _7(2) ].

Trgng giéj =1,2,3..n, n la sb diém song trung (n > 3); dm = m-1.
Bién doi ta duoc:
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"X, ]
Yo
Vy 100 0 -zO YO xO1|z,] [k
[Vy] :[0 1 0 z@® 0 X YOI | e |+l 3)
vzl 0 01 Yy®» x®» 0 Z(l)]. ey lz]-
eZ
Ldm-
Trong do:
Iy X - x@
L =[y®-—y® 4)
1, j 7D _7(2) ].

Giai hé phuong trinh (3) s& x4c dinh dwoc 7 tham s6 chuyén ddi toa do.

2.3.2. Xay dung phuong phap xac dinh anh huong cua dich chuyén vé Trdi dit dén cdc tham
s0 chuyén doi toa do

Dich chuyén vo Trai dit duge biéu thi bﬁng cac véc to van tde dich chuyén toa do Vy,
Vy, Vz. Anh huong cua dich chuyén nay s& lam cho céc tham sO chuyén d6i toa do bi thay
doi. Trong phan nay s& xdy dung phuong phap xac dinh téc do thay d6i cia cac tham sb
chuyén doi toa do theo cac véc to dich chuyén vo Trai dat. Day la van dé Iy thuyét mai, chua
dugc trinh bay trong céc tai li¢u trong va ngoai nudc.

Gia sir hé toa do thir nhét 1a hé toa do tinh (X, Y, Z)1, khong thay d6i theo thoi gian; h¢
toa d thir hai 14 hé toa d6 dong (X, Y, Z)», thay ddi theo thoi gian. O thoi diém khoi dau t,
hé toa d6 thir nhat va thir hai trung nhau. Nhu vay, tai diém j, toa d6 ctia n6 trong ca 2 h¢ la
nhu nhau, déu 1a (X, YO, ZM);. Cac tham s6 chuyén ddi giira hé toa do thir nhat va thi hai
déu bang khong.

Pén thoi diém to, do hoat dong kién tao (chuyén dich vo Trai dat) nén hé toa do dong (X,
Y, Z), thay d6i, 1am cho hé toa do thir 2 khac hé toa do thu nhét boi 7 tham sb. Toa d6 diém
j trong hé toa do thtr 2 1a (X@, Y@, Z®);. Cac tham sb dé chuyén dbi tir hé toa do thir nhét
sang h¢ toa do thur hai dugc xéc dinh theo ly thuyét trinh bay ¢ muc 2.3.1.

Néu t - t; = 1 nam thi cac tham s6 chuyén ddi chinh 1a toc d6 thay doi ciia cac tham sb
d6 trén nam (Vxo, Vvo, Vzo, Vex, Vey, Vim); d6 1éch toa do cua dlem j trong hé toa do thur 2
giita thoi diém t; va t, chinh 1a téc d6 thay d6i toa do (chinh 1a van téc chuyén dich cua diém
trong h¢ toa d§ vudng goc khong gian dia tam) Vy, Vy, Vz. Nghia la:

IX X(l) — X(Z) VX
L] =lyw _yo| = —|v (5)
IZ . Z(l) — Z(Z) j VZ

)

Thay vao phuong trinh (3), phuong trinh s6 hiéu chinh dé xac dinh téc do thay d6i 7
tham so6 la:

Vo1
Vyo
Vy 1 0 0 0 —7)  y@®  x®71 [ Vzo Vx
[Vy] = [0 1 0 Z(l) 0 —X(l) Y(l) Vex - VY (6)
vl looo 1 ym xm 0 zZWL|Vey| LVzl,
VEZ
[V, ]
Giai hé phuong trinh nay, s& xac dinh duoc téc do6 thay d6i ciia 7 tham sd. Pat:
Vy 1 0 0 o -z y®» x®
Vi=|[Y%]|;A=|0 1 0 z® o —Xx® YO (7)
vl 0 0 1 yO x® 0ozl
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Vio
Vyo
Vx Vzo
Lj = — [Vy[; AX = [ Vex
Vzl, Vey
Vez
L Vi,
Ta c¢6 hé phuong trinh dang ma tran d6i vé6i diém j.
V; = AjAX + L (8)
Khi ¢6 n diém ta s& 1ap duoc hé 3n phwong trinh c6 dang
V=AAX+L 9)
Trong do6:
A Vi Ly
A=zl v= |21 L=l (10)
A, Vi |
Ta c6 hé phuong trinh chuan véi P 1a ma tran trong so:
(ATPA)AX + (ATPL) = 0 (11)
Giai ra ta duogc:
AX = —(ATPA)~1(ATPL) (12)

Két qua xéc dinh duogc tde do thay ddi cua 7 tham s chuyén ddi gitra hai hé toa do:
Vo Vyo, V20, Vexs Vey, Vez, Vin. Toc d6 nay biéu thi anh hudng cua dich chuyén vo Trai dat
dén cac tham sd chuyen doi toa do.

3. Két qua va thao luin

3.1. Két qua tinh chuyén van toc dich chuyén tir hé toa do dia dién sang hé toa do dia tam

Pé tinh dugc toc do thay doi 7 tham s, trude hét can tinh chuyén van tdc dich chuyen
tir he toa do dia dién Ve, Vn, Vy sang h¢ toa d6 dia tdm Vx, Vy, Vz. Phuong phap tinh chuyén
van tdc da duoc trinh bay chi tiét trong tai lidu [25]. Két qua tinh chuyén van tdc tir hé toa do
dia dién sang h¢ toa d¢ dia tdim dugc trinh bay trén Bang 2.

Bang 2. Két qua tinh chuyén van tde tur hé toa do dia dién sang h¢ toa do dia tam.

. Vx Vy Vg . Vx Vy Vz

STT PDiém < < < STT Piém (mm (mm/ (mm/

(mm /nidm) (mm/nim) (mm /nam) < < <

/nam) nam) nam)

1 CBAN -34,5 -1,9 93 12 MCAI -32,7 -53 -12.2
2 CRKH -28,6 -5,8 -11,0 13 MCHA  -31,9 -4,7 -3.4
3 DIEB -34,1 -2,4 -7,9 14 MGTE -34,3 -2,4 -7.7
4 DNON -27,8 -7,1 93 15 QOQNAM  -29.8 -8,2 -10.1
5 DSON -32,9 -4,7 -8,8 16 TDUO -32,5 -3,0 -1.7
6 HGIA -35,3 -1,7 -6,0 17 THOA 31,1 -4.4 -9.0
7 HTIE -26,6 -6,9 -8,6 18 TNIN -28,1 -4.5 -8.5
8 KANH -31,8 -3,1 -8,5 19 TQUA -34,5 -1,5 -7.9
9 KSAN 31,1 -7,1 -6,8 20 VINH -31,6 -4,1 -8.9
10 KTUM -30,1 -7,8 -11,2 21 VUNT -28,6 -7,2 -11.1

11 LCAI -38,8 -1,6 -12,1 Trung binh -31,75 -4,54 -8,86

3.2. Két qud tinh téc do thay déi cac tham s6 chuyén déi toa dé theo vén toc dich chuyén Vo
Trai dat
Theo phuwong phap dugc xay dung trong myc 2.3, tdc do thay dbi caa 7 tham sb chuyen

toa d¢ duogc tinh todn theo van toc dich chuyén vo Trai d4t cia 21 diém Geodetic CORS. Két
qué thanh 1ap hé phuong trinh s6 hiéu chinh dugc trinh bay trén Bang 3.
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Bing 3. Hé phuong trinh s6 hi¢u chinh.
STT Vxo Vyo Vzo Vex Vey Ve Vm L

1 1.00E+00 0.00E+00 0.00E+00  0.00E+00 -2.44E+06 5.65E+06 -1.64E+06 3.45E-02
2 0.00E+00 1.00E+00 0.00E+00 2.44E+06 0.00E+00 1.64E+06 5.65E+06 1.90E-03
3 0.00E+00 0.00E+00 1.00E+00 -5.65E+06 -1.64E+06 0.00E+00 2.44E+06 9.30E-03
4 1.00E+00 0.00E+00 0.00E+00  0.00E+00 -1.31E+06 5.90E+06 -2.05E+06 2.86E-02
5 0.00E+00 1.00E+00 0.00E+00 1.31E+06 0.00E+00 2.05E+06  5.90E+06 5.80E-03
6 0.00E+00 0.00E+00 1.00E+00 -5.90E+06 -2.05E+06 0.00E+00 1.31E+06 1.10E-02
7 1.00E+00 0.00E+00 0.00E+00  0.00E+00 -2.32E+06 5.79E+06 -1.34E+06 3.41E-02
8 0.00E+00 1.00E+00 0.00E+00 2.32E+06  0.00E+00  1.34E+06 5.79E+06 2.40E-03
9 0.00E+00 0.00E+00 1.00E+00 -5.79E+06 -1.34E+06 0.00E+00 2.32E+06 7.90E-03
10  1.00E+00 0.00E+00 0.00E+00 0.00E+00 -1.32E+06 5.95E+06 -1.89E+06 2.78E-02
11 0.00E+00 1.00E+00 0.00E+00 1.32E+06  0.00E+00 1.89E+06 5.95E+06 7.10E-03
12 0.00E+00 0.00E+00 1.00E+00 -5.95E+06 -1.89E+06 0.00E+00  1.32E+06 9.30E-03
13 1.00E+00 0.00E+00 0.00E+00 0.00E+00 -2.24E+06 5.71E+06 -1.72E+06 3.29E-02
14  0.00E+00 1.00E+00 0.00E+00 2.24E+06  0.00E+00 1.72E+06 5.71E+06 4.70E-03
15 0.00E+00 0.00E+00 1.00E+00 -5.71E+06 -1.72E+06 0.00E+00 2.24E+06 8.80E-03
16  1.00E+00 0.00E+00 0.00E+00  0.00E+00 -2.46E+06 5.68E+06 -1.52E+06 3.53E-02
17 0.00E+00 1.00E+00 0.00E+00 2.46E+06 0.00E+00 1.52E+06 5.68E+06 1.70E-03
18  0.00E+00 0.00E+00 1.00E+00 -5.68E+06 -1.52E+06 0.00E+00 2.46E+06 6.00E-03
19  1.00E+00 0.00E+00 0.00E+00 0.00E+00 -1.14E+06 6.08E+06 -1.57E+06 2.66E-02
20  0.00E+00 1.00E+00 0.00E+00 1.14E+06 0.00E+00 1.57E+06  6.08E+06 6.90E-03
21 0.00E+00 0.00E+00 1.00E+00 -6.08E+06 -1.57E+06 0.00E+00 1.14E+06 8.60E-03
22 1.00E+00 0.00E+00 0.00E+00 0.00E+00 -1.97E+06 5.82E+06 -1.70E+06 3.18E-02
23 0.00E+00 1.00E+00 0.00E+00 1.97E+06 0.00E+00 1.70E+06 5.82E+06 3.10E-03
24 0.00E+00 0.00E+00 1.00E+00 -5.82E+06 -1.70E+06 0.00E+00 1.97E+06 8.50E-03
25  1.00E+00 0.00E+00 0.00E+00 0.00E+00 -1.81E+06 5.85E+06 -1.76E+06 3.11E-02
26 0.00E+00 1.00E+00 0.00E+00 1.81E+06 0.00E+00 1.76E+06  5.85E+06 7.10E-03
27  0.00E+00 0.00E+00 1.00E+00 -5.85E+06 -1.76E+06 0.00E+00 1.81E+06 6.80E-03
28  1.00E+00 0.00E+00 0.00E+00 0.00E+00 -1.57E+06 5.88E+06 -1.91E+06 3.01E-02
29  0.00E+00 1.00E+00 0.00E+00 1.57E+06 0.00E+00 1.91E+06 5.88E+06 7.80E-03
30  0.00E+00 0.00E+00 1.00E+00 -5.88E+06 -1.91E+06 0.00E+00 1.57E+06 1.12E-02
31  1.00E+00 0.00E+00 0.00E+00 0.00E+00 -2.43E+06 5.72E+06 -1.42E+06 3.88E-02
32 0.00E+00 1.00E+00 0.00E+00 2.43E+06 0.00E+00 1.42E+06 5.72E+06 1.60E-03
33 0.00E+00 0.00E+00 1.00E+00 -5.72E+06 -1.42E+06 0.00E+00 2.43E+06 1.21E-02
34  1.00E+00 0.00E+00 0.00E+00 0.00E+00 -2.32E+06 5.65E+06 -1.83E+06 3.27E-02
35 0.00E+00 1.00E+00 0.00E+00 2.32E+06  0.00E+00 1.83E+06 5.65E+06 5.30E-03
36  0.00E+00 0.00E+00 1.00E+00 -5.65E+06 -1.83E+06 0.00E+00 2.32E+06 1.22E-02
37 1.00E+00 0.00E+00 0.00E+00  0.00E+00 -2.25E+06 5.77E+06 -1.51E+06 3.19E-02
38  0.00E+00 1.00E+00 0.00E+00 2.25E+06 0.00E+00 1.51E+06 5.77E+06 4.70E-03
39  0.00E+00 0.00E+00 1.00E+00 -5.77E+06 -1.51E+06 0.00E+00 2.25E+06 3.40E-03
40  1.00E+00 0.00E+00 0.00E+00 0.00E+00 -2.41E+06 5.75E+06 -1.31E+06 3.43E-02
41  0.00E+00 1.00E+00 0.00E+00 2.41E+06 0.00E+00 1.31E+06 5.75E+06 2.40E-03
42 0.00E+00 0.00E+00 1.00E+00 -5.75E+06 -1.31E+06 0.00E+00 2.41E+06 7.70E-03
43 1.00E+00 0.00E+00 0.00E+00 0.00E+00 -1.72E+06 5.82E+06 -1.94E+06 2.98E-02
44  0.00E+00 1.00E+00 0.00E+00 1.72E+06 0.00E+00 1.94E+06 5.82E+06 8.20E-03
45  0.00E+00 0.00E+00 1.00E+00 -5.82E+06 -1.94E+06 0.00E+00 1.72E+06 1.01E-02
46  1.00E+00 0.00E+00 0.00E+00 0.00E+00 -2.09E+06 5.83E+06 -1.50E+06 3.25E-02
47  0.00E+00 1.00E+00 0.00E+00 2.09E+06 0.00E+00 1.50E+06 5.83E+06 3.00E-03
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STT Vxo Vyo Vzo Vex Vey Ve Vm L

48  0.00E+00 0.00E+00 1.00E+00 -5.83E+06 -1.50E+06 0.00E+00 2.09E+06 7.70E-03
49  1.00E+00 0.00E+00 0.00E+00 0.00E+00 -2.14E+06 5.78E+06 -1.63E+06 3.11E-02
50  0.00E+00 1.00E+00 0.00E+00 2.14E+06 0.00E+00 1.63E+06 5.78E+06 4.40E-03
51 0.00E+00 0.00E+00 1.00E+00 -5.78E+06 -1.63E+06 0.00E+00 2.14E+06 9.00E-03
52 1.00E+00 0.00E+00 0.00E+00 0.00E+00 -1.25E+06 6.01E+06 -1.73E+06 2.81E-02
53  0.00E+00 1.00E+00 0.00E+00 1.25E+06 0.00E+00 1.73E+06 6.01E+06 4.60E-03
54  0.00E+00 0.00E+00 1.00E+00 -6.01E+06 -1.73E+06 0.00E+00 1.25E+06 8.50E-03
55 1.00E+00 0.00E+00 0.00E+00 0.00E+00 -2.36E+06 5.72E+06 -1.55E+06 3.45E-02
56  0.00E+00 1.00E+00 0.00E+00 2.36E+06 0.00E+00 1.55E+06 5.72E+06 1.50E-03
57  0.00E+00 0.00E+00 1.00E+00 -5.72E+06 -1.55E+06 0.00E+00 2.36E+06 7.80E-03
58 1.00E+00 0.00E+00 0.00E+00 0.00E+00 -2.03E+06 5.82E+06 -1.63E+06 3.16E-02
59  0.00E+00 1.00E+00 0.00E+00 2.03E+06 0.00E+00 1.63E+06 5.82E+06 4.10E-03
60  0.00E+00 0.00E+00 1.00E+00 -5.82E+06 -1.63E+06 0.00E+00 2.03E+06 8.90E-03
61 1.00E+00 0.00E+00 0.00E+00  0.00E+00 -1.14E+06 6.00E+06 -1.85E+06 2.86E-02
62  0.00E+00 1.00E+00 0.00E+00 1.14E+06 0.00E+00 1.85E+06 6.00E+06 7.20E-03
63 0.00E+00 0.00E+00 1.00E+00 -6.00E+06 -1.85E+06 0.00E+00 1.14E+06 1.11E-02

Nhu vy, voi 21 diém dich chuyen chiing ta 1ap dugc 63 phuong trinh sb hiéu chinh. Tir
hé phuong trinh nay, dé giai ra 7 4n sb, ta 1ap dugc hé 7 phuong trinh chuin (Bang 4).

Bing 4. Hé phuong trinh chuan.

Vxo Vyo Vzo Vex Vey Ve Vi LTPL
2.10E+01  0.00E+00  0.00E+00 0.00E+00 -4.07E+07  1.22E+08 -3.50E+07 6.67E-01
2.10E+01  0.00E+00 4.07E+07  0.00E+00  3.50E+07  1.22E+08 9.56E-02
2.10E+01 -1.22E+08 -3.50E+07  0.00E+00  4.07E+07 1.86E-01
7.95E+14  2.04E+14  6.67E+13  -1.30E-03  -9.13E+05
1.43E+14 -2.36E+14 7.00E-04 -1.63E+06
7.70E+14  -1.60E-03  4.04E+06
8.54E+14  -1.90E+05
2.36E-02

Giai hé phuong trinh chuén, toc d6 thay doi ciia 7 tham sé do dich chuyén cua vo Trai
dat duoc xac dinh. Két qua tinh toan duoc trinh bay trén Bang 5 (dong thir 2). Tur két qua nay
cho thiy: do dich chuyén vo Trai dat lam cho 7 tham s6 chuyen d6i toa do tir hé toa do tinh
(VN2000) sang h¢ toa do dong (ITRF) thay dbi. Toc do thay dbi theo truc X 1a 6,68 mm/nim,
theo truc Y 1a 5,04 mm/nam, theo truc Z la 15,79 mm/nam. Céac tham sb vé hudng va ty 1¢
chiéu dai ciing thay doi.

Bang 5. Két qua xac dinh toc d6 thay doi cua 7 tham sé chuyén toa d do anh hudng cta dich chuyén

vo Trai dat.
Vxo Vyo Vzo Vex Vey Ve v
Phuong 4n tinh tedin  (mm/ (mm/ (mm/ (0.001”/ (0.001”/  (0.001%/ ™
< < < < < < (ppb/nam)
nam) nam) nam) nam) nam) nam)

Theo phuong phép 6,68 504 1579 04241 13334 -0,9753 -0,9777
cua bai bao

Theo toa d6 2 chu ky 6,57 5,06 15,79 0,4212 1,3342 -0,9751 -0,9816
Chénh 1éch -0,11 0,02 -0,08 -0,0029 0,0003 -0,0038 -0,0040

Dé kiém tra phuong phap ciing nhur két qua tinh toan, chung toi tinh toan téc do thay d6i
ctia 7 tham sb theo phuong phap khac da co nhu sau: tir toa do ctia cic diém trong hai hé toa
dd ¢ 2 chu ky tinh ra 2 bo tham ) chuyén ddi. Sau do, léy hiéu 2 bd tham sd nay va chia cho
thoi gian giita 2 chu ky. Chi tiét vé phuong phap tinh niay dwoc trinh bay trong céc tai liéu
nhu [3, 13, 15]. Két qua tinh theo phuong phap toa do nay dugc trinh bay & dong 3, Bang 3.
Chénh léch gitta 2 phuong phép tinh dugc trinh bay trén Bang 3 (dong 4).
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3.3. Thdo ludn

Bang 2 cho thiy: cac diém dich chuyen theo cac truc toa do khong bang nhau: dich
chuyén theo truc X 1a nhiéu nhat, sau d6 dén truc Z, it nhat 1a truc Y. Trén mdi truc, cac diém
cling dich chuyen khac nhau: Theo truc X, dich chuyen nhiéu nhit 1a diém LCAI (-38.8
mm/nam), it nhat 1a diém HTIE (-26,6 mm/nam). Theo truc Y, dich chuyén nhiéu nhit 1a
diém QNAM (-8,2 mm/ndm), it nhit 13 diém TQUA (-1,5 mm/nam). Theo truc Z, dich chuyén
nhiéu nhit 13 diém MCAI (12,2 mm/nim), it nht 13 diém MCHA (-3,4 mm/nam). Mdi nim
toa do cac diém dich chuyén trung binh theo truc X l1a -31,75 mm/nam, tryc Y la -4,54
mm/nim, truc Z 13 -8,86 mm/nam. Su dich chuyén nay s& anh hudng dén toc do thay doi cua
7 tham sé tinh chuyén toa do.

Tur céc két qua tinh toan trong Bang 3,4 va 5 thiy rang: theo phuong phap cua bai bao
nay xdy dung, chung ta c6 thé tinh ‘ngay dugc anh hudng cua dich chuyén vo Trai dat (Vx,
Vv, Vz) dén cac tham sd chuyén ddi toa d6 ma khong can phai tinh theo tung chu ky. Diéu
nay rat thuan loi khi sir dung cac két qua nghién ctru chuyen dich trong qua khur khi khong
con luu trit dugc toa do hodc khong céan phai tinh chuyén toa do sang h¢ toa d§ mdi. Két qua
xac dinh toc do dich chuyen ctia cac tham sb s& dugc sir dung dé tinh chuyen toa do gilra
VN2000 va ITRF cho cac diém khac trén lanh thd Viét Nam theo timg thoi diém ma tai d6
chi ¢o6 toa d§ & mot trong hai hé toa do.

Két qua kiém tra trong Bang 5 cho thay: chénh léch giita 2 phuong phap tinh rat nho:
chénh 1éch vé toa d6 16n nhit chi 1a 0,11 mm; chénh léch vé huéng 16n nhit 1a 0,387x107%;
chénh 1éch vé ty 1¢ chiéu dai chi 12 0,004 phan ty. Chénh léch nay chi & mtc sai s tinh toan,
lam tron. Dleu nay ching to phuong phap tinh anh huéng cua dich chuyén vo Trai dat dén
cac tham sd chuyén doi toa ¢ ma bai bao xay dung va két qua tinh toan 1a hoan toan ding
dén, chinh xac.

4. Két luan

Bai bao da nghién ctru va xay dung dugc phuong phap xac dinh tryc tiép tdc do thay d6i
cua cac tham so chuyen d6i toa do theo véc to van toc chuyen dich vo Trai dat. Toc do thay
ddi cua 7 tham s chuyen ddi toa dd dugce tinh theo van tdc dich chuyen v6 Trai dat tai 21
diém Geodetic CORS trén lanh thd Viét Nam. Kiém tra bang cach so sanh v6i phuong phap
tinh theo toa d6 & 2 chu ky cho thay phuong phap ma bai bao xay dung va két qua tinh toan
hoan toan chinh xac.

Phuong phap ma bai bao duara c6 uu diém 1a co thé tinh ngay dugc anh huong cua dich
chuyen vo Trai dat dén cac tham s chuyén ddi toa do ma khong can phai tinh theo timg chu
ky. Diéu nay rat thuan loi khi sir dung céc két qua nghién ctru chuyén dich di co.

Phuong phap nay s€ duoc img dung dé nghién ciru xac dinh anh huéng cua dich chuyén
vo Trai dit dén cac tham sé chuyén ddi toa do tir hé toa do tinh sang hé toa do dong.

Pong gop ciia tic gia: Xay dung ¥ tuong nghién ciru: N.V.S.; Xir Iy s6 liéu: L.T.T.T.; Viét
ban thao bai bao: L.T.T.T.; Chinh sira bai bao: N.V.S.

Loi cam on: Nghién ctru nay duoc su hd tro cia dé tai cap bo cua Bo Tai nguyén va Moi
truong, ma so: TNMT.2024.04.09.

Loi cam doan: Tap thé tac gia cam doan bai bdo nay 1a cong trinh nghién ctru cua tap thé

tac gia, chua dugc cong bd ¢ dau, khong duoc sao chép tir nhitng nghién ciru trude day;

khong c6 sy tranh chap loi ich trong nhom téc gia.
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The effect of the crustal motion on the coordinate transformation
parameters

Le Thi Thanh Tam', Nguyen Van Sang'*

! Hanoi University of Mining and Geology; thanhtamtdcc@gmail.com;
nguyenvansangtd40@gmail.com

Abstract: The paper presents the results of determining the effect of the crustal motion on
the coordinate transformation parameters between static coordinate systems (VN2000) and
dynamic coordinate systems (ITRF). A method for determining the velocity of coordinate
transformation parameters according to the velocity vector of the crustal motion has been
developed. The velocities of 7 coordinate transformation parameters in Vietnam territory
have been calculated according to the crustal motion velocities at 21 Geodetic CORS points.
These calculated velocities are checked by comparing with the results of calculation method
according to the coordinates at two cycles. The test results show that the differences between
the velocities of two calculation methods are: in coordinates less than 0.11 mm; in direction
less than 0.38”x107; in length ratio is 0.004x10®. This proves that the method of
determining the effect of the crustal motion on the coordinate transformation parameters in
this paper and the calculation results are completely accurate.

Keywords: Crustal motion; Coordinate transformation parameters; Geodetic CORS.
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Tém tit: Nghién ctru ap dung hé théng d@)ng hoéa td hop dua trén bg loc Chuyén dang dia
phuong Kalman (LETKF - Local Ensemble Transformation Kalman Filter) phét trién cho
mé hinh khu vuc WRE-ARW va két hop véi du bao phan gidi cao (1km X lkm, ki hiéu
LETKF_WRF-1km) dé ting cuong chat luong du bdo mua cho cac luu vyc trén lanh thd
Viét Nam. Nghién ciru trinh bay céc két qua du bao dong chay bang mé hinh thily vin cho
lru vue song Thao v6i dau vao tir s6 liéu dy bao cia mo hinh toan cau cua Chau Au (IFS),
My (GFS), Nhat Ban (GSM) va phan giai cao (LETKF_WRF-1km) cho cac dot 1 dién hinh
trong nam 2022 va 2023.

Twr khoa: Du bdo dong chay; Luu vuc song thao; Du bdo mua mo hinh s6 tri.

1. M& dau

Thong tin du bao dinh lugng vé mua va dic biét 1a mua 16n cuc doan trén lanh thod Viét
nam s€ cho phep tang cuong du bao chinh xac hon ve thuy van (canh bao 1, 1t quet, dong
chay, sat 16 dat...) va qua dé ting cuong cong tac phong chong thién tai gidm nhe thiét hai do
mua 16n, 1ii quét gay ra. Trong du bao nghiép vu, van dé du bao mua, dic biét dy bao dinh
luong mua QPF (Quantitaive Precipitation Forecast) 1a mot bai toan vo cung phuc tap khong
chi & Viét Nam, ma con ctia nhidu nuéc c¢6 nén khoa hoc cong nghé tién tién nhu Hoa Ky,
b, Nhat Ban [1, 2].

Bén canh phuong phap Synop truyén thong cho dy bao mua dinh tinh, cac phuong phap
thong ké va phuong phéap sb (goi tat 1a mo hinh sé hay NWP - Numerical Weather Prediction)
du bao QPF da duogc phit trién tir ‘nhiing ndm 50 cua thé ky trudc va dén nay dé tro thanh
phuong phéap du bao QPF chinh thdng tai nhiéu trung tim du bao 16n trén thé gidi. Vi nhimg
phat trién trong cong nghé tinh toan hiéu ning cao da cho phép tng dung NWP ¢ quy md
khong gian rit nho, ddc biét trén cac luu vuc séng Gmg dung trong linh vuc thuy van. Dé nang
cao d¢ chinh xac cta truong ban dau cho cac NWP 1a phwong phap dong hoa sb lidu trong
d6 thuc hién nhimg phén tich t6i wu lai truong ban dau tir sb licu tham sat bd sung & quy md
dia phuong qua d6 giam thiéu dwoc t6i da nhirg phat sinh do sai sé ban dau gay ra [3-6].

Tai Viét Nam, bén canh cac mé hinh toan cau GSM cua Co quan khi tuong Nhat Ban
(JMA) va GFS cua Trung tim Dy bao méi truong qudc gia Hoa Ky (NCEP), duoc sy dau tur
Tap chi Khi twong Thiiy vén 2025, 773, 75-87; doi:10.36335/\VNJHM.2025(773).75-87  http:/tapchikttv.vn/
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ctia BO Tai Nguyén va Méi Trudng, tir cudi nam 2011, Trung thm Dy bao KTTV qudc gia
da thu nhan dir liéu du bao géc tor Trung tam Dy bao han vira Chau Au véi 3o phan giai theo
chiéu ngang 14 km cho mo hinh tat dinh IFS va 28 km cho h¢ thong du bao t6 hop, han dy
béo dén 10 ngay. Hién tai, do phan giai cua IFS xap xi 9 km va day la mot trong nhirg mo
hinh guy md toan cdu c6 d tin cay cao nhét vé& du bao cac yéu td khi tugng hién nay theo
hau hét cac nghién ctru va danh gia trén thé gidi. Ngoai cac hé théng mé hinh khu vuc trude
day (mg dung tai Trung tim Dy bao KTTV qudc gia nhu HRM, COSMO ctia Co quan khi
trong lién bang Buc (DWD), mo hinh WRF-ARW dé duoc Gmg dung trong nghiép vu tur
nam 2005 (trong hé théng du bao t6 hop han ngan SREPS, d6 phan g1a1 16 km). Trong khuén
khé Dy an “Tang cuong hé thong du bao thoi tiét va canh bao sém” do Ngan hang thé giéi
tai trg, hé théng tinh todn da dugc nang cép 1€n si€u may tinh CrayXC40 tir cudi nim 2018,
md hinh WRF-ARW phién ban 3.9.1.1 da dugc thiét 1ap chay nghiép vu v6i do phan giai
ngang la 3km x 3km sir dung diéu kién bién tir mé hinh IFS (d9 phan giai 9km) véi mién tinh
bao phi toan b 1anh thd Viét Nam va Bién Dong, thoi gian tich phan du bao han 72 gio sur
dung toan bo ning lyc cua hé thong (~ 70-80Tflops) hét 45 phat [1]. Trong nghién ctru [1]
ciing da dua ra cac két qua danh gia két qua du bao mua ciia mo hinh IFS, WRF3kmIFS va
WRF3kmIFS-DA trong nim 2020 cho khu vuc Viét Nam va chi tiét cho khu vuc Bic Bo
(khu vyc chira luu vue song Thao) cho thiy kha ning tang cuong ki nang du bao cta cac mo
hinh phén gidi cao WRF3kmIFS déc biét ¢ cdc phan cap mua 16n trén 20 mm/24h va cac
ngudng 16n (50 mm va 100 mm) so véi hé thong toan cau IFS. Bén canh d6, viéc bd sung
qua trinh dong hoa s6 liéu ciing cho phép ting duoc kha ning phat hién hién twong mua cuc
tri hon so voi IFS va WRF3kmIFS.

D6i v6i han dai hon dén 10 ngay, viéc cac thong tin diéu kién bién tir cac mo hinh toan
cau chira nhiéu sai s6 16n s& dan toi san pham QPF cuc doan & han dén 10 ngay c6 sai sd rat
16n va chi yéu duoc khai thac truc tiép tir cac mo hinh quy mo toan cau. Gan day, hudng tiép
can két hop ha quy mé phan giai cao tir cac thanh phan chinh (control) hoic trung binh (mean)
tir cac hé thong dy bao to hop trong d6 khong gian nghiém cua hé dy bao t6 hop duoc cap
nhat phu hop v6i quan trac c6 dugc sao cho phi sat nhat véi khong gian nghiém thyc té la
tién dé cho viéc trién khai cac hé thong ting cudng chat luong du bao muwa han dén 10 ngay
[4].

Muc tiéu ctia nghién ctru 13 viéc tng dung hé théng ddng héa t6 hop dua trén bo loc
chuyén dang dia phwong Kalman (LETKF - Local Ensemble Transformation Kalman Filter)
phat trién cho mé hinh khu vee WRF-ARW va két hop véi du béo phan giai cao (1km x 1km,
ki hiéu LETKF_WRF-1km) d¢ ting cuong chat luong du bao mua cho cac luu vuc trén lanh
tho Viét Nam. Nghién ctru trinh bay cac két qua du bao dong chay bang md hinh thuy van
MIKE-NAM cho luu vuc song Thao véi dau vao tir s6 liéu du bao ciia mé hinh toan cau cua
Chau Au (IFS), My (GFS), Nhat Ban (GSM) va phén giai cao (LETKF WRF-1km) cho mot
sO dot 18 dién hinh trong nam 2022 va 2023.

2. Phuwong phap nghién ciru va s6 liéu sir dung
2.1. Hé thong dw bdo khi twong LETKF WRF-1km

Nghién ctru ap dung hé thong ddng hoa td hop dua trén bo loc chuyén dang dia phuong
Kalman (LETKF) phat trién cho mé hinh khu vue WRF-ARW [3, 4, 6]. Bé mé rong, nghién
ctru d4 nang cap st dung hé thdng mo hinh khu viee WRF véi nhan dong luc ARW phién ban
3.9.1.1 do Trung tdm du bao méi trudong qudc gia My (NCEP) phat trién (goi tat 1a WRE-
ARW). Pé tao ra du bao t6 hop (ensemble) nghién ctru dya trén viéc thay ddi cac lwa chon
vat Iy trong md hinh WRF-ARW gdm: (a) So d6 tham sé hoa dbi luu: so dd Kain-Fritsch
(KF) hoic Betts-Miller-Janjic (BMJ); (b) So dd birc xa song ngin Goddard hodc Dudhia; (c)
So d6 tham s6 hoa 16p bién ciia Yonsei University (YSU) hoic Mellor-Yamada-Janjic (MYJ),
d) So dd vi vat Iy may tir don gian dén phirc tap gdm so do Lin, WSM3, WSM5 dén WSM6
(khép kin 6 bac). Du bao trung binh t6 hop s& dugc sir dung 1am diéu kién bién cho dy bao
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phan giai cao 1km trén ting luu vire nghién ciru. Mot s6 nghién ctru img dung mo hinh WRF-
ARW cho khu vuc Viét Nam trong du bao mua duoc chi tiét trong cac cong trinh [7-11].

2.2. M6 hinh tai luu vuc song Thao

Mo hinh MIKE 13 bd mé hinh vé tai nguyén nudc do vién Thay lyc Dan Mach xay dung
[12-16]. MIKE da chimg minh dugc tinh wu viét cua minh trong mét thoi gian dai va duge
sir dung rong rai trong rat nhiéu nghién ctru tai cac luu vuc séng cua Viét Nam [17-27]. Bo
md hinh gdm réat nhiéu mé hinh nhoé gitip moé phong cac qua trinh thily van, thuy dong luc
hoc, van chuyen bun cat, chat luong nudc,... trong d6 mo6 hinh MIKE-NAM la mo6 hinh mua
rao - dong chay dang tat dinh, thong sb tap trung, gitip mé phong qué trinh dong chay tai cira
ra céc tiéu luu vue song. M6 hinh MIKE-NAM 1la md hinh cdi tién ctia mé hinh Nielsen-
Hansen dugc Vién Thuy lyc Dan Mach. M6 hinh gom 4 bé chtra, nguyén 1y tinh toan trong
mdi bé chira 13 giai phuong trinh can bang nude. Piéu khac biét so véi mo hinh TANK 1a
dong chay tir cac bé vao song, tinh theo mo hinh TANK 1a theo quy luét tuyén tinh con tinh
theo mé hinh MIKE-NAM 1a theo quy luat phi tuyén (dang dudng cong nudc rat) [28—30].

M6 hinh MIKE-NAM 1a mé hinh thiy vin mo phong qua trinh mua - dong chay dién ra
trén luu vye. Pay 1a mot mé hinh toan thiy vin bao gdm mét tap hop cac biéu thirc toan hoc
don gian dé mo phong cac qua trinh trong chu trinh thay van. M6 hinh MIKE-NAM la mé
hinh nhan thtc, tit dinh, thong s tap trung. M6 hinh MIKE-NAM mb phong qua trinh mua
- dong chay mot cach lién tuc thong qua tinh toan cn bang nudc ¢ bon bé chira thang ding,
co tac dung qua lai 1an nhau dé dién ta cac tinh chat vat Iy cua luu vyec.

Dit liéu dau vao cho mé hinh 1a mua, bdc hoi tiém ning, nhiét do (dbi voi nhimg ving
c6 tuyét). Két qua dau ra ciia mo hinh 13 dong chay trén luu vuc, muc nudc ngam va cac
thong tin khac trong chu trinh thuy van, nhu sy thay do6i tam thoi cua do a am cua dat va kha
nang bo sung nudc ngam. Dong chay trén luu vue duge phan gan dung thanh dong chay mat,
dong chay sat mat va dong chay ngam.

Qua trinh ng dung trong nghién ctru sé thuc hién theo trinh ty: (1) Thyuc hién thiét lap
dir liéu mua tir cdc mo hinh; (2) Thiét lap dit liéu dia hinh, dir liéu quan tric khi tuong thiy
van; (3) Thiét 1a4p mo hinh thuy vin MIKE-NAM: hiéu chinh, kiém dinh mé hinh; (4) Thuc
hién du bao, danh gia két qua du bao dong chay.

S6ng Thao 1a dong chinh ciia séng Hong bit ngudn tir day ntii Nguy Son, Van Nam
Trung Qudc cao 1.766 m, chay theo huéng Tay Bic - Pong Nam. Song Thao chay qua dja
phan tinh Yén Bai véi chiéu dai 100km bat d4u tir Lang Thip (Van Yén) dén Vin Tién (Tran
Yén) va dién tich luu vure 12 2.700 km?, ¢6 48 ngoi 1a cac phu luu trong d6 ¢6 4 phu lwu 16n
la: Ngoi Thia, Ngoi Hut, Ngoi Lau, Ngoi Lao.

Ché d6 mua gay 1ii trén song Thao c6 lién quan mat tiét voi cac hoan luu 16n phia Dong,
phia Tay, phia Bic va phia Nam, dién hinh 13 c4c hinh thé dai hoi tu nhiét d6i, xody thuan
nhiét déi, ranh thip néng phia Tay, xoay thp trén cao, front lanh va t6 hop phirc tap cua
ching. Luong mua trung binh nhiéu nim mua hé (thang 6 dén 10) trén luu vuc ¢6 xu hudng
giam dan tir thuong luu vé ha luu phan luu vuc song Thao thudc Viét Nam: tai Sa Pa 14 1853
mm, Bao Ha la 1550 mm, Yén Bai la 1512 mm va Phu Tho la 1192 mm, trung binh cua phan
luu vuc thude Viét Nam 1a 1448 mm. Lii trén séng Thao cha yéu 1a Iii tir thuong ngudn vé
(tir phan luu vue thude Trung Qubc) két hop véi gia nhap khu giita kha 16n & dia phan Lao
Cai - Phu Tho.

Dé thiét 1ap mo hinh MIKE-NAM cho luu vuc song Thao, nghién ctru sir dung céac
théng tin chinh sau:

+ Ban d6 DEM 30mx30m phuc vu phan chia tiéu luu vuc bod phan va tinh di¢n tich cac
tiéu luu vuc;

+ S6 1iéu bdc hoi tai cac tram khi tuong;

+S6 li¢u mua - dong chay phuc vu hi¢u chinh, kiém dinh mo6 hinh bao gém $6 liéu mua
cua 98 tram mua tu dong trén luu vue song Thao (Hinh 1, Bang 1).
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Béang 1. Danh sach céc tram mua tu dong phuc vu nghién curu.

w
—
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Bao Ha 1 26 Muong Vi 51 Nghia An 76 My Luong
Kien Lao 27 Ngoi Phat 52 Lang Nhi 77 Ba Khe
Hong Ca 28 Ban Khoang 53 Ta Xi Lang 78 Yen Lap
Tan Dong 29 Trung Leng Ho 54 Gia Hoi 79 Cam Khe
Co Phuc 30 A Mu Sung 55 Tuc Dan 80 Trung Son

Chau Que Thuong 31 Y Ty 56 Son Thinh 81 Xuan Thuy
Lam Giang 32 Trinh Tuong 57 Yen Bai 82 Dong Linh
Mau A 33 Sa Pa 58 Nghia Lo 83 Chi Cuc TL

Yen Bai 34 O Quy Ho 59 Ngoi Thia TV 84 Phuc Khanh

Pho Lu 35 Muong Hum 60 AMuSung 85 Hien Luong
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Ta Thang 37 Hoang Lien 62 Trinh Tuong 87 Ha Hoa
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Nam Xe 39 Lang Cang 64 Ban Cam 89 Phu Ho

Seo Chong Ho 40 Nam Co 65 Ban Lau 90 Phu Tho
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Hinh 1. Cac tram do mua trong céc tiéu luu vuc st dung trong mé hinh Mike-Nam trén luu vic song Thao.

Nghiéq cuu tht nghiém cac dot mua, 1 giai doan 2022-2023 tai luu vuc song Thao,
dugc chi tict trong Bang 2.
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Bang 2. Cac dot mua 1d thu nghiém giai doan 2022-2023.

TT Ngay/thang Hinh thé gy mwa

Rénh ap thap c6 truc di qua khu vuc Nam Ddong bang Bic B va Bic Trung Bo
1 20-25/05/2022 . ) ) .

nang tryuc 1én phia Bac, két hop hoi tu gié 1én dén 5000m

Rénh ap thép bi nén co truc qua khu vuc Bic Bo két hop véi hoi tu gio 1én dén

5000m

Ranh ap thip co truc di qua khu vuc Bic Bo ndi véi ATND trén Bién Dong, két

2 06-15/06/2022

3 29/06-02/07/2022 ) ) .
hop hoi ty gi6 1én dén 5000m.

4 19-22/07/022 Ria T4y 4p cao c4n nhiét d6i lan Tay, hoi tu gio 1én dén myuc 5000m

5 05-13/08/2022 Riénh 4p thip c6 truc di qua Bic B0, sau chiu anh hudng cta bio s 2

6 19-97/08/2022 Rénh ap thép co truc d,i qua khu vuc Bic Béf két h(.)}? v6i hoi tu, gi6 ria Tay ap
cao can nhiét déi lén dén 5000m, Vung ap thap suy yeu tir bdo so 3

7 03-05/09/2022  Ria phia Bic ranh ap thap két hop v6i nhidu dong trong d6i gié Dong trén cao

8 08-12/08/2022 Ria~phia Bic ranh ap thap c6 truc di qua khu vuc Trung Trung Bo két hop vai
nhiéu ddng trong ddi gié Pong trén cao
Bio sb 4 di vao khu vuc Trung Bo, ITCZ ndi véi viing ap thap suy yéu tir bao sd

9 28/09-03/10/2022 4 nang truc 1én phia Bic, sau d6 4p cao can nhiét 1in Tay, gi6 Pong Nam day
trén khu vue Bic Bo va Béc Trung Bo

10 12-15/06/2023 Rénh 4p thip cé’ truc’ qua Béc Trung Bo bi day xudng phia I’\Iam do ap cao lanh
luc dia & phia Bac két hop vai ria Tay ap cao cén nhiét doi lan Tay.

1 23-25/06/2023 Rénh 4p thép co '[I'L_}C qua Béc Bo bi nén boi 4p cao luc dia & phia Bic két hop
véi hoi tu gio 1én dén 5000m
Ria Nam ITCZ qua Trung Trung B ndi vdi con bao sé 2. Gié mua Tay Nam c6

12 27/07-09/08/2023  cudng do manh va Ranh ap thap c6 truc di qua khu vic Nam ddng bang Bic Bo
va Bic Trung Bo két hop hoi tu gi6 1én dén 5000m
ITCZ ¢6 truc di qua khu vic Trung Trung Bo ndi voi ving ap thap suy yéu tir

13 26/09-29/09/2023 .
con ATND di vao khu vyuc Trung Trung B két hop KKLTC vao ngay 28-29/9

3. Két qua

3.1. Danh gia du bao lii

Dé danh gia chét luong du bao 1, tiy thudc va muyc dich va nhu cau ma ngudi ta thuong
str dung mot hay mot s6 phuong phap danh gia sau [28-39]:

- Pénh gi4 theo hinh dang dudng qua trinh 1ii: Pudng qua trinh Iii 1a biéu d6 biéu dién
su bién ddi ctia muc nude tai mot vi tri trén song trong mot khoang thoi gian du kién. Dang
dudng qua trinh 1 cho ta théy tran 1 1a 16 mot dinh hay nhiéu dinh, dang 1 dinh nhon (myc
nudc 1én nhanh, xudng nhanh) hay dang lii dinh ti (myc nudc 1én cham va xudng cham), 1i
16n hay 1ii nho (so sanh dinh 1ii véi cac cap bao dong va véi 1i cing ki hodc 1i lich sir...).

- Panh gia du bao lil theo sai s6 dinh 1ii (thoi gian xuat hién dinh va sai sé dinh 1i): Pinh
1§ ¢6 thé duge xem 1a yéu tb quan trong nhét trong du bao 1i. Khi dg bdo mdt dot 11, can phai
xac dinh dugc d6 1on cua dinh 1 cling nhu thoi gian xuét hién dinh 1& dé phuc vu tot cong
tac phong chéng thién tai do 1d. Gia tri dinh 1i c6 thé duoc so sanh thong quaty 1¢ phan trim
(%) sai s6 tuong ddi so voi gia tri dinh 1ii thuc do. Panh gia thoi gian xuét hién dinh duoc
xac dinh thong qua do 1éch (theo gio hodc phut) giita thoi gian xuat hién dinh 1ii dyu bao va
thuc do.
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- Banh gia theo téng luong lii: Téng luong 1 hay 1a téng luong dong chay 1t qua mot
mit cit ngang song trong mot khoang thoi glan nhat dinh. Khi du bao 1, yéu tb tong luong
dong chay li cling thuong dugc s dung dé danh gia du bao 1 khi so sanh tong luong dong
chay 1u dy bao voi tong lugng .dong chay thuc do trong cung khoang thoi gian. Co thé sir
dung sai s6 tuyét déi hoic sai sb tuong d6i cla gia tri tong luong dong chay dé danh gia.

- Panh gia duong qua trinh 1 bang sai sb tuong dbi so véi gia tri thuc do.

3.2. Két qua du bdo dong chdy bang mé hinh thity van cho lwu viee séng Thao véi dau vdo tie
s6 liéu du bdo ciia 4 mé hinh LETKF_WRF-1km, GFS, GSM va IFS cho cdc dot lii dién hinh
trong nam 2022 va 2023

Trong muc ndy, ching toi tién hanh di bio dong chay bing mé hinh thuy vin MIKE-
NAM, véi dau vao st dung s6 liéu du bao mua tir cic md hinh gom: LETKF WREF-1km,
GFS, GSM va IFS cho céc tran 1i dién hinh trén luu vuc Thao trong hai nim 2022-2023.
Viéc lya chon bo thong s6 ciia md hinh MIKE-NAM dya trén bo thong sé da duoc ti wu cho
cac tran lil dién ra vao cac nam trudc va hién dang dugc ung dung trong cong tac nghiép vu
du bao thuy van trén luu vuc séng Thao. Két qua mo hinh dugc so sanh voi két qua thuc do
tai tram do va dugc dénh giad bang tiéu chuan NASH, sai s dinh 1 va thoi gian xuat hién
dinh. Két qua du bao cho mot s6 cac tran 1 dién hinh trén luu vyc séng Thao lan luot dua ra
thdng qua cac Hinh 2 dén Hinh 9. Trong d6 hai hinh 2 va 3, thé hién két qua du bao dua trén
sO lieu mua ciia md hinh LETKF WRF-1km cho céac tran 1 tir 19-24/06/2023 va 24-

28/09/2023.
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Hinh 2. Két qua du bao tran lii tir ngay 19-24/V1/2023 theo mé hinh mua LETKF_WRF-1KM cho
luu vuc song Thao tai Yén Bai.
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Hinh 3. Két qua du béo tran li tir ngay 24-28/1X/2023 theo mé hinh mua LETKF_WRF-1KM cho
luu vuc song Thao tai Yén Bai.
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Hinh 4 va 5 thé hién két qua du bao cac tran 1 tir 19-24/06/2023 va 24-28/09/2023 cho

luu vuc song Thao tir mé hinh MIKE-NAM, sur dung s6 li€u du bao mua tir moé hinh GFS.
2000
1800
1600
1400
1200
1000
@ 800
E 600
© 400
200
0

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

18/VI 19/V1 20/VI 21/V1 22/V1 23/VI 24/V1 25/V1 26/VI 271 28/V1 29/V1 30/VI UVII 2/VI1 3IVII

QTb 19/VI 4 20/V| ——0——=21/\/| sereeeeee 22NVl = - = - 23/V| = = =24/VI|
Thoi gian

Hinh 4. Két qua dy béo tran 1i tir ngay 19-24/V1/2023 theo mo hinh mua GFS cho luu vyc song
Thao tai Yén Bai.
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4500
4000
3500

= 3000

E 2500

© 2000
1500
1000

500
0

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
23/1X 24/1X 25/IX 26/IX 27/IX 28/1X 29/1X 30/1X 1/X 2/X 3/X 4/X 5/X 6/X 7/X 8/X

QTP 241X +—— 25/1X O 26/X cevreeeee 21MX =+ =+ 28/IX = = =29/IX
Thoi gian

Hinh 5. Két qua du bao tran Ii tir ngay 24-28/1X/2023 theo mo hinh mua GFS cho luu vyc song
Thao tai Yén Bai.

) Déi véi cac tran 10 dién ra tir 19-24/06/2023 va 24-28/09/2023 trén luu vyc song Thao,
két qua du bao bang md hinh MIKE-NAM, str dung s6 liéu dy bao mua tir m6 hinh GSM
duogc thé hién tuwong tu trong Hinh 6 va hinh 7.

2000
1800
1600
1400
1200
&1000
800
600
400
200

0

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

18/VI 19/VI 20/V1 21/V1 22/V1 23/VI 24/V1 25/V1 26/V1 27/VI1 28/VI 29/VI 30/VI 1VIL 2/VIT 3IVII

QTP 19/VI — 20/VI O—— 21/V| ceveeeeee 22Nl = - =+ 23V = = =24/VI
Thoi gian

Hinh 6. Két qua du béo tran I tir ngay 19-24/V1/2023 theo mé hinh mwa GSM cho luu vyc séng
Thao tai Yén Bai.
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5000
4500
4000

23500

£.3000

©2500
2000
1500
1000

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
23/1X 24/1X 25/1X 26/1X 27/1X 28/1X 29/1X 30/1X 1/X 2/X 3/X 4/X 5/X 6/X 7/X 8/X

QTb 24/1X 25/IX ——0——26/IX =eceeeeee 27/IX = - = - 28/IX = = =29/IX
Thoi gian

Hinh 7. Két qua du bao tran Iii tir ngay 24-28/1X/2023 theo mo hinh mwa GSM cho luu vuc séng
Thao tai Yén Bai.

Tuong tu, vai viéc st dung mﬁ, hinh MIKE-NAM véi s6 liéu du bido mua tir md hinh
IFS cho luu vuc séng Thao, cac két qua du bao cho cac tran la tr 19-24/06/203 va 24-
28/09/2023 dugc dua ra trong Hinh 8 va Hinh 9.

2000
1800
51600
F 1400
1200
1000
800
600
400
200

0

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

18/VI 19/VI1 20/VI 21/V1 22/V1 23/V1 24/V1 25/VI 26/V1 27/VI 28/VI1 29/V1 30/VI 1/VIL 2/VIT 3/IVII
QTb 19/VI 20/V === 21/\/| +eeeeeees 22Vl =+ =+ 23V = = =24/VI
Thoi gian

Hinh 8. Két qua du bao tran i tir ngay 19-24/V1/2023 theo mé hinh mua IFS cho luu vuc sdng Thao
tai Yén Bai.

5000
4500
__ 4000
23500
E3000
©2500
2000
1500
1000

500 | eommaticiciciie
0

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

23/1X 24/1X 25/1X 26/1X 27/1X 28/IX 29/IX 30/IX 1/X 2/X 3/X 4/X 5/X 6/X 7/X 8/X

QTP 24/1X == 25/IX ——0——26/IX +ceeeeeer 27NX =« =+ 28/IX = = =29/IX
Thoi gian

Hinh 9. Két qua dy bao tran Iii tir ngay 24-28/1X/2023 theo mé hinh mua IFS cho luu vyuc séng Thao
tai Yén Bai.

Céc két qua danh gia tong hop so sanh giita 4 ddu vao dugc dua ra chi tiét trong Bang 3.
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Biang 3. Tong hop két qua danh gia két qua du bao theo mua tir 4 mé hinh tai tram Yén Béi - sdng
Thao cho cac tran 1i dién hinh giai doan 2022-2023.

Théiky  Chi LETKF_WRF-1KM GFS GSM IFS
du bio tiéu 19- 24- 19- 24- 19- 24- 19- 24-
trudelii  ddnh  24/V1/202  28/1X/202  24/V1/2023  28/I1X/2023  24/V1/2023  28/1X/2023  24/\V1/2023  28/1X/2023
Nash 0,05 0,00 -0,19
6 ngay A%Z‘)ax 38 34 13
At (gid) 12 12 24
Nash 0,04 08 0,00 0,64 -0,42 0,02
5 ngay A%j’:)ax 36 21 28 5 33 68
At (gid) 12 12 12 18 18 24
Nash 031 0,72 0,12 077 -0,07 0,26 -0,05
4 ngay A%z‘)a" 31 25 32 10 33 8 74
At (gi5) 12 6 12 12 18 Khong du 18 12
Nash 0,02 0,76 0,15 0,71 -0,54 béo dugc 0,13 0,4
3 ngay A(({,Zl)ax 36 26 30 12 36 15 54
At (gid) 12 12 12 12 18 18 12
Nash 0,46 0,65 0,49 043 0,14 0,52 0,69
2 ngay A(({,Zl)ax 38 27 17 14 10 15 33
At (gid) 6 6 6 6 12 12 12
Nash 037 0,85 0,62 0,79 0,34 0,59 047
1 ngay A%‘/TO‘)"‘X 30 8 16 14 21 38 46
At (gid) 0 0 6 0 6 18

Pbi v6i du bao tir mé hinh MIKE-NAM, st dung s lidu du bao mua tir mo hinh
LETKF WRF_1km, két qua du bao tran il 19-24/V1/2023 cho thay, hé sé twong quan Nash
tai tram khong ché Yén Bai 1a kha thap, cang gan ngay xuét hién dinh 1i thi mé hinh dy bao
mua c6 xu hudng tot hon, tuy nhién két qua van chua dang keé, sai s6 dinh 1 tir 30-40%; sai
s0 thoi gian xuét hién dinh 1ii tir 0-12 gio. Nhu vay két qua du béo tran 1 ndy 1a kha han ché,
tuy nhién co6 thé xem ddy 1a mot trong nhitng phuwong phap tham khao bén canh cac phuong
phép du bao 1ii khac. Két qua du bao tran i 24-28/1X/2023 cho thdy, hé sd tuong quan Nash
tai tram khong ché Yén Bai 1a kha tot, cang gan ngay xuét hién dinh 1ii thi mé hinh dy bao
mua c6 xu hudng tét hon, sai s6 dinh 1ii tir 10-30%; sai sb thoi gian xuat hién dinh I tir 0-12
gio. Nhu vay, két qua du bao tran 1ii nay 1a kha tot va co thé tham khao trong du bao tac
nghiép.

DOi véi du bao, sir dung s6 liéu du bdo mua tir md hinh GFS, két qua dy bao tran 1l 19-
24/V1/2023 cho thay, h¢ s6 twong quan Nash tai tram khéng ché Yén Bai 1a kha thap, tuy
nhién chat luong tot hon mé hinh mua du bao WRF, cang gin ngdy xudt hién dinh 1 thi mo
hinh dy bao mua ¢ xu hudng t6t hon dang ké, sai sd dinh 1ii tir 15-50%; sai s thoi gian xuat
hién dinh 1i tir 0-12 gio. Nhu vay két qua du bao tran 1i nay 13 kha han ché, tuy nhién c6 thé
xem day la mot trong nhitng phuong phéap tham khdo bén canh cac phuong phap du béo 1i
khéc. Két qua du béo tran 1 24-28/1X/2023 cho théy, hé s6 tuong quan Nash tai tram khéng
ché Yén Bai 1a kha, cang gan ngay xuat hién dinh Iii thi mé hinh dy bdo mua c6 xu hudng
t6t hon, sai s6 dinh 1 tir 10-20%; sai s6 thoi gian xuat hién dinh 1 tir 0-12 gid. Nhu vay két
qué dy béo tran 1ii nay 1a kha tt va co thé tham khao trong du bao tac nghiép.

Dbi véi du bao, sir dung sO liéu dy bao mua tir md hinh GSM, két qua du bao tran 1d 19-
24/V1/2023 cho thiy, hé s6 tvong quan Nash tai tram khong ché Yén Bai 1a kha thap, cang
gan ngay xudt hién dinh 1t thi m6 hinh dy bao mua c6 xu huong t6t hon tuy nhién két qua
van nhiéu han ché, sai s6 dinh 1 tir 10-30%; sai s6 thoi gian xuat hién dinh 1d tir 12-24 gio.
Nhu vay két qua du béo tran 1ii nay 1a kha han ché, tuy nhién c6 thé xem day 1a mot trong
nhitng phuong phap tham khao bén canh cic phuong phap du bao 1i khac. Két qua du béo
tran 1ii 24-28/1X/2023 cho thdy mé hinh mua khéng mé phong duogc tran 1i s& xay ra trong
thoi gian du béo.
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Dbi véi du bao, sir dung s6 liéu duy bao mua tir mé hinh IFS, két qua dy béo tran 1i 19-
24/V1/2023 va 24-28/1X/2023 cho thdy, hé sb trong quan Nash tai tram khdng ché Yén Bai
la kha thap, cang gan ngay xuét hién dinh 10 thi m6 hinh dy bao mua c6 xu hudng t6t hon
tuy nhién két qua van nhiéu han ché, sai s6 dinh 1ii tir 10-60%; sai s6 thoi gian xuat hién dinh
lii tir 6-24 gio. Nhu vay két qua du bao tran 1ii nay 1 kha han ché, tuy nhién co thé xem day
la mét trong nhitng phuong phap tham khao bén canh cac phuong phap du bao 1t khac.

4. Két luan

Trong bai béo trén, chit luong du béo 1ii han dén 10 ngay bang mé hinh MIKE-NAM st
dung s6 lidu mua dy béo tir cac hé théng dy béo toan ciu cling nhu h¢ théng md hinh phan
gidi cao LETKF WRF_1km tai luu vuc song Thao ctia Viét Nam da duoc danh gia trong cac
dot mua 16n giai doan 2022-2023.

Két qua du béo lii theo 4 ddu vao tir 3 mo hinh toan cau va 1 du béo phén giai cao cho
thay két qua nhan dugc kha phén tan. Duya theo chi s6 Nash trong bang 4, nghién ctru nhan
thy, v6i han du bao dudi 3 ngay cac chi s6 ndy gan nhu déu duong, cé gia tri trong khoang
tir 0.02 dén 0.85 (c6 k¥ ning du bao), mé hinh sir dung du bao mua tir LETKF_WRF_1km
va IFS c6 chi s6 Nash cao nhat (ki nang du bao tot nhat), trong d6 véi dot thir nghiém thir
hai, mé hinh LETKF WRF_1km cho chi Nash cao nhat, dat toi 0.76. Trong khi d6 véi han
du bdo trén 4-5 ngay, ngoai mo hinh s dung dy bao mua tr LETKF_WRF_1km va GFS,
céc chi s6 Nash déu mang gia tri rat thap, xap xi 0.0 (khong c6 k§y nang dy bao). Vi han dy
bao 6 ngay, cac mo hinh déu c6 chi s Nash xép xi bang 0, ttc 14 khong c6 ki nang du bao.
Nhu vay mo6 hinh stir dung duy bao mua tt LETKF WRF 1km vuot trdi so vai cdc mo hinh
con lai vé k¥ nang du béo tai tat ca cac han du bao tir 1-5 ngay.

Dong gop cua tac gia: Xay dung y tuong nghién ctru: T.A.D., P.T.D., D.D.T.; Lua chon
phuong phap nghién ctru: P.T.D., D.D.T., M.K.H.; Xtr Iy s6 liéu: B.D.Q., H.G.N., N.T.N.Q;;
Phan tich mau: P.T.G., P.M.L.; Viét ban thao bai bao: T.A.D., P.T.D.; Chinh stra bai bao:
H.G.N., D.D.T.
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On the uses of input from forecasts of high-resolution global and
regional ensemble models for flow forecasting in the Thao river
basin in the period 2022-2023

Tran Anh Duc?, Phung Tien Dung!, Dang Dinh Quan?, Hoang Gia Nam?', Nguyen Thi
Nhu Quynh?, Pham Truong Giang', Pham My Linh!, Mai Khanh Hung?, Du Duc Tien*
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Abstract: This study employs the ensemble assimilation system based on the Local
Ensemble Transform Kalman Filter (LETKF), which was developed for the WRF-ARW
regional model. The system is integrated with its dynamic downscaling capabilities to
generate high-resolution forecasts (1km x 1km, denoted LETKF_WRF-1km), with the
objective of enhancing the accuracy of rainfall forecasts for Thao river basin in Vietnam.
Subsequently, the hydrological model, named MIKE-NAM, was employed for flow
forecasting in typical floods in 2022 and 2023, utilizing inputs derived from forecast data
of the ECMWF (IFS), NCEP (GFS), JMA (GSM) global models and high-resolution
forecasts (LETKF_WRF-1km).The findings illustrate that the hydrological model utilizing
the LETKF_WRF_1km model as an input displays enhanced performance in flow
forecasting in comparison to the hydrological model employing the global models across
all lead times, from one to five days.

Keywords: Flow forecast; Thao river basin; Rainfall forecasts; Ensemble models.
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Tém tat: Viéc ude tinh ham luong diép luc cua la 1 viéc rat thiét yéu dé giam sat ting
truong cdy la, giup quan Iy phan boén nham nang cao nang suat cay lla. Trong bai bao nay,
ham lugng diép luc duoc wéc tinh bang c&c chi sé thuc vat (VIS) tinh tir anh UAV da pho.
Chi s6 NDVI (Normalized Difference Vegetation Index), OSAVI (Optimized Soil Adjusted
Vegetation Index) va NSRI (NIR Shoulder Region Index) 1a cac chi sO t6i wu duogc lwa chon
bang phuong phap danh gia tuong quan v61 ham luong diép luc (gia tri SPAD) ma da duogc
do dac trén 1a laa ngoai thuc té. Ham lugng di€p luc trén 14 lta duoc udce tinh bang Vs
thdng qua cac mé hinh hoc may, bao gdm md hinh Hdi quy tuyén tinh - Linear Regression
(LR), cay quyét dinh ngiu nhién - Random Forest (RF), hoi quy diém lang giéng gan nhat
- KNN Regression (KNN) va héi quy hd tro vector - Support Vector Regression (SVR).
Phuong 4n két hop chi sé NSRI va OSAVI cho két qua t6t nhat va mo hinh LR dat d6 chinh
X4C ca0 hon so v&i cac md hinh KNN, SVR va RF. Két qua nhan dugc cho thay rang két
hop VIs tir anh UAV da pho bang mé hinh LR d3 cai thién d6 chinh xac cua két qua wéc
tinh ham luong diép luc trén 14 la. Két qua bai bao ciing 1a co so tin ciy dé ing dung
phuong phap ndy cho canh dong co dién tich 16n trong dinh huéng str dung phan bon nham
t6i wu nang sut cay lua.

Tir khéa: Ham lugng diép luc (gia tri SPAD); Chi sb thuc vat; UAV, Cay lda.

1. Pit van dé

Stic khoe cay lua c6 thé duge danh gid trén co s cac yéu t6 dic trung cua 1a, bao gdm
dd &m, ham luong diép luc, cAu trac bé mat 14 va kha nang chuyén hoéa cac dudng cht. Nhiing
yéu t6 nay khong chi anh huong dén mic d6 quang hgp ma con phan anh thyc trang dinh
dudng va kha nang thich nghi cta cay trong trude cac diéu kién moi truong. Diép luc 12 loai
sic to quan trong dong vai tro chii yéu trong chu trinh quang hop cua cay trong noi chung va
cay lba noi riéng. Ham lugng diép luc cao thuong phan anh strc khoe tot va nguoc lai. Khi
laa chiu anh huong cua cac yéu t6 moi truong nhu 6 nhiém khong khi hodc thiéu nuée, ham
lugng di€p luc co thé giam, dan dén sy suy giam hiéu qua quang hop [1-2] va lam gidm nang
suét cay lta [2—3]. Viéc theo ddi murc do ) diép lyc trén la loa c6 thé gilp n guoi dan diéu chinh
cac giai phap bon phan phu hop nham tdi vu héa ting trudng va ning suét cdy lla.

C6 mot sd  phuong phap duge ap dung dé xac dinh ham lugng diép luc trén 14 lua, nhu
phuong phap 1y mau va chiét xuit trong phong thi nghiém v61 may quang phé. Cac phuong
phép dat d6 chinh x4c cao nhung doi hoi can c6 co s& vat chét can thiét trong phong thi
nghiém [4]. Bén canh d6, nhiéu nghién ctru d3 4p dung phuong phap do ham lugng chit diép
luc qua gi4 tri SPAD bang may do SPAD cim tay. Gia tri SPAD ¢6 mbi quan hé thuan va
cao v6i ham luong diép luc [5-6]. Tuy nhién, phuong phap do quang phd trong phong thi
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nghiém va phwong phap do gia tri SPAD bi han ché vé mat khong gian, ham luong diép luc
chi duoc xac dinh & pham vi cac diém mau. Dé giai quyét han ché nay, anh vién tham noi
chung va anh UAV noi riéng két hop véi gia tri do SPAD dé udc tinh ham luong diép luc
trong 14. Vi du chi sé thuc vt ti sb tinh tir anh Sentinel-2 két hop vai gia tri SPAD dé uée
tinh ham luong diép luc trén 14 khoai tay [7]. Chi sé thuc vat chuan héa (NDVI - Normalized
Difference Vegetation Index), chi sb thuc vat chuan hoa xanh (GNDVI - Green Normalized
Difference Vegetation Index) va chi s6 diép luc tan cay (CCCI - Canopy Chlorophyll Content
Index) tinh tir anh UAV cling dugc ap dung trong udce tinh ham lugng diép luc mét cach hiru
hiéu [8]. Ciing v&i dit liéu anh UAV, chi s6 NDVI, Difference Vegetation Index (DVI1), Ratio
Vegetation Index (RVI), GNDVI ciing dugc mo hinh hoa trong wdc tinh ham luong diép luc
trén 14 lha mi, ngd va lta mach [9-11].

Quan hé giira Vs véi gia tri SPAD 1a co sé dé ap dung cac md hinh hoc may trong udc
tinh ham luong diép luc ciia cay trong. Mot s6 mo hinh hoc may nhu mé hinh héi quy tuyén
tinh da bién - Multiple Linear Regression (MLR), hdi quy hd trg vector - Support Vector
Regression (SVR), rimg ngau nhién - Random Forest (RF), ting cuong d6 dbc cuc dai -
Extreme Gradient Boosting (XGBoost) va mang no ron lan truyén ngugc - Back Propagation
Neural Network (BP-NN). Nhiing mé hinh nay déu duoc nhan dinh 1a c6 do chinh xac cao
[9-15]. Bén canh d6, phuong phap KNN ciling dugc cho Ia mé hinh hi€u qua trong udc tinh
ham lugng diép luc cta ciy trong [16]. Viéc lwa chon mé hinh phit hop ma ¢ kha nang cai
thién duoc do chinh xac 1a can thiét khi nghién ctiru ude tinh ham lugng diép luc trén 14 cta
cay trong. Mo hinh SVR ciing dugc chirng minh 13 tét hon mé hinh BP-NN khi udc tinh ham
luong diép luc cua cay tao [17] Thém nira, md hinh RF dugc nhan dinh 13 t6t hon cac mo
hinh hoi quy tuyén tinh don bién - Univariate Linear Regression (ULR), MLR va SVR trong
wdc tinh ham luong diép luc trén 14 cdy tao [18]. Tuy nhién, hién con han ché vé cac nghién
ctru so sanh d6 chinh x4c cua cac phuong phap hoc may nay trong ude tinh ham lugng diép
luc trén la l10a [19].

Do d6, bai bao nay c6 cac myc tiéu chinh sau: (1) Ching minh hiéu qua cia viéc két hop
VIs trong wdc tinh ham luwong diép luc trén 14 lta tir dit liéu anh UAV da phd; (2) Panh gia,
Iira chon m6 hinh hoc may t6t nhét trong udc tinh ham lwong diép luc trén 14 lGa.

2. Phuwong phap nghién ciru va dir li¢u

2.1. Khu vue nghién cvuu va dir liéu

Khu vuc thyc nghiém c6 dién tich 6500m?, thudc khu vuc xa Vinh Lai, huyén Lam Thao,
tinh Pha Tho. Khu vuc thuc nghiém 1 dién tich dt chuyén trong laa, c¢6 dia hinh bang phang,
nam canh muong nudc nén thuén tién cho viéc tudi tiéu. Cac 6 mau duoc thiét ké dang hinh
vudng 10m x 10m. Céc 6 mau lién ké dugc ngan cach voi nhau boi cac bo co chiéu rong 1m.
Trong tong sd 55 6 mau, 27 0 trong glong lta cua dia phuong TBR225 (T) va dugc ky hi¢u
lan luot tir T1-T27. Bén canh do, giong lua Japonlca 02 (J) ctia Nhat Ban duoc trong & 28 6
mau va dugc ky hiéu 1an luot tir J1-J28 (Hinh 1c). Anh UAV duoc thu nhan bang bo cam da
phd, bao gdm cac kénh: xanh luc (Blue: 450nm=+16nm); xanh 14 cdy (Green: 560nm=16nm);
do6 (red: 650nm+16nm); ria d6 (Red Edge: 730nm=+16nm) va cin hong ngoai (Near - Infrared:
840nm+26nm). Anh UAV dugc thu nhan ngay 19/05/2022 twong tmg v&i giai doan chin sita
ctia cdy laa. Tuyén bay UAV duoc thiét ké song song véi truc doc 6 rudng mau (tir hudng
Tay - Nam sang Dong - Bic), d6 phu tram anh doc va ngang déu 1 75%, chiéu cao bay chup
anh 76m, d¢ phan giai anh mat dat dat 4cm. Ca bay chup anh UAV duogc thyc hién trong 09
phit bay (tir 10 gio 45 phut dén 10 gio 54 phut) trong diéu kién thoi tiét ning, troi quang
may. Anh UAV duoc nan chinh hinh hoc va chuan héa phan xa phd, xtr Iy va thanh 1ap anh
tryc giao trén phan mém Agisoft Metashape.

Bén canh d6, & cung thoi diém chup anh UAV, dir liéu ham luong diép luc (gia tri SPAD)
duogc do truc tiép bang may Chlorophyll Meter LCPM—A10 cam tay (Hinh 1b). Cac diém do
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SPAD trén 14 lia dugc phéan bd déu & cac 6 mau vai tri do ba diém (Hinh 2), gia tri SPAD tai
mdi diém do 14 gia trj trung binh do duoc ciia 03 1a laa. May Chlorophyll Meter LCPM-A10
hoat dong dya trén nguyén ly do mue do hép thu 4nh sang cua chit diép luc trong 14 tai ving
anh sang do (650-660 nm) va gan ving hong ngoai (850-880 nm). Do Vay, gia tri SPAD dugc
tinh to4n dia trén ty 16 mirc d6 phan xa giita kénh d6 va kénh hong ngoai, biéu thi ham luong
diép luc trong 14 cdy. Dé c6 co s xac dinh diém tuong dong trén anh UAV, vi tri 1y may
duoc xac dinh toa do béng cong nghé GNSS dong (Hinh 2).
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Hinh 1. Dit lidu va khu vuc nghién ctru: (a) UAV da phd DJI phantomd; (b) do diép luc trén 1a bang
méy Chlorophyll Meter LCPM-A10; (c) Anh UAV chup ngay 19/05/2022.
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Hinh 2. Phan b cac diém mAu.
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2.2. Quy trinh nghién curu

Hinh 3 thé hién chu trinh u6c tinh ham lwong diép luc trén 14 lta st dung dir liéu anh
UAV da phé. Anh UAV da phé dugc st dung dé tinh VIs. Bén canh d6, viéc khao sat thuc
dja nham thu thap ham lwong chat diép luc (gia tri SPAD) trén 14 bang may Chlorophyll
Meter LCPM-AL. Tiép theo d6, phwong phap phan tich twong quan duoc ap dung dé xac dinh
moi quan hé giita VIS véi gia tri SPAD nham lwa chon nhitng chi s phu hop trong uéce tinh
ham lugng di¢p luc cho toan bd khu vuc thuc nghi¢m. Dya trén chi s6 da duoc lua chon, cac
md hinh hoc may LR, KNN, SVR va RF duoc 4p dung dé udc tinh ham lwong diép luc trén
14 l0a. Két qua uée tinh boi cac m6 hinh dugc danh gia mac d6 chinh xac thong qua hé 5O
trong quan R? cta tdp mau huin luyén, R? tap kiém tra va sai s6 trung phuong RMSE.

\ Anh UAV da phd \ \ Thu thap dir liéu \
v A 4
o . ‘ banh gia ‘ Ham lugng diép luc trén 14 10a
Céc chi so thyce vat (VIs) )
tuong quan (gia tri SPAD)
A 4 v
‘ Chi s6 VIs phi hop ‘ ‘ Két hop chi s6 VIs ‘

| |
v

‘ M®é hinh LR, RF, KNN, SVM ‘

4

Ham luong diép luc
trén 14 10a (gia tri SPAD)

Hinh 3. Quy trinh wéc tinh ham lugng diép luc trén 14 laa tir dit liéu anh UAV da phd.

2.3. Chi 56 thuec vit (Vs)

- Trong kha nang thu nhén cac kénh phd ciia anh UAV da pho, bai bao nay sir dung 17 chi
sO thuc vat (Bang 1).

Bang 1. Chi s6 VIs.

TT Chi sb Cong thirc Tham khio

1 dNeI)Ee Shoulder Region In- NSRI = Ryz/ Reg [21]
Difference  Vegetation _

3 Enhanced Vegetalion I py; _ 5 5(Ryk — R)/(Ryin + 6Re ~ T5Rg + 1) [23]

4 False Color Vegetation FCVI = 1,5(2Ryr + Rg — 2R() /(2R + 2R [24]
Index - ZRNIR + 127,5)
Green Normalized Dif-

5 GNDVI = (Rnir — Rg)/(Rnir + Re) [25]

ference Vegetation Index
6 Leaf Chlorophyll Index LCI = (Ryr/Rgg)—1 [26]




Tap chi Khi twong Thiy van 2025, 773, 88-102; doi:10.36335/VNJHM.2025(773).88-102 92

Modified  Chlorophyll

7 Absorption in  Reflec- MCARI = Rgg — Rg — 0,2(Rgg — Rg)RRe/Rr [27]
tance Index

g  Modified Soil Adjusted MSAVI = 0,5(2Ryr + 1 28]
Vegetation Index — J(Ryr + 1)3 — 8(Ryr — RR))

9 Modified Simple Ratio MSR = ((Ryir/RRr) — 1)/((Ryir/RRr) + 1) [29]

Normalized Difference
Red Edge Index

Normalized Difference _
Optimized Soil Adjusted

10 NDRE = (Ryir — Rrg)/(Rnir + Rgg) [30]

12 Vegetation Index OSAVI = (Ryr — Rr)/(Rnir + Rg +0,16) [32]
Photochemical Reflec- _

13 tance Index PRI = (R; — Rg)/(Rg + Rp) [33]
Red Edge Chlorophyll

14 Index g phy RECI = (Rnijr — Rge)/Rre [34]

15  Ratio Vegetation Index RVI = Ryr/RR [22]
Optimized Soil Adjusted _ _

16 Vegetation Index TVI= (Rg = Rp)/(Rg + Rg) [3°]
Structure Intensive Pig-

17 J SIPI = (Ryix — Rg)/(Ryix + Rp) [36]

ment Index
Trong d6: Rr, Re, Re, Rre VA Rir - Gid tri phd phan xa twong timg trén anh UAV cia cac kénh mau do
(Red), xanh luc (Blue), xanh duong (Green), kénh ria ¢ (Rededge) va can hong ngoai (Near infrared).

2.4. M6 hinh woc tinh ham luong chat diép luc

1. Hoi quy tuyén tinh (LR)

LR 1a mot trong nhitng md hinh hoc may dugc ing dung dé mé hinh héa méi quan hé
tuyén tinh gitra ham lugng di€p luc trong 14 1Ga véi cac chi s6 thuce vat duoc xay dung tir anh
UAV da ph6. M6 hinh hdi quy tuyén tinh nham muc dich tinh toén cac hé s6 hoi quy ma dam
bao sai s6 giita gia tri ma md hinh udc tinh duge voi gia tri khao sat thuc té dugc tdi thicu
hoa.

Cong thirc md hinh hdi quy tuyén tinh duge thé hién bang cong thirc (1):

y = Bt Xit1Bxit € 1)

Trong d6 y 12 ham luong chit diép luc dugc wdc tinh - gia tri SPAD uéc tinh; Xi 1a chi
s6 thuc vat da duoc lwa chon; Bo 1a hé“mg $6; Bi 1a h¢ s6 hoi quy cua chi s6 thuc vat da duoc
lwa chon; € la sai s6 ngau nhién, phan 4nh sy bién thién khong thé giai thich tir cac chi sd
thuc vat.

2. M6 hinh KNN Regression (KNN)

KNN la mot thudt toan phi tham sd dy doan bién muc tiéu (ham luong diép luc) dya trén
k 1an can gan nhét trong khong gian cac yéu td doc 1ap (chi s thue vat) [37]. Trong viéc uge
tinh ham lugng diép luc trong la lda, KNN tim kiém k diém dir liéu gan nhat véi dlem can
du doan va lay trung binh cong cta céac gia tri ham lugng chét diép luc tir cic lang giéng nay
nham dua ra két qua wéc tinh.

Cong thirc tong quat ciia md hinh KNN dugc mé ta nhur sau:
1

y = ;XY )

Trong do y la ham luong chat diép luc duzoc udc tinh (gia tri SPAD udc tinh); k la s6
luong lang giéng gan nhét; yi 1a gia tri ham luong chat diép luc ciia lang giéng gan nhat.

3. Support Vector Regressor (SVR)

Trong mé hinh SVR, muc tiéu I tim mdt ham sb f(x) sao cho sai sb giira gia trj udc tinh
ham lugng diép luc trong 14 lua va gia tri thyuc té da duoc do béng may Chlorophyll Meter
LCPM-A10 (gi4 tri SPAD) nidm trong mot pham vi chip nhan duoc. M6 hinh SVR tim cach
xay dung mot ham hoi quy dudi dang:

f(X) = (W,X) + b = WiX1 + WaX2 +...+ WnXn +b (3)
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Trong d6 f(x) 1a gia tri wéc tinh ham lwong chét diép luc (gid tri SPAD ud6c tinh) dya
trén dac trung x; X = (X1, X2, ..., Xn) 1a vector ddc trung Gmg voi cac chi s6 thuc vat di lya
chon; w = (W1, Wz,..., wn) 1a Vector trong sb tuong tng voi cac chi sé thyc vat da lya chon;
b 1a dg 1&ch (bias), mQt tham sd diéu chinh.

4. Random Forest Regressor (RF)

bé udc tinh ham luong chét diép luc trong 1a Taa, mo hinh RF ¢ the dua vao mot tap
hop céc yéu t6 nhu d6 4m, nhiét do, hodc cac chi sd quang phd. Dit liéu vé chi sb thyuc vat va
gia tri SPAD duoc chia thanh cac tip con ngau nhién. Dit liéu dugc chia lam hai phan. mot
phan dung dé 1am miu hudn luyén mo hinh, phan con lai duoc st dung dé kiém tra va tinh
toan do tin cay cua mo hinh.

y= 26 (0 @

Trong d6 y 14 ham luong chat diép luc udc tinh (gia tri SPAD wdc tinh); M 14 s6 luong
tap con; fi(x) 1a du doan cua cay i dya vao dir liéu dau vao x (cac chi s6 thuc vat).

5. Panh gia do chinh xac

Do chinh xac cua mé hinh dugc danh gia bang hé s6 hoi quy binh phuong (R?) cua tap
mau huin huyén va cua tap mau kiém tra. Bén canh dé, sai sb trung phuong (RMSE) ciing
duoc su dung dé danh gia do chinh xac cua m6 hinh. RMSE duogc tinh theo cong thirc sau

day:
RMSE = |2 (=X (5)

Trong do Xi la gia tri SPAD do dugc trén mau thuc dia; Yi 1a gié tri SPAD udc tinh bang
cac md hinh LR, KNN, SVR va RF; n la s6 lugng mau.

3. Két qua

3.1. Lwa chon chi s6

Heé s6 hdi quy 1a thong s6 dugc ap dung dé danh gia, lwa chon chi s6 VIs phil hop nhét
trong udce tinh ham lugng diép luc trong 14 lha. Céac h¢ sb nay duogc xac dinh dya trén muc
dd tuong quan gitra chi s6 VIs véi gia tri SPAD thu thap dugc ¢ 165 mau thuc dia, két qua
dugc biéu thi trén Hinh 4.

MCARI[ [ 0,789 !
pvit [ | 0.706
™IF [ | 0715
sipl \ | 0.736
Fevib [ | 0.747
RCEI [ | 0.797
n
oLt \ | 0.797
@
4]
NDRE | [ | 0.800
RVI [ | 0812
NDVI | | 0828
MSAVI \ | 0829
MSR [ | 0.830
0SAVIt \ | 0.831
NSRI [ | 0,837
-OI.E -6.6 -D‘.4 -O‘.Z 0:0 0,2 0.4 0,6 0:5

Hé sé tuong quan (R)

Hinh 4. Hé ) twong quan cua cac chi s6 VIs voi ham luong diép luc.
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Hinh 4 cho thiy mirc d6 twong quan giira timg yéu s VIs véi gia tri SPAD c6 su khac
biét. Cac chi sé nhu NRSL, OVAVI, MSR, MSAVL, NDVI, EVI, RVI, NDRE, LCI, va RCEI
déu biéu thi mdi twong quan manh véi ham lugng chat diép luc, véi cac gia tri hé sd tuong
quan thay déi trong khoang tir 0,79 den 0,84. Diéu nay chira rang khi cac chi s6 nay gia tang,
ham luong diép luc cling tang. H¢ s6 tuong quan cao nay cho thiy cac cac chi s6 trén cd vai
tro dang ké trong viéc udc tinh ham luong di€p luc. Bén canh do, céac chi s6 GNDVI, FCVI,
SIPL, TVL va DVI ¢6 mbi twong quan trung binh v4i ham luong chét diép luc, vdi cac hé $6
tuong quan trong pham vi tir 0,71 dén 0,79. Mic du su anh hudng cua chung dbi véi ham
luong chét diép luc khong manh nhu céac chi $6 trong nhém trudce, nhung chung van ¢ can
thiét trong viéc giai thich su thay ddi cua ham luong di¢p luc. Nguoc lai, cac chi s6 PRI, va
MCARI lai ¢6 mbi quan hé nghich vo1 ham lugng diép luc, voi cac gia tri twong quan lan
luot 13 -0,332, va -0,789. Piéu nay chung t6 khi cac chi sd nay gia tang, gia tri ham 1u0’ng
chat diép luc s& giam. Tur nhiing danh gia két qua trén, dua vao hé sd twong quan cua gia tri
SPAD véi céc chi s6 VIs co thé xac dinh dugc ham lugng chét diép luc trén 14 Iua bang chi
s6 VIs phu hop.

Céc chi s6 di duoc chon bao gém NDVI, OSAVI va NSRI, su lva chon nay dua trén co
s& sau: (1) Chi s thuc vat phd bién da duogc sir dung trong cac nghién ctiru vé diép luc cay
trong NDVI. Tir Hinh 4 ¢6 thé thay duoc hé sé twong quan cia NDVI voi ham luong diép
luc & mirc cao (0,828). Chi sé6 NDVI duoc dic biét 4p dung rat nhiéu trong cac nghién ctru
danh gid ham lugng di€p luc va su phat trién cua thuc vat do NDVI rét nhay véi su thay doi
ham luong diép luc ddi voi cac su bién doi trang thai thyc vat; (2) Hai chi s6 thuc vat co
trong quan manh nhét, nhi véi ham luong chét diép luc, bao gdm NSRI va OSAVI, hé sb
tuong quan & muc rat cao, 1an luot 1a 0,837 va 0,831. NSRI 13 mot chi s6 phd bién va hiéu
qua trong viéc danh gia suc khde thuc vat, dac biét 1a trong cdc mdi truong c6 d che phu
thuc vat cao. Chi s6 nay sir dung cac buic xa trong dai phd @6 va d6 canh (Red—Edge), noi c6
su thay d01 r rét khi ham luong ham luong chat diép lyc thay d6i. Bén canh do, OSAVI la
mot chi s t6i wu, diéu chinh sy tic dong ctia yéu t6 khi quyén va giap tang do chinh xac khi
danh gia strc khoe thuc vat. OSAVI giam dnh hudng cia dat nén trong céc ving c6 mat do
thuc vat thap hodc trung binh. Bén canh d6, OSAVI c¢6 thé dugc lién két v6i cac thong sd
sinh 1y khac ciia cay trong nhu ham lugng diép luc [38]; (3) Két hop hai chi sé Vs ¢6 tuong
quan cao nhat va nhi véi gia tri SPAD - NSRI va OSAVI. Su két hgp ndy nham cai thién
chinh xac cua két qua udc tinh ham lugng chét diép luc.

3.2. M6 hinh woc tinh ham luong chat diép luc

Cac m6 hinh hoc may LR, KNN, SVR va RF dugc ap dung dé uge tinh ham lugng di¢p
luc trén la l0a béng cac chi s6 NDVI, OSAVI va NSRI d3 dugce lya chon. Cac md hinh duge
chay véi bo dit liéu gdm 165 mau (Hinh 2), dugc chia theo ti 16 mau huan luyén: miu kiém
tra 12 80:20. Cac miu dugc tron ngau nhién dé dam bao rang cac gia tri diém mau duoc phan
phdi déu trong ca mau hudn luyén va mau kiém tra. Viéc udc tinh ham luong chét diép luc
trén 14 lha duoc thuc nghiém voi bén kich ban tuong Ung véi 3 nhom ti€u chi chon chi s6 da
phan tich trén muc 3.1. Bang 2 13 d6 chinh x4c tuwong ng véi tmg mo hinh trong mdi kich
ban.

Bang 2. D6 chinh xac cua cac mo hinh.

Hé s twong quan (R?)

TT  Chisd Vis Tén mé hinh ) i RMSE
Dir liéu huén luyén Dir liéu kiém tra
LR 0,677 0,723 2,14
KNN 0,759 0,682 2,29
1 NDVI SVM 0,680 0.642 243
RF 0,947 0,675 2,31
5 NSRI LR 0,704 0,680 2,44

KNN 0,812 0,668 1,94
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H¢ s6 twong quan (R?)

TT  Chisé Vs Tén mé hinh _ _ RMSE
Dir liéu huan luyén Dir liéu ki€m tra
SVM 0,742 0,661 2,28
RF 0,955 0,593 0,94
LR 0,684 0,724 2,13
KNN 0,756 0,713 2,18
3 OsAvVI SVM 0,686 0,643 2,43
RF 0,945 0,708 2,20
LR 0,720 0,734 2,10
A NSRI va KNN 0,791 0,671 2,33
OSAVI SVM 0,735 0,683 2,29
RF 0,957 0,707 2,20

Trong kich ban chi 4p dung NDVI dé uéc tinh ham luwong diép luc, md hinh LR thé hién
¢ d6 chinh xéac hon ca, véi gia tri R? kiém tra dat 0,723, dong thoi c6 sai s6 RMSE thap nhat
(2,14). Do vay, mé hinh chi ra kha ning u6c tinh tét va 6n dinh trén tdp mau kiém tra. Mic
dd mé hinh KNN ¢6 R? huan luyén cao hon (0,759), nhung do chinh xac kiém tra lai thap
hon so voi LR (R? kiém tra chi dat 0,682). Hon nita, RMSE ctia KNN 14 2,29, cao hon so voi
LR, SVR va RF mic du ¢6 d6 chinh xac huan luyén tot, nhung lai gip han ché trong viéc
tdng quat hoa khi ap dung trén dir liéu kiém tra, véi R? kiém tra 1an luot 1a 0,642 va 0,675,
va RMSE lan lugt 1a 2,43 va 2,31, cao hon so véi LR.

Kich ban udc tinh ham luong dié€p luc béng chi s6 NSRI cho théy R? huén luyén kha cao,
1én t6i 0,945 voi md hinh RF. Tuy nhién, R? lai khong cao, gid tri giao dong tir 0,593 t6i
0,680. Bén canh d6, RMSE cao nhét di v6i mé hinh LR (2,44) va thép nhét vi mo hinh RF
(0,944). M6 hinh RF trong kich ban nay c6 két qua RMSE t6t nhat nhung c¢6 R? kiém tra lai
thap nhit nén ciing khong duoc xem la giai phéap t6t trong ude tinh ham luong diép luc.

Tuong ty nhu trong kich ban déu tién, kich ban sir dung chi s6 thuc vat OSAVI, md hinh
LR ciing cho thdy d¢ chinh xac t6t nhat khi c6 R? kiém tra cao nhat (0,724) va RMSE thap
nhat (2,13). Mic du mo hinh KNN cho thdy d6 chinh xac kiém tra kha cao (R? kiém tra =
0,713), nhung sai s6 RMSE ctia mé hinh nay (2,18) van cao hon so véi LR. RF va SVR tiép
tuc khong dat dugc két qua cao vé do chinh xac kiém tra, v6i R? kiém tra lan luot 12 0,708 va
0,643, va RMSE cao hon (2,20 va 2,43).

Trong kich ban cudi cung, ham lugng chét diép luc dugc udce tinh khi két hop chi )
NSRI va OSAVI. Trong kich ban nay, LR tiép tuc duy tri vi tri ¢6 do chinh xac t6t nhat véi
R2 kiém tra cao nhat (0,734) va RMSE thap nhat (2,10). RF ¢o R? huén luyén cao (0,957),
nhung d chinh x4c ciia m6 hinh nay trén mau klem tra lai khong t6t, khi R? kiém tra chi dat
0,707 va RMSE 14 2,20. KNN va SVR c6 hiéu suat kiém tra thip hon nhiéu so véi LR, véi
R2 kiém tra 1an luot 14 0,671 Va 0,683, ciing RMSE lan luot 1a 2,33 va 2,29, cho thiy cic mo
hinh nay khong pht hop v6i mau kiém tra.

3.3. Pdnh gid ham lwong chat diép luc trong 1d lia

T}‘I phan tich ¢ muc 3.2, hém‘lu’(_mg diép luc tuong dbi trén 14 11'12} duoc xac dinh tdt nheflt
khi két hop OSAVI v6i NSRI, bang phuong phap LR. Bang 3 1a két qua phén tich LR doi
v6i kich ban két hop chi s6 OSAVI véi chi s6 NSRI.

Bang 3. Két qua mo hinh LR trong wéc tinh ham lugng diép luc.

. o 16 . Khodang tin cay 95%
Hg sb Do lech Théngké  Gid tri xic ("[gnogzgnocggs]) °
hoi quy (B) (Std.Err) kiém dinh t suat: P>[t| [0,025 0,975]
Hang s6
(BO) —22,2815 4,4586 —-4,9973 1,5269 -31,0878 13,4752
OSAVI 40,3567 11,4467 3,5256 0,0006 17,7483 62,9650

NSRI 36,6640 8,5554 4,2854 0,0000 19,7663 53,5617
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Ngoai gi4 tri R? va RMSE ctia md hinh LR véi kich ban két hop OSAVI va NSRI dat
gia tri cao (Bang 2), Bang 3 con thé hién rang, gia tri Std.Er, t, p va khoang tin cay trong mé
hinh LR wéc tinh ham luong di€p luc ciing dat do chinh xac cao, dam bao €6 y nghia veé mat
thong ké. Do vay, véi két qua c6 trong Bang 3, ham lugng diép luc trén 14 lGa dugc udce tinh
theo ham hdi quy sau day:

Ham lugng diép luc = —22,2815+36,6640xNRS1+40,3567xOSAVI (6)

Mo hinh LR dat do chinh xac thdng ké va sai sé trung phuong téng thé ciia ca mé hinh
RMSE (2,1), sai sb ctia cac diém khéo st ciing dugc danh gia nhu trén Hinh 5. Trong Hinh
5 chiing ta ¢ thé thiy da s6 cac diém khao sat c6 sai sé thp, ngoai trir mot s6 diém nhu diém
102: Sai s6 16n (-7,76), diém 111: Sai s6 dang ké (5,66) va diém 151: Sai s6 16n (-7,97). O vi
tri nhiing diém nay, lua bi dap do cong tac di thuc dia léy mau 14 va do phé mit dt tai cac
lan do trudc.
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Hinh 6 thé hién két qua udc tinh ham lwong diép luc trén 14 lha & giai doan chin sita, qua
day c6 thé chi ra rang gidng lua J c6 ham luong diép luc cao hon gidng lta T. Gibéng lua J co
ham luong diép lyc trén 14 c6 gia tri nam trong khoang 31,7112 - 51,505. Trong khi d6, giéng
lua T c¢o gia tri diép luc chi khoang 12,725 - 31,711.

4. Théo luin

Viéc két hop chi s6 VIs ¢6 vai trod thiét yéu trong viéc nang cao do chinh xéac cta cic mo
hinh wéc tinh ham lugng diép luc trén 14 IGa. Cac chi sé NDVI va OSAVI da duoc nhidu
nghién ctru str dung dé wdc tinh ham lwong diép luc [39-41]. Trong khi d6, chwa c6 nghién
ctru nao st dung chi s6 NSRI. Kich ban tich hop NSRI v6i OSAVI trong viéc udc tinh ham
lwong diép luc bang cac md hinh LR, KNN, SVR va RF d chi ra rang chi s6 NSRI gitp tdi
wu hoéa ham luong diép luc can ude tinh va nang cao kha ning khai quat cia mo hinh. Két
hop NSRI véi chi sé OSAVI trong kich ban nghién ctru gitp ting d6 chinh xac ctia mo hinh
trén tap mau kiém tra. Cu thé, trong trudng hop ctua LR, mé hinh str dung NSRI cho két qua
cao hon trong viéc udc tinh cac gia tri kiém tra v6i R? dat 0,734 va RMSE 12 2,10, thap hon
s0 v6i cac kich ban chi sir dung NDVI hoic OSAVI. Trong cac md hinh, mic du RF ¢6 thé
dat duge do chinh xac huin luyén rat cao, nhung khi 4p dung vao mau kiém tra, mo hinh nay
d6i khi gap phai van dé vé kha nang tong quat, thé hién qua R2 kiém tra va RMSE khéng dat
murc t6i uu. Tuy nhién, khi két hop NSRI vao mé hinh, ¢6 thé 1am giam hién twong overfitting
(qua khop voi dir liéu huan luyén), tir 46 nang cao kha ning udc tinh chinh xac trén dit liéu
kiém tra. Hon nita, viéc két hgp NSRI vi OSAVI lam phong phu thém céc dic trung biéu
thi dén ham luong diép luc duoc sir dung dbi véi cac mo hinh LR, KNN, SVR va RF. Piéu
nay tao ra mat tp hop dac trung da dang, gitip mo hinh co thé duoc hoc tét hon, nhét 13 khi
phai xtr 1y cac dir liéu phirc tap hodc co tinh chat khong tuyén tinh. Cac mé hinh nhu KNN
va SVR co thé gap han ché khi xur 1y dir li¢u véi tinh da dang cao, s€ trg 1€n hi¢u qua hon khi
bd sung thém NSRI, gitip ting d6 chinh x4c ctia mo hinh. Nhu vay, kich ban két hop chi sd
NSRI va OSAVI gitp nang cao dg chinh xac cua viéc udc tinh ham lugng di¢p luc trén 1a
lUa.

Khi danh gia cac mo hinh dua trén cac thong s6 nhu R2 va RMSE, mé hinh LR c¢6 gia trj
cao nhét trong bén kich ban thir nghiém. Cu thé, d6i véi NDVI, OSAVI, NSRI va NSRI két
hop OSAVI, LR déu c¢6 d6 chinh xac cao trén mau kiém tra (R? kiém tra) va sai s6 RMSE
thip nhat, phan 4nh kha ning tong quat va udc tinh tbt. Trong khi d6, mac du RF va KNN
dat d6 chinh xéac huin luyén cao hon, nhung R? trén dir licu kiém tra va RMSE cua chung lai
khong tét bang LR. Dic biét, mo hinh RF mic du ¢6 R2 hudn luyén rat cao, nhung lai khong
dat duge két qua tdt ddi v6i dit lidu kiém tra voi R? thép hon va RMSE cao hon. Do d6, mo
hinh LR 14 Iya chon phtt hop nhit vi ¢6 kha ning udc tinh chinh x4c trén ca mau huan luyén
va kiém tra.

Ham luong diép luc c6 thé thay ddi dang ké giita cac giéng lua khac nhau véi cac didu
kién méi truong khac nhau [42]. Hinh 7c chi ra rang gidng laa T c6 ham luong diép trén 1a
thdp hon ngudng phu hop trong giai doan chin sita, gia tri SPAD da xac dinh rang gia tri
SPAD duéi 35 don vi thudng duoc cho 14 14 gié tri quan trong cho thdy nhu cau bon dam cho
lia dé dat sy phat trién toi wu ctia hat [43]. Gid tri SPAD ciia gidng laa T thap c6 thé do gidng
laa T dang ¢ giai doan chin sita mudn, gn budc sang giai doan thu hoach (Hinh 7a). Gia tri
SPAD cua giéng laa T ciing c6 thé biéu hién sirc khoe cia laa dang trong tinh trang thiéu
phan bon can thiét va phu hop trong giai doan nay. Nguoc vdi giong lua T, Hinh 7d lai cho
ta thay gidng lua J dat ngudng tot, v4i gia tri SPAD cua giong Japonica vung 6n d6i 16n hon
37,2 [42]. Bén canh d6, nghién ctru [44] cho rang gia tri SPAD 1a 45,57 d6i voi sita sém va
35,91 ddi véi giai doan sita mudn. Hinh 5b cho théy lta J dang ¢ giai doan chin stta soém. Gia
tri SPAD ¢ ngudng nay la diéu kién quan trong dé dam bao muc nito day du va ting cuong
su phat trién ciia hat khoe manh [44]. V6i sy khac biét vé ham luong diép lyc cua hai giong
laa T va J, ngudi nong dan can bon dam ddi voi giai doan chin sira sém dé duy tri ham luong



Tap chi Khi twong Thiy van 2025, 773, 88-102; doi:10.36335/VNJHM.2025(773).88-102 98

diép luc can thiét trudc khi bude sang giai doan chuyén hoa va tich lily tinh bot ctia hat. Bén
canh do, lua cling can duoc bon kali vai giai doan chin stta mudn dé t6i wu hoa su tich lay
tinh bot ciia hat huéng t6i ning suit laa cao nhat. Gidng lua J c6 tich liy diép luc cao hon
ciing 1a co s& quan trong dé ngudi nong dan lya chon gidng J dugc trong rong rai cho nhimg
khu vuc twong ti vé yéu td tu nhién, méi trudng ctua khu vuce xi Vinh Lai, huyén Lam Thao,
tinh Phu Tho.
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Hinh 7. Lua & giai doan chin sita: (a) gidng lta TBR225 (T), (b) gidng lua Japonica 02 (J).

5. Két luan

Nho ¢6 kénh anh cén hong ngoai, anh UAV da phd di tré thanh dit 1iéu hiéu qua trong
wdc tinh ham lwong diép luc trén 14 thong qua cac anh chi s6 VIs. Trong sb cac chi s6 VIs ma
bai bao thyc nghiém, chi s6 NSRI duoc xac dinh 1a chi s6 méi hiéu qua trong udc tinh ham
lugng di€p luc trén 14 lua cia giéng Jva T tai khu vuc thyc nghiém tai xa Vinh Lai, huyén
Lam Thao, tinh Phti Tho. Bén canh dé, sir dung két hop chi sé VIs, cu thé 1a chi s6 OSAVI
két hop véi NSRI gilp cai thién do chinh xac khi udc tinh ham luong diép luc trén 14 l0a tir
anh UAV da phd.

MBS hinh LR 1a mé hinh téi wu nhit trong s6 cac mé hinh hoc may LR, KNN, SVR, va
RF dugc st dung dé wde tinh ham lugng diép luc tai khu vuc thuc nghiém. Két qua cua bai
béo nay chi ra rang gidng lta J 6 ham luong diép luc trén 14 cao hon gidng lua T, gia tri
SPAD giao dong tir 31,7112 - 51,505. Didu nay cho thay cac gidng lta J c6 hidu qua san xuat
diép luc cao hon gibéng lua T.

Két qua cuia bai bao 12 co s6 tin cdy dé tng dung cac chi sé VIs tir anh UAV trong xé4c
dinh ham lugng diép luc cho céc khu vuc tréng lua voi dién tich 16n. Ham lugng diép luc
trén 14 khac nhau ¢ timg gidng lua ciing giup viéc lwa chon gidng lua va quan 1y viéc bon
phan hiéu qua nham t6i vu héa ning suét lda.
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Bén canh nhitng két qua ma bai bao dat duoc, bai bao con ton tai nhitng han ché khi chi
thyc nghiém udce tinh duoc ham luong diép luc trén 1a thoi ky chin sra ciia vy mua trén hai
glong laa T va J. Bé khic phuc dugc ton tai nay ¢ cac nghién ctru trong tuong lai, dir liéu
mau diép luc, anh bay chup va phuong phap can dugc thu thap va thyc nghiém ¢ nhiéu giai
doan sinh truong va phat trién cua nhimg giéng I0a khac nhau.

Déng gop ciia tac gid: Xy dung y twong nghién ctu; Thu thap, xu ly s6 liéu: P.T.L.,L.V.C.
Phan tich két qua; Vict ban thao bai bao, chinh sura bai bao: P.T.L.

Loi cim on: Nghién ciru ndy dugc hd tro boi dé tai ma sé T24-30 cia Truong dai hoc M6 -
Pia chat do NCS. Lé Van Canh chu tri.

Loi cam doan: Tac gia cam doan bai bao nay la cong trinh nghién clru cta cac tac gia, chua
dugc cong bo ¢ dau, khdng duoc sao chép tir nhirng nghién ctru trude day.
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Estimating chlorophyll content in rice leaves using vegetation in-
dices derived from multispectral UAV imagery

Lan Pham Thi'*, Canh Le Van!

! Hanoi University of Mining and Geology; phamthilan@humg.edu.vn;
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Abstract: Estimating chlorophyll content in rice leaves is crucial for monitoring crop
growth and optimizing fertilizer management to enhance rice yield. In this study, chloro-
phyll content was estimated using vegetation indices (V1s) derived from UAV multispectral
imagery. NDVI (Normalized Difference Vegetation Index), OSAVI (Optimized Soil Ad-
justed Vegetation Index), and NSRI (NIR Shoulder Region Index) were identified as opti-
mal indices based on their correlation with chlorophyll content (SPAD values) measured in
the field. Chlorophyll content was estimated using VIs through various machine learning
models, including Linear Regression (LR), Random Forest (RF), K-Nearest Neighbor Re-
gression (KNN), and Support Vector Regression (SVR). The combination of NSRI and
OSAVI yielded the best results, with the LR model demonstrating higher accuracy com-
pared to other models. The findings indicate that combining VIs from UAV multispectral
imagery with the LR model improves the accuracy of chlorophyll content estimation in rice
leaves. These results provide a reliable basis for applying this method to large-scale areas,
guiding fertilizer management to optimize rice productivity.

Keywords: Chlorophyll content (SPAD value); Vegetation indices (VIs); UAV; Rice.
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