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Tém tit: Nghién ctru sy bién d6i s6 dot rét ddm (RD), rét hai (RH) dua trén nhiét 46 trung
binh ngay (Ttb) tai 10 tram khi twong ving Pong bing Bic B6 (PBBB) cho thay, trung
binh mdi ndm c6 khoang 6.2 dot RD va 3.2 dot RH anh huong. Cac dot RD, RH chu yéu
kéo dai tir 1 dén 4 ngay (chiém khoang 70%). Chiing ¢6 xu huéng giam khoang 0,3 dén 0,5
dot RB/thap ky va khoang 0.4 dén 0,7 dot RH/thap ky. Trong nhitng nim gan day, s6 dot
RD, RH ¢6 xu hudng thap hon trung binh nhiéu nim (TBNN). O hau hét cac tram, ching
thuong giam dan tir thap ky 1981-1990, song lai tang trong thap ky 2011-2020 (d6i véi cac
dot kéo dai tir 1 dén 3 ngay va trén 10 ngay). Mirc d6 ting giam s dot RD, RH trong timg
thap ky khong nhiéu, nhat 1a d6i véi cac dot RD, RH kéo dai tir 10 ngay tro 1én. SO dot R,
RH thuong tang (trong va sau thoi ky La Nina) va gidm (trong va sau thoi ky El Nino).

Tir khéa: Dot rét dam; Rét hai; Pong bang Bac Bo, ENSO.

1. Mé diu

Nhu d biét, rét dam (RD), rét hai (RH) 1a mét trong nhiing hién twong thoi tiét cuc doan
trong mua dong trén cac ving khi hau phia Bic Viét Nam. RD, RH thuong xay ra khi co sy
xam nhap cta khong khi lanh (KKL) két hop véi mua nhé mua phin. bic trung thoi tiét nay
thuong xay ra khi ¢6 dnh hudng cua ap cao lanh lyc dia [1-5], dong xiét gi6 tay trén cao [1—
2] hay KKL tang cuong 1éch dong [3-5]. RD, RH ¢6 thé kéo dai nhiéu ngay, trén dién rong,
gay anh huong dén doi séng sinh hoat cia nguoi dan va thiét hai khéng nho trong san Xuat
nong nghiép trén cac vung. Hon nira, bién doi khi hau dang dién ra trén toan cau ma biéu
hién cuia n6 1a nhiét d6 bé mat trung binh toan cau cling nhu & nhiéu vung trén trai dat dang
c6 xu thé ting 1én [5-6]. Boi thé, nhing bién d6i nhiét d6 ciing nhu cac hién twong thoi tiét
cuc doan,... di va dang dugc nhiéu Nha khoa hoc [1-22],... quan tdm nghién ciru.

That vay, nghién ctru su bién dbi ctia nhiét do trén cac vung trong nhiing nam gan day,
cac tac gia cho rang, trong thoi ky 1961-1998, s0 ngay nong va dém 4m trén tang 1én, con
sd ngay mat va dém lanh giam di tai 15 qudc gia viing Déng Nam chau A va Nam Thai Binh
Duong [8]. Mot két luan twong ty da dugc dua ra khi phan tich bién dbi ciia nhiét do cyc tri
ngay trén 8 qudc gia ving Nam My trong thoi ky 1961-2000 [9]. S6 dém lanh trong nhiing
thang miia dong trén toan An Do, & cac ving phia Bic (thot ky 1969-2005) va ¢ cac vung
phia Nam (thoi ky 1969-1975) da giam dang ké, song s6 ngay nong trong mua heé lai ting
[©]. Nhiét 36 trung binh (Ttb) ngay 0 Italia trong thoi ky 1961-2004 cling c6 xu thé ting 1én
[10]. Trén luc dia Trung Qudc, s6 ngay néng cé xu thé giam nhe nhung s6 ngay c6 Ttb nho
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hon 0°C thi gidm manh hon [11]. Ciing c6 két ludn tuong ty khi phan tich bién ddi cua nhiét
do trén cac vung cua Nga, cdc tac gia cho rang, sd ngay c6 nhiét do cuc dai (Tx) 16n hon phan
vi thir 95 da ting 1én, con sd ngay ¢6 nhiét d6 cuc tiéu (Tn) nho hon phan vi thir 5 dd giam
trén hau hét cac vung cua Nga. S6 ngay c6 nhiét d6 cao di thudng ciing ¢ xu thé giam song
& mot sd ving riéng biét, sé ngdy c6 bién d6 dao dong nhiét d6 ngay 16n lai c6 xu thé ting
Ién [12].

O Viét Nam, trong nhimg ndm gin day ciling c6 kha nhidu cac tic gia dé cap toi bién ddi
c1:1a nhiét ‘dcf) cling nhu so nga‘ly RD, RH trén cac tram, _yﬁqg khi hau Viét Nam. Cac tac gia
deu cho rang, nhi¢t do tai hau hét cac tram trén 1anh tho déu c6 xu hudng tang [3-5, 7, 13-
14,16-17], trong mua he tdng chdm hon trong mua dong Ttb va Tn cling c6 xu thé tang nhanh
hon TX[3, 5, 18]. Su tang nhanh cua Tn thang 1a nguyén nhan Iam giam s6 dot rét dam ¢ Viét
Nam [17]. Tn tuyét d6i thang c6 xu thé tang tir 0,2 dén 0,4°C/thap ky. Xu thé ting cham hon
xdy ra trong mua xuén (trén cac vung khi hiu phia 1?350) va trong mua he (6 cac vung khi hu
phia Nam). Tx tuyét doi thang cling tang tir 0,2 dén 0,3°C/thap ky, vdi toc do tang nhanh
nhét trong mua dong, cham nhét trong mua hé & cac vung Dong Bic, Pong bang Bic Bo
(PBBB) va Bac Trung B6 va ngugc lai ¢ cac vung Tay Bac, Tay Nguyén va Nam Bo [5].

Trén cac viing khi hau mién Béc Vit Nam, mdi nam c6 khoang 30 dén 70 ngay RD,
10 dén 40 ngay RH [4]. S6 ngay RD, RH trén c4c viing khi hau phia Béc Viét Nam déu c6
xu thé giam trong hau hét cac thang [5, 16], voi xu thé giam khoang 3 dén 4 ngay/thap ky
[5]. Su giam cua sé ngay RD, RH ciing nhu sy ting ctia nhiét do trén cac vang khi hau phia
bac 1a do cuong d6 cua ap cao Siberia suy yéu [5, 15]. Su manh I1én hay yéu di cua ap cao
nay con dugc thé hién qua sé dot KKL anh huéng dén khu vuc. Trung binh mdi nim co6
khoang 16—17 dot KKL (thoi ky 1960-2009) [4], 27 dén 28 dot KKL anh hudng dén viing
DBBB [19] va Viét Nam [21]. Chung c6 hudng tang trong thoi Ky chinh dong, giam trong
thoi Ky dau va cudi dong. Trong thoi ky 1993-2019, cac dot KKL ¢6 cuong dd manh, trung
binh, yéu déu c6 xu thé giam, giam manh nhét ddi véi cac dot KKL manh [20]. Trong thoi
ky 2010-2017, mac du, sé dot KKL anh hudng dén viing DPBBB ciing giam song sé dot KKL
manh kém theo cac hién tuong thoi tiét cuc doan nhu mua da, tuyét, gioé giat manh lai dang
c6 xu hudng tang 1én [19].

Bén canh do, dé théy 10 tinh cyc doan cua cac dot RD, RH hay cac dgt KKL, nhiing
tiéu chi va két qua thong ké vé cac dot lanh bat thudng cling di duogc cac tac gia [1-2] dé cap
dén. Trong d6, dot lanh bét thuong la dot RD hoic RH nhung c6 mirc d6 giam nhiét sau va
tao ra c4c gia tri nhiét o toi thap ngdy mang tinh cuc tri va hiém gap so véi chudi sé lidu
nhiéu nam. Cu thé, mot dot lanh bat thuong xuét hién néu né phai la mot dot KKL gay RD,
RH trén dién rong (trong vung c6 2/3 s6 tram Xdy ra RD va it nhat 1/2 sb tram xay ra RH).
Pong thoi, chuan sai thang caa Ttb giam it nhat 0,5°C va Ttb < 12,0°C hoic Tm < 10,0°C.
Hon nita, khi &p tai vung trung tdm ap cao Siberia phai Ién hon 1070mb va phai ¢6 hoat dong
ctia dong xiét gi6 Tay trén khu vuc Béc Bo [1-2]. CAc tac gia cho rang, c6 145 dot lanh bét
thudng (trung binh 3,6 dot/ndm) xay ra trong 40 mua dong (1979/1980 dén 2018/2019) song
ching ciing dang c6 xu thé giam nhe. Phan 16n cac dot lanh bét thuong xay ra trong cac thap
nién 1980 va 2000, nhiéu nhét vao thang 1 va thang 3 [2]. Trong cac thang chinh dong, thoi
ky 1979-2017 c6 47 dot lanh bat thuong xay ra [1]. Mua dong cé sé dot lanh bit thuong
nhiéu nhat 1a mua dong 2013-2014 (5 dot). Dot lanh bat thudng kéo dai nhat 1a 15 ngay (tir
21/1 dén 4/2/1984). Trong thoi gian xay ra cac dot lanh bat thuong, Tn tai cac tram thuong
c6 gia tri tir 7-10°C, tham chi, giam xuéng duéi 0°C ¢ nhiéu noi [1-2].

Ngoai ra, nghién ctru anh huong cia ENSO dén nhiét d6 ciing nhu sé ngay RD, RH
cling cho thdy, trong thoi ky El Nino, Ttb thang ¢ hau hét cc vung trong ca nudc déu cao
hon thoi ky khong ENSO, mua dong chénh 1éch rd rét hon mua he, cac khu vuc phia Nam
chiu anh hudng rd hon & phia Bic. Trai lai, trong thoi ky La Nina, Ttb cac thang thip hon
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binh thuong, & phia Bic chiu anh huéng nhiéu hon ¢ phia Nam [16]. S6 ngay RD, RH [3, 5,
20], s6 dot lanh bt thuong [2] ciing ¢6 xu thé giam trong nhitng nim El Nino, nhung lai ting
1én trong nhitng nam La Nina, nhét 1a trong cac thang sau giai doan cuc thinh cia ENSO
[20]. Tuy nhién, trong mot sé mua dong El Nino (1976-1977 va 1982-1983), sé ngay RD
lai ting manh vao cac thang chinh déng [18]. Thuyc té, trong thoi ky La Nina, sé dot KKL va
KKL c6 cuong do manh thuong xut hién nhiéu hon. Con trong thoi ky El Nino va khong
ENSO, cac dot KKL ¢6 cuong do yéu, trung binh lai chiém wu thé [21]. Hon nira, ¢ nira cudi
mua dong, gi6 mua mua déng (GMMBD) s& suy yéu/ting cudng trong thoi ky El Nino/La
Nina [21].

Nhu vy, c6 thé thiy, hau hét nhitng nghién ctru trong va ngoai nudc chi dé cap toi
nhitng bién d6i cua nhiét do, sé ngay RD, RH, s6 dot lanh bat thuong hay anh huéng cia
ENSO hodc mdt s6 hé théng hoan luu dén chung. Trong khi do, su bién d6i cua sé dot RD,
RH, dac biét la thoi gian kéo dai cua cac dot RD, RH xay ra trén cac ving khi hau phia Béc
cling nhu vung DBBB lai gén nhu chua duoc dé cap dén. Boi thé, sy bién dbi vé tan sb va
thoi gian kéo dai cua cac dot RD, RH trén ving PBBB s& dugc phan tich trong bai viét nay
dwa trén phuong phap thong ké. Bai viét s& phan tich nhitng dic diém phan b theo khdng
gian va thoi gian cling nhu thoi gian kéo dai cua cac dot RD, RH & mét sb tram khi tuong
dién hinh trén khu vuc PBBB véi mong mubn gop phﬁn cdi thién kha nang du bdo, canh béo
som hién twong RD, RH nham 1am giam thiét hai cho san xuat nong nghiép.

2. Phuong phap nghién ctru

2.1. 86 liéu

Dé xéc dinh su bién d6i vé tan sb va thoi gian kéo ciia cac dot RD, RH trén viing DPBBB,
bai viét sir dung so0 li¢u nhi¢t do trung binh ngay tai 10 tram trong khu vuc thoi ky 1981—
2020 (Bang 1).

Bang 1. Danh sach céc tram khi tugng.

STT Tén tram Kinh d¢ Vi do Do cao (m)

1 Hoa Binh 105°20' 20°20' 22.692
2 Ha Bong 105°46° 20°58' 4.934
3 Ha Nam 105°20' 20°55' 2.825
4 Ninh Binh 105°20' 20°58' 3.01
5 Nam Dinh 106°20' 20°09' 1.874
6 Van Ly 106°18' 20°07 1.815
7 Hai Duong 106°20' 20°18' 2.234
8 Hung Yén 106°20' 20°03' 2.939
9 Bach Long Vi 107°20' 20°43' 55.626
10 Phu Lién 106°20' 20°38' 112.409

2.2. Phuong phap nghién ciru

2.2.1. Phuong phap xéc dinh sb dot va thoi gian kéo dai cac dot rét dam, rét hai

Xac dinh dot RP, RH: Tai mdi tram, hién tuong RD xay ra néu Ttb < 15°C va hién
tuong RH xay ra néu Ttb < 13°C [3-4.5, 20]. Néu hién tugng RD chi xay ra mot ngay ciing
duoc tinh 1a mot dot; Trong 1 chudi ngay RD, RH ma xen k& c6 nhitng ngay ma Ttb trén
15°C hay trén 13°C duogc tinh la 1 dot mdi; Déi voi nhitng dot RD, RH kéo dai tir cudi thang
12 ctia ndm nay sang dau thang 1 ndm tiép theo thi dot RD, RH d6 s& duoc tinh 1a 2 dot RD,
RH riéng.

Xac dinh thoi gian kéo dai cua cac dot RD, RH: Thoi gian kéo dai cia mét dot RD, RH
dugc tinh tir ngay bat dau dén ngay két thuc cua dot RD, RH d6.
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2.2.2. Phuong phép xac dinh dic diém phan b va mie d6 bién doi cua cac dot rét dam, rét hai

bic diém phan bd cua sb dot RD, RH trung binh nam ciing nhu té)ng s6 dot RD, RH kéo
dai tir 1 dén 3 ngay, 4 dén 6 ngay, 7 dén 9 ngay, 10 dén 12 ngay va trén 12 ngay ciing duoc
xac dinh trén tung tram.

Mrc do bién ddi cua cac dot RD, RH duoc phan tich dya vao chuén sai cua téng sb dot
RD, RH cua tirng tram trong thoi ky 1981-2020 so véi thoi ky 1981-2010.

Mic du, nhimg két qua théng ké va phén tich dwoc xac dinh cho 10 tram trong
vivungsong trong bai viét ndy chi dua ra hinh v& két qua tinh toan ctia mot sd tram tiéu biéu.

2.2.3. Phuong phép xac dinh xu thé bién ddi cua cac dot rét dam, rét hai

bé x4c dinh xu thé bién ddi cua cac dot RD, RH tai ting tram trén vang DBBB trong
thoi ky 1981-2020, bai viét sir dung hé sé Sen (Q) va kiém nghiém Mann—Kendall [3, 5].
Cu thé:
X — X
Qu=—"—— (1)
J—1
trong do, xj Va xi 1an luot 12 tong sé dot RD hay RH trong nam thir j va i (j > 1). Véi chudi sd
liéu n nam, ta s& xdc dinh dwoc N giéd tri Q (Qk, k=1, 2,....,N v6i N = n(n-1)/2). Tr do, Q
duoc xac dinh 14 trung vi ctia chudi N phan tir nay. Vi€e xac dinh Q 1a trung vi cua chudi s&
gitip chung ta loai bo anh hudng cta nhiing sai s6 thd (néu c6) trong chudi sd licu.

Q% Khi N 13 lé

Q=11 (2)
E(QMQMJ Khi N 1a chin

Khi d6, sé dot RD, RH s& tang 1én hay giam di tity thudc vao dau cia Q co gid tri duong
hay 4m, con mirc d6 tang (giam) thi phu thudc vao gia tri tuyét di cua Q. Trong bai viét nay,
cac gia tri cua Q dugc nhan vdi 10 nén s€ thé hién toc do tang (gidm) cla s6 dot RD, RH
trong mot thap ky.

Ngoai ra, xu thé bién dbi cua cac dot RD, RH con phan tich dya trén gié tri trung binh
ctia s6 dot RD, RH kéo dai trong timg thap ky. Khi d6, nghién ctru chia cac dot RD, RH kéo
dai thanh 5 khoang thoi gian khac nhau: RD, RH kéo dai tir 1 dén 3 ngay, 4 dén 6 ngay, 7
dén 9 ngay, 10 dén12 ngay va trén 12 ngay.

2.2.4. Phuong phap xéac dinh thoi ky ENSO

Xac dinh thoi ky ENSO: Thoi ky ENSO dugc xac dinh dya trén chi s6 NINO.3. Day la
di thudng nhiét d6 mat nude vién (SSTA) ving NINO.3 (5°N — 5°S, 150°W — 90°W). Khi
do, mot dot El Nino hoac La Nina la thoi ky lién tuc, kéo dai tir 6 thang trd 1€n, c6 tri sb
trung binh trugt 5 thang cua chi s6 NINO.3 > 0,5°C hodc < —0,5°C. Cac dot El Nino hoic La
Nina manh dugc xac dinh khi chi s6 NINO.3 > 1,5°C hoidc < —1,5°C. Thoi ky ¢6 —0,5°C <
SSTA < 0,5°C duoc goi la thoi ky khong ENSO hay thoi ky binh thuong [17, 20-21].

Tu do, trong thoi ky 1981-2020 da xay ra: 9 dgt El Nino va 10 dgt La Nina, trong d6 co
3 dot El Nino va 2 dot La Nina manh. Thoi gian kéo dai trung binh cua mét dot El Nino la
12 thang, con 1 dot La Nina 1a 18 thang. Dot El Nino kéo dai nhit 1a 19 thang (tir 10/2014
dén 4/2016). Dot La Nina dai nhét kéo dai 30 thang (tir 11/2013 dén 5/1986 va 8/1998 dén
12/2000). Tuy nhién, dot El Nino (9/2016 dén 2/2017) va dot La Nina (10/2005 dén 3/2006)
chi kéo dai co 6 thang. Hau hét cac dot ENSO bét dau vao mua hé hodc mua thu va két thiic
vao mua dong hodc mua xuan. Thoi ky manh nhat cia mdi dot ENSO thudng xay ra vao
mua dong (tir thang 11 dén thang 1).
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3. Két qua va thao luin

3.1. Dac diem phdan bo va mirc do bien doi cua cdc dot rét dam, rét hai

Trong thoi ky 1981-2020, nhin chung, sé dot RD, RH xay ra tai cic tram trén ving
DPBBB tuong dbi dong déu. Trung binh mdi nam c6 khoang 6,2 dot rét dam va 3,2 dot rét
hai anh huéng dén khu vuc PBBB. Trong d6, s6 dot RD, RH xdy ra nhiéu nhét tai tram Hung
Yén (trung binh khoang 7 dot RD va 3,7 dot RH mdi ndm) va it nhét tai tram Bach Long Vi
(5,4 dot RD va 2,3 dot RH) (Hinh 1).

8
mRD ®=RH

7
_ 6
E
5 5
@ 4
€3
k7

2

1

0

Habong VanLy  Hai Hung Hoa BinhPhuLién Nam Ninh  Bach HaNam
Duong  Yén binh Binh  Long Vi
Hinh 1. S6 dot RDRH trung binh nam trong thoi ky 1981-2020.
S6 dot RD kéo dai - Ha béng S6 dot RD kéo dai - Hung yén S6 dot RD kéo dai - Ha Nam

X | 4

S6 dot RD kéo dai - Phu Lién S6 dot RD kéo dai - Van Ly

» x&\\‘
2

mlngdy wm2ngady w=3ngdy =4ngdy mSngdy = 6ngay

1%

2%
3% 4%

3%
1%

3%

m7ngay wmB8ngay m9ngay =10ngay = >10 ngay
Hinh 2. Ty 1¢ % tong s6 dot RD kéo dai tai cac tram trong thoi ky 1981-2020.

Céc dot RDRH trén khu vyc thuong kéo dai tir 1 dén 4 ngay. Pac biét, tai tram Ha Nam
va Hung Yén xay ra nhiéu dot RD, RH nhat v&i 166 va 178 dot, tham chi, s6 dot RH tai tram
Hung Yén con 1én téi 105 dot. Tram Bach Long Vi, do chiu anh hudng cta khi hau bién nén
cling c6 s6 dot RD, RH it nhat v6i 132 dot RP va 67 dot RH.
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Céc dot RD kéo dai tir 4 dén 6 ngay thuong nhiéu hon & phia déng va it hon & phia tdy
ctua vung. Tuy nhién, s6 dot RH tai cc tram lai chi dao dong tir 27-33 dot, riéng tai tram
Bach Long Vi chi xuit hién 17 dot RH kéo dai tir 4 dén 6 ngay.

O hau hét cac tram trong viing, chi c6 khoang 20 dén 25 dot RD va 3 dén 6 dot RH kéo
dai tir 7 dén 9 ngay. S6 dot RD, RH kéo dai tir 10 ngay trd 1én bién doi khong nhiéu giira cac
tram, chi khoang 7-10 dot RD va 3-4 dot RH.

Phan tich ty 18 phan trim sb dot RD, RH kéo dai tir 1 ngdy, 2 ngdy,... dén trén 10 ngay
c6 thé thdy, tai hau hét cac tram trén khu vuc PBBB, phan 16n cac dot RB/RH kéo dai tir 1
dén 4 ngay, chiém khoang 70% téng s6 dot RD/RH. Dic biét, s6 dot RH kéo dai tir 1 dén 4
ngdy tai tram Hung Yén va tram Bach Long Vi chiém t&i 75% va 80% tong s6 dot RH. S6
dot RD, RH kéo dai tir 5 ngay trd 1én giam dan. Cu thé, sé dot RD, RH kéo dai tir 5 dén 7
ngay chiém khoang 15%, tir 8 dén 10 ngay va trén 10 ngay chi khoang 9 dén 10% tong s6
dot (Hinh 2, Hinh 3).

S6 dot RH kéo dai - Ha Péng S6 dot RH kéo dai - Hung yén $6 dot RH kéo dai - Ha Nam

%2% 3%

1%

S6 dot RH kéo dai - Van Ly S6 dot RH kéo dai - Bach Long Vi
2 243, 2% 0% %09 3%

15 12%
= 1 ngay m 2 ngay = 3 ngay 4 ngay w5 ngay n & ngay

m 7 ngay mBngay wm9ngay w=mI10ngay = >10ngay

Hinh 3. Ty 1& % tong s6 dot RH kéo dai tai cac tram trong thoi ky 1981-2020.

3.2. Murc do bién doi cua so ngay rét dam, rét hai

Mtc d6 bién ddi cua sé dot RD, RH duoc phan tich dya trén chuén sai ctia téng s6 dot
RD, RH trong tirg nim tai cac tram trén ving DPBBB. Chiing dugc minh hoa trén hinh 4 ddi
v6i hai tram Ha Dong va Hung Yén.

Co6 thé thiy, s6 dot RD, RH thuong c6 chuan sai duong trong hodc sau cac thoi ky La
Nina va chuén sai 4m trong cac hodc sau thoi ky El Nino. Diéu nay ciing tuong tu nhur nhan
dinh cua cac tac gia [3, 4, 20, 21, 22] vé anh huong cuia ENSO dén tan suat KKL cling nhu
s6 ngay RD, RH xay ra trén cac ving khi hau phia Bic Viét Nam.

Cu thé, s6 dot RD, RH c6 chuan sai dwong trong cac nim 1982-1986, 1995-1996, 2001
va 2011-2012. Bay déu la cic nam xdy ra hién tuong La Nina hodc sau thoi ky La Nina. Pic
biét, trong thoi ky La Nina kéo dai 30 thang (tir thang 11/1983 dén thang 5/1986) da khong
chi lam tang s6 dot RD, RH ma trong nam 1983, chuan sai tai cac tram déu cao hon trung
binh nhiéu nam (TBNN) tur 2 dén 5 dot RD va 1 dén 4 dot RH. Tai céac tram Ha bong, Ha
Nam, s6 dot RD, RH con cao hon TBNN t6i x4p xi 5 ngay va tir 3 d&én 4 ngay twong tng. S6
dot RD trong nam 1985 tai cac tram Hung Yén, Nam Dinh, Ninh Binh cao hon TBNN hon
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5 ngay (Hinh 4), tham chi con 1én téi 8 ngay tai tram Nam Dinh. S6 dot RH tai tram Phu
Lién, Hai Duong ciing cao hon TBNN trén 3 dot, dic biét tai tram Hung Yén 1én dén 6 dot.

Tuong tu dbi voi cac dot La Nina kéo dai 19 thang (tir 6/1995 dén 2/1997) va dot kéo
dai 20 thang (tir 6/2010 dén 1/2012), s6 dot RD, RH tai cac tram trén ving DBBB ciing cao
hon TBNN tir 1 dén 5 dot va thuong dat gid tri cao hon tai cac tram Nam Dinh, Ninh Binh
va Bach Long Vi,...

Ngay trong dot La Nina chi kéo dai 6 thang (tir 10/2005 dén 3/2006), mic du chi xuit
hién trong nhimg thang dau mua dong (2005-2006) song tai cac tram nhu Ha Pong, Hung
Yén, Phu Lién,.. sb dot RD, RH cling cao hon TBNN dén trén 5 dot RD va 3 dot RH (Hinh
4). Tuy nhién, c6 1€ do chiu anh hudng bdi cac dot E1 Nino manh kéo dai 13 thang (ttr 5/1997
dén 5/1998) va dot trong cac dot La Nina (tir 4/1988 dén 7/1989, tir 8/1998 dén 12/2000 va
tir 10/2014 dén 4/2016) nén trong thoi ky La Nina sau d6 (tir 8/1998 dén 12/2000 va 9/2017
dén 4/2018), s6 dot RD, RH van thdp hon TBNN tir 1 dén 4 dot. S6 dot RD, RH chi ting
ngay sau thoi ky La Nina (ndm 2001) v6i gia tri chuén sai tai cac tram cao hon TBNN tir 2
dén 4 dot. Hon nita, sd dot RD, RH trong ndm 2020 (ndm La Nina) ciing thép hon TBNN
khoang 1 dén 4 dot.

08

Chuin sai tong s6 dot RDRH - Ha Dong
06
ERD RH

o
N

Chuén sai (dot)
o
N

I
00
N
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Hinh 4. Chuan sai ciia s6 dot RD, RH trén ving DBBB trong thoi ky 1981-2020.

Nguoc lai, $6 dot RD tai cac tram trong céc thoi ky El Nino déu thép hon TBNN tur 1
dén 4 dot (trung binh khoang 2 dén 3 dot). Tuy nhién, s6 dot RH thi bién dbi it hon, chi giam
khoang 1 dén 3 dot, hodc con cao hon TBNN & mét s tram. Pic biét, trong nhirng mua dong
sau céc thoi ky E1Nino (tir 10/1986 dén 1/1988, tir 5/1997 dén 5/1998, tir 10/2014 dén 4/2016
va 10/2018 dén 4/2019), s6 dot RD déu giam, thim chi con giam manh hon trong thoi ky El
Nino xay ra truéc d6. Riéng trong dot El Nino manh kéo dai 14 thang (tir 6/1982 dén 8/1983),
s6 dot RD, RH lai cao hon TBNN khoang 1 dén 2 dot. Trong d6, s6 dot RH trong nim 1982
tai cac tram Hoa Binh, Hai Duong cao hon TBNN trén 3 dot va 1én toi xap xi 5 dot tai tram
Ha DPong (Hinh 4).
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3.3 Xu thé bién doi ciia sé dot rét dam, rét hai trong thoi ky 1981-2020

Xu thé bién ddi cua s6 dot RD, RH trong timg thap ky dugc biéu dién trong bang 2. C6
thé thiy, trong thoi ky 1981-2020, s6 dot RD tai cac tram trén ving DPBBB ¢6 xu thé giam
cham tir 0,3 dén 0,5 dot/thap ky, song chi ¢ xu thé bién ddi tai cac tram Ha Pong, Hoa Binh
va Ha Nam dat muc tin cdy trén 90%. So véi s6 dot R, s6 dot RH tai cac tram (trr tram
Bach Long Vi) ¢6 xu thé giam manh hon (tir 0,4 dén 0,7 dot/thap ky) va déu dat muc tin cay
trén 90%. tham chi, xu thé bién dbi tai cac tram tir Hi Pong dén Hai Duong (Bang 2) déu
dat muec tin cdy trén 95%. Tuy nhién, xu thé bién doi sé dot RD, RH tai tram Bach Long Vi
va sb dot RD tai cac tram Nam Dinh, Hung Yén, Hai Duong, Ninh Binh khong rd rang va
cﬁng chua dat muec tin cay 90% (Bang 2). Sy giam cua s6 dot R, RH ciing phu hop véi su
giam cia sd dot lanh bat thuong [1-2] va s ngay RD, RH [3, 4, 5, 16, 17, 20] cung nhu sy
tang cta nhiét do [3, 4, 5, 14, 15, 16, 17, 18, 20] & cac ving khi hau phia Bic trong mot s6
nghién cuu trude do.

Bang 2. Xu thé bién ddi cia s6 dot RD, RH trong timg thap ky.

STT Tén tram S6dgt RD  S6 dot RH
1 Ha bong -0,54 -0,63
2 Hoa Binh -0,31 -0,36
3 Ha Nam -0,51 -0,70
4 Nam Dinh 0,00 -0,68
5 Van Ly -0,30 -0,49
6 Hung Yén 0,00 -0,69
7 Hai Duong 0,00 -0,54
8 Phu Lién -0,30 -0,37
9 Ninh Binh 0,00 -0,36
10 Bach Long Vi 0,00 0,00

Chi thich: Cac gi4 tri dat do tin cay trén 90% (t6 dam).

3.4 Sw bién doi ciia sé dot rét dam rét hai trong tung thap ky
Su bién doi ciia tong s6 dot RD, RH trung binh mdi nam trong timg thap ky, thoi ky
1981-2020 duoc biéu dién trén Hinh 5.
Tong s0 dot RD trung binh nim Tong 50 dot RH trung binh nim

8 m 1981-1990 = 1991-2000 =2001-2010 m2011-2020
7 11981-1990 m1991-2000 2001-2010 m2011-2020

4
3 Q 3
2
1
0 0

TramHa Vanly Ha Hung Hoa Phi  Nam  Ninh HaMNam Bach B Tram Hi Vinly H& Hung Hoa Phu Nam Ninh Hi Bach TB
Bong Duong Yén Binh Lién Binh Binh Long Vi Viing Dong Duong Yén inh Lién Binh Binh Nam LongVi Ving

sédot RD
= @
So dot RH
R

Hinh 5. Téng s6 dot RD, RH trung binh nim trong timg thap ky tai cdc tram ving DBBB.

Nhin chung, sé dot RD, RH trung binh ndm c6 gid tri cao nhét trong thap ky dau (1981-
1990) véi khoang 7 dot RB/nam va xap xi 5 dot RH/nam. Trong cac thap ky sau, s6 dot RD
va RH tuy ¢ xu thé giam hodc bién d6i khong nhiéu, song & mot s6 tram nhu Hung Yén,
Hai Duong, Phu Lién,... chlng lai ting I&n trong hai thap ky cudi.
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Téng s6 dot RD, RH trung binh nim trong timg thap ky twong tng voi thoi gian kéo dai
ctia chiing dugc biéu dién trén Hinh 6. C6 the thdy, s6 dot RD tai hau hét cac tram c6 xu thé
bién ddi ting trong mot hodc hai thap ky gan day (d6i v6i dot RD kéo dai tir 1 dén 3 ngay va
tur 10 ngay tro 1én) nhung lai ¢6 xu thé giam dan qua cac thap ky (ddi voi cac dot RD kéo dai
tir 4 &én 9 ngay). Riéng tai tram Phu Lién va Bach Long Vi, trong thap ky cudi, sé dot RD
kéo dai tir 1 dén 3 ngay thi giam nhung lai ting s6 dot RD kéo dai tir 4 dén 6 ngay (Hinh 6).

TB n3m s6 dgt RD - HA Déng . TB n3m s6 dot RH - HA Déng
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w

m1981-1990 = 1991-2000 20012010 2011-2020

S6 dot RD
w -

S& dot RH

=t o~

H o~ B

~
-

0 l | = - - 0
13 10-12 >12 3 10-12 >12
Thoi gian keo dai (ngay) Tho’\ gian keo da\ (ngay)
TB ndm s6 dot RD - Hung Yén ie TB nam so dot RH - Hung Yén
. ,
m1981-1990 ®1991-2000 ®2001-2010 m2011-2020 3 m1981-1990 m1991-2000 ®2001-2010 m2011-2020
5
25
4
z L 2
' 5
E 3 =15
xQ w
1 05 II
13 46 79 1012 >12 13 46 79 1012 > 12
Thi gian kéo dai (ngay) Thoi gian kéo dai (ngay)
TB ndm s6 dot RH - Ha Nam TB nam s dot RH - Ha Nam
35 35
§1981-1990 ®1991-2000 m2001-2010 m2011-2020 m1981-1990 ®1991-2000 ®2001-2010 m2011-2020
3 3
25 2,5
I I
=) = 2
£ £
o 15 o 15
v v
1 1
II II
. [ | - - . ; [ | - - [ .
13 46 79 1012 >12 13 46 79 10-12 >12
Thoi gian kéo dai (ngay) Thoi gian kéo dai (ngay)
TB ndm s8 dot RD - Phi Lién TB n3m s& dot RH - Phu Lién

@
W
[

W 1981-1990 W 1991-2000 m2001-2010 2011-2020 B1981.1990  m 1991-2000 2001-2010 2011-2020

1
0 || III II. == HE = 0 |I| III [ I} - H =

10-12 > 12 10-12 >12
Thm gian keo da\ (ngay) Thm gian keo da\ (ngay)

56 dot RD
o
S8 dot RH
- o
- [5) =] v w

(=}
n

Hinh 6. S6 dot RD (trai), RH (phai) kéo dai trung binh nim trong timg thap ky.

Tuong tu, s6 dot RH cling c6 xu hudng giam qua timg thap ky song tai tram Bach Long
Vi va Phu Lién, s dot RH ciing ¢ xu thé tang trong thap ky cuoi (d6i véi cac dot RH kéo
dai tir 1 dén 3 ngay). Tuy nhién, cac dot RH kéo dai tir 4 dén 6 ngay lai c¢6 xu thé ting 1én
trong thap ky cudi (trtr tram Phu Lién va Van Ly) (Hinh 6).
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Nhu vay, s6 dot RD, RH tai cac tram trén vung PBBB dang c6 xu hudng giam song Cac
dot RD, RH keo dai tur 1 dén 6 ngay va trén 10 ngay thuong c6 xu thé tang trong thap ky
cudi (2011-2020). Nhin chung, murc dg tang giam s6 dot RD, RH khong nhiéu (chi nho hon
1 dot/thap ky) va bién ddi rat it dbi voi cac dot RD, RH kéo dai tir 10 ngay trd 1én (Hinh 6).

4. Két luan

Su bién d6i cua hién twong RD, RH trén khu viee PBBB duoc phan tich dya trén sd liéu
quan tric cta Ttb ngdy tai 10 tram trén khu vuc trong thoi ky 1981-2020. Két qua cho thiy
rang, trung binh mdi nim c6 khoang 6.2 dot rét ddm va 3.2 dot rét hai xay ra trén ving
DBBB. Chiing ¢ xu thé giam khoang 0,3 dén 0,5 dot RD/thap ky va khoang 0,4 dén 0,7 dot
RH/thap ky. Trong nhitng nim trong hodc sau thoi ky La Nina, RD, RH thudng xay ra nhiéu
hon so v6i TBNN tuong tng tir 2 dén 5 dot RD va 1 dén 4 dot RH. Nguoc lai, s6 dot RD,
RH giam khoang 1 dén 4 dot trong nhitng nim trong va sau thoi ky El Nino. C6 khoang trén
70% sb dot RD, RH kéo dai 1-4 ngay, 15% sé dot RD, RH kéo dai tir 5 dén 7 ngay va chi
khoang 10% ddi voi cac dot RD, RH kéo dai tir 8 ngay tro 1én. S6 dot RD, RH thuong giam
dan trong thoi ky 1981-2010, song dbi véi cac dot kéo dai tir 1 dén 3 ngay va trén 10 ngay
thi ¢6 xu thé tang trong thap ky 2011-2020. Mirc d¢ ting giam sb dot RD, RH trong ting
thap ky khong nhiéu, nhat 1a dbi véi cac dot RD, RH kéo dai tir 10 ngay tr 1én.

C6 thé néi, hién tugng RD, RH trén mdi khu vuc néi chung va ving DBBB noi riéng
khong chi chiu anh huong ciia cac hé thong hoan luu ma ché do bic xa, su bién ddi cua lwong
mAy, mua, sy néng 1én toan ciu hay qua trinh d6 thi hoa ciing s& 1 nhitng nhan t6 quan trong.
Do d6, nhitng nguyén nhan gay cac dot RD, RH kéo dai can duoc nghién ctru thém trong
tuong lai.

bong gop cua tac gia: Xay dung y tuong va lua chon phuong phap nghién coru: C.T.T.H.;
Phan tich va vir Iy s6 liu: N.V.T.T.; Viét ban thao va chinh stra bai bao: C.T.T.H.

Loi cam doan: Tap thé tic gia cam doan bai bao nay 1a cong trinh nghién ctru cta tap thé
tac gia, chua dugc cong bo ¢ dau, khong dugce sao chép tir nhitng nghién cuu trude day;
khong ¢6 su tranh chap loi ich trong nhom tac gia.
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Changes in the number of cold and extreme cold spells occurring
in the Northern Delta region in the period 1981-2020

Chu Thi Thu Huong'", Nguyen Van Tam Tan?
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Abstract: Study on the change in the number of cold (RD) and extreme cold (RH) spells
based on the average daily temperature (Ttb) at 10 meteorological stations in the Northern
Delta (DBBB) shows that, on average, there are about 6.2 RD spells and 3.2 RH spells each
year. The RD and RH mainly lasted 14 days (accounting for about 70%), concentrated in
the central area of the region. They tend to decrease about 0.3 to 0.5 RD spells/decade and
0.5 RH spells/decade. In recent years, they tend to be lower than the average state. At most
stations, the number of RH and RH spells usually decreased gradually from the decade
1981-1990, but increased in the decade 2011-2020 (for periods lasting from 1 to 3 days
and over 10 days). The degree of increase and decrease in the number of RD and RH spells
in each decade is not much, especially for the RD and RH spells lasting 10 days or more.
The number of RD and RH spells usually increases (during and after La Nina period) and
decreases (during and after EI Nino period).

Keywords: The number of cold and extreme cold spells; Northern Delta; ENSO.
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Tém tit: Trong nghién ctru nay, dir liéu do rong, d6 tham tir tap cat két tang Miocen, mo
Alpha thudc bé Nam Con Son dugc thu thap, phuong phéap don vi dong chay thuy lyc (HFU)
duogc ap dung dé phan chia via chira thanh cac don vi dong chdy. Tir moi quan h¢ rong—tham
tuong Ung trong moéi don vi dong chay co thé thiét 1ap duoc cong thirc du doan do tham
Ngoai ra, dua trén dir liéu phan tich 4p suit mao dan bom ép thuy ngan (MICP), thong s6
R35 duoc két hop véi sb liéu do rdng, do thim dé xdy dung cong thirc thuc nghiém ciing
cho phép udc tinh d6 tham. Két qua du doan do tham cua cac mé hinh tir phuong phap HFU
va MICP déu cho ra cac két qua du doan c6 do tin cdy cao hon so v61 mo hinh rong thim
truyén thong. So sanh sy thay d6i do tham theo do sdu cta cac giéng khoan trong khu vuc
nghién ctru, d6 thim du doan tir hai phuong phéap cho két qua khdp véi s6 liéu do thim do
dugc trén mau 16i. Do d6, md hinh dy doan do tham két hop phuwong phap HFU va MICP
co thé duge ap dung vao thuc tién giip nang cao hi¢u qua cta cong tac du doan do thadm
trong khu vire mo Alpha.

Tir khéa: Dy doan d6 tham; HFU; MICP; R35.

1. Mé dau

Do thim 1a mot thdng sd quan trong dé danh gia chat lugng via chira va xdy dung mo
hinh mé dau khi. Thong thuong, d6 tham duoc xac dinh tir phan tich mau I6i tiéu chuan
(Routine Core Analysis — RCA) trong phong thi nghiém. Do viéc ldy mau 16i kha han ché va
chi mot sé doan ngan dugc chon cho mot gleng khoan mot giai phap thuong dugc ap dung
1a dy doan d6 thim theo mo hinh rong thim truyen thong. Tuy nhién, giai phap nay chi co
thé ap dung cho céc via chira cat két dong nhat, dbi véi cac via chira co tinh bat dong nhat
cao hoic c6 h¢ thong kénh rdng phirc tap viéc ap dung mo hinh réng thim truyen thdng cho
két qua du doan do tham co6 d6 tin cay khong cao. Muc tiéu cua nghién ciru nham xay dung
cac mo hinh du doan do tham cé do tin cdy cao va it sai s6 S0 v6i két qua do duoc trén mau
I6i bang cach &p dung phuong phap HFU va MICP.

Bé Nam C6n Son (NCS) (Hinh 1) 1a bé chira c6 trit lwong dau khi 16n thir hai chi sau bé
Ciru Long va 13 bé chira ¢ san luong khai thac khi lon nhat tai Viét Nam [1], vi thé cac hoat
dong tham do va khai thac & bé NCS ¢ dong gop rat 16n cho nén cong ‘nghiép dau khi trong
nuée. Tuy nhién, cac via chira cat két thudc bé NCS thudng co tinh bat dong nhét cao, dic
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biét 1a tap cat Kkét tﬁng Miocen [2]. Do dé, viéc du doan d6 thAm mét cach chinh xac co v
nghia rat quan trong.
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Hinh 1. Ban db khu vyc nghién ctu [3].
2. Co s6 dir liéu va phwong phap nghién ciru

2.1. Co so dir liéu

Dit liéu phan tich mau 15i tiéu chuén gém d6 rong, do thAm dugc thuc hién trén 189 mau
I6i hinh try. Cac mau nay dugc thu thap tir 2 giéng khoan Alpha—1, Alpha—2 thudc tang
Miocen, mo Alpha, bodn trling Nam Con Son. Cuy thé, 117 mau hinh tru thudc giéng khoan
Alpha—1 va 72 miu hinh try thudc giéng khoan Alpha—2 duoc tién hanh phan tich d6 rong
trén thiét bi UltraPore-300™ va CMS-300, d¢ thdm duogc thuc hién trén thiét bi GasPerm.
Két qua cho thy tap hop mau 1a cat két, cat sét xen kep hat min dén hat trung c6 do rong
giao dong trong khoang 3,0-22,7%, d6 thAm niam trong khoang 0.00007—182 md. Dua trén
biéu d6 (Hinh 2) c¢6 thé thiy rang mdi quan hé rdng thim tir dit liéu phan tich miu 15i 1a
khong tuyén tinh, thé hién cac mdi quan hé phirc tap do su thay doi chat lugng d4 chira va
cho thiy tinh bat dong nhét cao cua via chira ting Miocen thugc mé Alpha. Ngoai ra, 32 mau
vun tir 2 giéng khoan Alpha—1, Alpha—2 ciing dugc phéan tich MICP dé khao sat kich thudc
hong kénh rdng ciia d4 chira cho khu vuc nghién ctru.

Biéu db mdi quan hé giira d6 réng véi dd tham
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Hinh 2. Méi quan hé¢ giita do rong véi do tham trong tap hop 189 mau thugc mo Alpha.
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2.2. M6 hinh tham—réng theo HFU

Déi v6i cac via chira c6 tinh chat bat dong nhét, can thiét phai phén chia via chira thanh
cac don vi dong chay riéng biét c6 dic trung vé& mit dia chét, phan bd kich thudc kénh rong
cling nhu kha ning cho dong va céac tinh chat nay c6 thé du bao dugc [4]. [5] da dé xuit
phuong phap xac dinh quan hé d6 thAm—do rdng theo timg don vi thiy luc dong chay, dong
thoi ciing dua ra cac khai niém chi sé chit luong d4 chira va chi s ving chay dua trén cong
thirc Carman—Kozeny [6]:

L (1)

F‘rzszg,, 1-¢2)

Tir cong thire (1) c6 thé viét lai nhu sau:

Pe 1
0,0314 \E T—on TR (2)

Trong d6 F 1 yéu t6 hinh dang; 7% 12 d6 udn khuc; Syg 12 dién tich bé mat trén thé tich
hat, pm; K 12 d6 thdm (um?): ®e 12 d6 réng hiéu dung, ti s6; 0,0314 1a can bac 2 cia yéu tb
chuyén d6i tir pm? sang md.

Chi s6 chit luong da chira RQI (reservoir quality index):

RQI = 0_0314\/(/)2 3)
Chi s6 ving chay FZI (flow zone indicator):
1
FZI = 7= (4)
Tu phuong trinh (2), (3), (4) co:
RQI =¢FZI (¢2) (5)
Vi Pz = ;e (6)

Phuong phap nay dya vao sO lidu do rong, do thim tir phan tich RCA s& xdc dinh dugc
cac thong s6 RQL @z, FZI. Cac mau co gla tri FZI nhu nhau s€ cung thu¢c vé mot HFU, do
thAm ctia mot mau cu thé dugc tinh bang gia tri chi s6 ving chay trung binh (FZlavg) cia HFU
va d6 rong clia mau, theo cong thic:

3
k= 1014(FZlavg)” (2) ()

2.3. M6 hinh tham—rong theo MICP

Phan tich MICP dugc thuc hién trén thiét bi Autopore IV (Hinh 3), diém ndi bat cua
phuong phap nay 1a ¢ thé tao dugc ap suat bom ép thity ngéan rat cao 1én toi 60.000 psi va
thu duoc lwong 16n dit lidu kich thudc hong kénh rdng trong khoang tir 0,003 dén 360 um.
Washburn di dua ra cong thirc mé ta moéi quan hé giita ap suat day va kich thudc hong kénh
rong nho nhat dugc thity ngan xam nhap [7]:

C2y cos 6
= Greost ®)

Trong d6 r 1a ban kinh hong kénh réng (um); P la dp suit mao dan (psi); C 1a hé sé
chuyén d6i don vi; y |12 strc cang bé mit cua thuy ngan (480 dynes/cm); 0 1a géc dinh wét (140
do);

[8] da phat trién mot cong thirc thuc nghiém tir méi quan hé giita d6 rong, d6 tham va
kich thudc hong kénh rdng twong mg véi diém béo hoa thily ngan 35% (R35) cho mét tap
hop mau gdm da cat két va da cacbonate. Thong sé R35 (Hinh 4) c6 anh huéng 16n t6i kha
ning cho dong qua méi trudong rong, do d6 R35 duge xem la chi bao dinh lugng cho kénh
rong 16n nhat va c6 tinh két ndi nhat. Cong thirc Winland nhu sau:

Log(R35) = 0.732 + 0.588 x Log (k) — 0.864 X Log(¢p) 9

Trong d6 R35 12 ban kinh hong kénh rdng tai diém bao hoa thity ngan 35% (um); k 12 do
thidm khi (md); ¢ 1a 6 rdng (%).
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Duya trén mé hinh ctia Winland, ¢6 thé dugc xay dung cong thirc thuc nghiém dé woc
tinh 6 tham trén mdi quan hé giira R35 voi d6 rdng, do thAm cho mot tap hop mau phan tich
MICP, nhu sau:

Log(k) =a+ b x Log(p) + c X Log(R35) (10)

Trong d6 a, b, ¢ 14 cac nghiém ctia phuong trinh hoi quy.

Hinh 3. Thiét bi bom ép thay ngan ap suat cao Autopore IV.

D6 bao hoa thiy ngan v&i kich thwée hong kénh réng
1.60
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Hinh 4. R35 trén biéu dd kich thudc kénh rdng va do bio hoa thuy ngéan [8].
3. Két qua va thao ludn

3.1. Dur dodn dé tham theo mé hinh thd’m—ro:ng theo HFU

Dua trén s6 liéu d6 rong, 6 tham cua tap hop 189 mau, tinh toan duoc cac thong sb lién
quan dén kénh rong nhu @z, RQI, FZI. Tu do, co tNhé xac dinh dugc cac don vi dong chay
thuy luc va gia tri FZI trung binh tuong ing v4i moi don vi dong chay thay luc d6. Hinh 5
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thé hién mbi quan hé giita RQI v6i ®z tuong Gmg voi timg HFU, theo d6 xac dinh duoc 6
HFU c6 céc gia tri FZI trung binh lan luot: 0,03; 0,147; 0,48; 1,274; 2,020; 2,923 (Bang 1).
C6 thé théy rang cac HFU c6 gia tri FZI 16n s& c6 chét luong via cao va c6 kha ning cho
dong t6t hon céc HFU c6 gia tri FZI thap. Trong tirng HFU, d6 thdm duoc wéc tinh dua vao
moi quan hé gitra do rong v6i d6 tham theo cong thirc (7), ciing dugc thé hién trong Béang 1.
M&i quan hé gitta d6 réng voi dd thAm cho timg HFU ciing dugc thé hién trong Hinh 6.

Biéu db giira RQI va PHIZ
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Hinh 5. Mdi quan hé giira RQI v6i ®z twong tmg véi timg HFU.

Biéu do giira Do tham véi Do rong cho tirng HFU
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Hinh 6. Méi quan hé¢ giita do rong v6i do tham tuong tng véi timg HFU.

Két quéa do thim du doan bang phuong phap HFU dugc so sanh voi két qua do thérn do
trén mau 15i (Hinh 7) c6 hé s6 tuong quan R?= 0,86, cho thady m6 hinh du doan d6 tham cua
phuong phép nay c6 do tin cay cao hon so véi md hinh dg rong tham truyén thong (Hinh 2).
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Bang 1. Gid tri FZI trung binh va cong thirc wéc tinh do thdm cho ting HFU.

HFU FZI trung binh Cong thirc wéc tinh do thAm
1 2,923 K = 8664,11x(¢%/(1-¢)?)
2 2,020 K = 4138,42x(¢%/(1-9)?)
3 1,274 K = 1646,25%(¢%(1-9)?)
4 0,480 K = 234,09%(¢%(1-¢9)?)
5 0,147 K = 22,03%(¢¥/(1-¢)?)
6 0,030 K =0,935%(¢%/(1-¢)?)

D doan d6 tham bang phuong phap HFU
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100

y=0.9152x2018
R%*=0.86

P6 tham do trén mau 15i (md)
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Hinh 7. So sanh d6 thim du doan bang phuong phap HFU vé6i d6 thAm do trén mau 16i.

3.2. Dy dodn do tham dwa trén mé hinh lhcfm—rgng theo MICP

Duya trén moi quan hé twong quan giita R35 v6i d6 tham, do rong cho tap hop 32 miu
phan tich MICP va ap dung cong thirc (10), c6 thé xdy dung dugc cong thire thuc nghiém
nhu sau:

Log(k) = —0.628 + 1.159 X Log(¢) + 1.26 X Log(R35) (12)

Véi cac hé s6 a=-0,628, b = 1,159, ¢ = 1,26 thu dugc dugc bang ky thuat hoi quy gitra
cac phuong trinh thyc nghiém duoc xay dung tir moi quan hé R35 (MICP) vé6i do tham, do
rong cho tap hgp 32 mau phan tich MICP.

Ap dung cong thirc (10) dé udc tinh do tham cho tap hop mau cat két trong khu vuc
nghién ciru. So sanh két qua do thim wdc tinh voi d6 thim do trén mau 15i, cho thay phuong
phap MICP cho két qua c6 d¢ tin cdy rat cao véi R?= 0,93 (Hinh 8).

Ap dung cic mé hinh dy doan d6 tham tir hai phuong phap HFU va MICP dé du doan
d6 tham cho via chira cat két thudc ting Miocen & 2 giéng khoan Alpha—1 va Alpha—2. Sau
d6, so sanh do thim trén mau 15i v6i do thim du doan tir céc md hinh dugc bicu dién theo do
sau (mMD) (Hinh 9). Ket qua cho thay 2 phuong phap HFU va MICP cho két qua du doan
khép voi do tham thyc té do duoc. Pac biét, tai giéng khoan Alpha—1 khu vyc khao sat 13 via
chta trong dbi dong nhét ket qua do thim du doan tir cac mo hinh bam sat véi két qua do
thdm do trén mau 13i. O giéng khoan Alpha—2, khu vuc khao sat 1a via chira co tinh bat dong
nhit cao c6 thé thdy rang tai khoang do sau c6 d6 tham tir trung binh d&én t6t (> 0,1 md) do
thdm udc tinh tir cac mo hinh ciing bam sat do tham do trén mau 15i.
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Dy doan dd tham phwong phdp MICP
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Hinh 8. So sanh d6 thAm du doan bang phuong phap MICP vé6i d6 thim do trén mau 16i.
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Hinh 9. So sanh d6 thdm dy doan bang phuong phap HFU, MICP véi do thim do trén mau 13i theo
d6 su cia GK Alpha—1 va GK Alpha-2.
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Tuy nhién & cac khoang d6 sau c6 do thim thap (< 0,1 md) c6 sy khac biét giira d6 tham
duir doan tir cac mo hinh va do thim do thuc té, cu thé & khoang d6 sdu 4675-4684 m (d6
tham < 0,01 md) c6 su sai léch nhoé va c6 thé théy rﬁng d6 thAm tir MICP ¢6 it sai 1éch véi do
tham thyuc té hon do thdm tir HFU. Sy khéc biét vé d6 thdm tir cac mé hinh v6i d9 thdm do
dugc c6 thé do anh huong cua viée phén chia don vi dong chay khong chi tiét & cac miu co
chat lwong via thap hodc sb liéu phan tich MICP khong bao gom cac mau co kich thude kénh
rong nhd (R35 < 0,5 um). Tuy nhién, cAc miu nam & cac khoang d6 sau nay c6 chit luong
via kém khong dong gop vao kha ning cho dong nén sai s6 c¢6 thé chap nhan duoc.

4. Két luan

Via chira ting Miocen mo Alpha, bé Nam C6n Son c6 tinh chat bat ddng nhat cao, do d6
dé xay dung mo hinh dy doan do thdm c6 do tin cay cao can phan chia via chtra thanh cac
don vi dong chay riéng biét ¢6 dic trung vé mdi quan hé rong tham.

Theo phuong phap HFU, xac dinh dugc 6 don vi dong chay riéng bi¢t twrong ung véi 6
HFU va tir mbi quan hé d6 rdng d6 tham tuong v&i FZI trung binh trong timg don vi dong
chay thiét 1ap duoc cong thuc tinh do thim.

Ngoai ra, theo phuong phap MICP ¢ the xdy dung cong thuc thyc nghiém dy doan do
thim duy trén mdi quan hé giita d6 tham, d6 réng v4i thong sd R35:

Log(k) = —0.628 + 1.159 X Log(¢) + 1.26 X Log(R35)

Ca 2 phuong phap HFU va MICP déu cho ra cac mo hinh dy doan d6 tham c6 d9 tin cay
cao hon so véi md hinh réng thim truyén théng.

Két qua so sanh sy thay d6i do thAm theo d6 sdu cua cac giéng khoan trong khu vuc
nghién ciru cho thiy d6 tham du doan tir hai phuong phap cho két qua khép voi sd lidu do
thim do dugc trén miu 18i. Do do, viéc két hgp 2 phuwong phap duoc dé xuét trong nghién
ctru s& giup nang cao hiéu quéa cong tac du bao d tham trong cac via chira co tinh bt dong
nhat cao. Tuy nhién, dé c6 thé 4p dung cac mé hinh dy doan tir HFU va MICP cho céc khu
vuc 1an cin chua ldy mau 18i can két hop voi tai lidu dia vat Iy giéng khoan, minh giai tudng
da.

Dong gop cua tac gla Xay dung y tuong va lya chon phuong phap nghién ctru: P.N.Q.,

P.D.K.; Phan tich va xt 1y s liéu: P.N.Q.; Kiém tra cong viéc phan tich va xu ly s6 lidu:
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A Model for Permeability Prediction from Core Analysis Data
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Abstract: In this study, the core analysis data from Miocene sandstone reservoir, Alpha
field, Nam Con Son basin were collected, the method of hydraulic flow unit (HFU) was
applied for dividing Miocene sandstone reservoir into flow units. From the relationship
between porosity and the corresponding permeability in each flow unit, a formula for
predicting permeability can be established. In addition, based on Mercury Injection
Capillary Pressure (MICP) data, the pore throat channel size parameter at 35% mercury
saturation (R35) was combined with porosity and permeability data to establish the
empirical formula for permeability estimation. The permeability prediction results of the
models from HFU and MICP methods both give higher reliability than the traditional
method based on the relationship between permeability and porosity. Comparing the change
of permeability versus depth of the wells in the study area, the predicted permeability from
the two methods matches the permeability data measured on the core sample. Therefore, the
permeability prediction model applying HFU and MICP methods can be applied in practice,
the combination of HFU and MICP methods for comparison will help improving the
efficiency of water permeability prediction in the Alpha field area.

Keywords: Permeability prediction; HFU; MICP; R35.
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ting mwc nuwoc triéu va kha nang thoat nwéc cho hé thong kénh
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Tém tit: Vi vai tro 1a trung tam kinh té, thuong mai va du lich cua ca nuée, Thanh phé
Ho Chi Minh (TP.HCM) di c6 téc do d6 thi hoa nhanh da kéo theo nhiéu hé luy vé co s&
ha tang, trong d6 van dé ngap d6 thi 1 nang né nhit. Luu vuc Tan Héa-Lo Gém ndm & ranh
Tay Nam cta ndi thanh giap ranh gidi v6i ngoai vi. Kénh chay tir huéng Dong Bac dén khu
Tay Nam qua 5 quan: Tan Binh (khu Bau Cat), quan 11, 6, 8, Binh Chénh va két thic tai
kénh Tau Hil. Téng dién tich luu vuc 13 2.498 ha (chiém 3,8% dién tich cua thanh phd).
Nghién ctru da mg dung m6 hinh PC SWMM dé mo phong anh huong cua viée gia tang
muc nudc bién dm v6i kha niang thoat nudc cia luu vic. Két qua nghién ctru cho thiy giai
phap ho didu tiét c6 hidu qua ca trong diéu kién bién ddi khi hau tmg véi cac kich ban dua
ra.

Tir khoa: Ngap lut d6 thi TPHCM; M6 hinh SWMM; Kénh Tan Héa—Lo Gom.

1. Mé dau

Thanh phd HO Chi Minh 1 thanh phd 16n nhat ciia mién nam nudc ta, thanh phd giir vai
tro la trung tdm kinh té, thuong mai va du lich trong nude cling nhu thé giéi. Cung véi su
phat trién kinh té va sy gia tang dan s6 da thuc day tang nhanh toc do cong nghiép hoa, do
thi hoa. Vi thé gay ra nhiéu van dé anh huéng dén moi trudong do thi. Mot trong nhing van
dé can phai giai quyet la tinh trang ngdp nude va thoat nudc do thi. Mac du, da dugc nha
nuoc quan tam dau tu xdy dung nhing cong trinh chdng ngap nhung hién tai tinh trang ngap
van dang chwa dugc cai thién dang ké.

Xét vé diéu kién dja hinh: Dia hinh TPHCM twong d6i bang phang, bo tay ctia song Sai
Gon va Nha Bé dugc phan thanh 4 vung dia hinh. Vung phia tay c6 dia hinh thap cao do tur
0,7-1 m tai huyén Binh Chanh, khu vuc ¢ gilta la ving dat cao ké ca ving dat doi 6 Hoc Mén
(8-10 m). Go vap 10m va khu d6 thi hién hiru (2-8 m) [1-2].

Xét vé diéu kién khi twong: Khi hau TPHCM bi anh huéng boi gié mua nhiét doi nén co
nhiét do cao, dd6 4m cao, c6 may nhiéu. Cac mua tuong tu véi khi hau cua mién Nam vao
mua he, chiu anh hudng cua gi6 mua Tay Nam va vao mua dong chiu anh hudng cia gié mua
Tay Biéc [1-2].

Xét vé diéu kién thuy van: Séng rach TP bao gdm mot mang ludi gan két voi nhau rat
phirc tap. Mang lu6i kénh rach kha day véi tong chiéu dai gan 100 km trén toan TP. Céc con
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kénh chinh 1a Bén Nghé, Tham Luong, Vam Thuat, Nhi€u 19c Thi nghe, Tau Hi, kénh do61,
kénh Té va Tan Hoa—Lo Gom. Mang ludi kénh bi anh huong rat 16n boi thiy triéu, mot sd
kénh con bi anh hudng cua tridu tir nhiéu huéng va két qua 1a cac chat 6 nhidm bi luu gir lai
trong kénh. Thoi gian tridu cuong tir thang 9—12, triéu thap tir thang 4-8 va muc triéu trung
binh tir thang 1-3. Trong luu vyc TH-LG ¢6 thé thay anh huéng cua triéu 1én den cay sO
3,57 (dén cau Tan Hoa). Do khong c6 tram kiém soat tai TH-LG, do d6 khong c6 sb liéu vé
tridu dwoc ghi nhén tai day. Tuy nhién dé tham khao, cha ¥ 1a d6i voi song Sai Gon co su
khac biét trung binh 1a 1,8 m hang nim gitra triéu cao va triéu thap. Trong luu vic Tan Hoa—
Lo GOm ciing c6 sy khac biét twong tu [3-4].

V& muc nudc ciing anh huéng theo mua. TPHCM c6 hai mua: mua mua tir thang VI dén
thang XII con lai 1a mua kho. Muc nude khac biét khoang 75 cm gitra thang 1X va thang X
(thdng mua nhiéu nhét) va thang 111, IV (thang kho nhat). Vao mua kho do lugng nudc thai
cham, su nhiém min cia song kha quan trong. Moi van dé thoat nude ctia kénh lién quan dén
tac dong cua tridu vi nang suat cia kénh chi con & mirc 0 trong thoi gian tridu cudng.

Vé lugng mua: Luong mua 16n nhat thudng dién ra vao thang 1X va thang VI, luong
mua trung binh 14 355 mm va 313 mm. Mua thuong chay nhu trat nudce, toe do nhanh, thuong
kéo dai tir 30” dén 1 gio. Lugng nudc mua téi da 179 mm kéo dai trong 24h dugc ghi nhan
vao thang 9/1942. Lugng mua trong mua giéo mua vao thang dong tir 51 mm vao thang 4 va
thang 9, 4,7 mm vao thang 2. Tir thang 12 dén thang 4 lugng mua rat hiém [3-4].

Vé hé thong cong thoat nude: Mang ludi trong luu vwee TH-LG rat phirc tap va phan bd
thay d6i. Hé théng duoc phan thanh 4 cap tuy theo kich cé va chirc niang. Hé thong thoat
nuoc cua luu vye dai 157,1 km (cong cip 2 va 3) d6 vao kénh bang 25 cua xa va 5 kénh
nhanh. Hé thong cong hién hiru cua pham vi nghién ciru gom duong 6ng c6 duong kinh la
0,8m hodc lon hon va mét s6 duong ong nho hon chua biét. Chirc nang hé thong cong nay 1a
hé thdng céng chung vi no mang ca nudc mua, va nudc thai tir bé tu hoai, nude thai va nudc
cong tho. Cac ky su Phap da thiét ké hé thong nay va bat dau xay dung vao dau nam 1870.
Viéc xdy dung tiép tuc theo timg giai doan vi tdc d6 d6 thi hoa. Mot bé mit rat 1on cua luu
vuc khong ¢ hé théng thoat nude riéng [3-4].

Nudc ta dang co toc do do thi hoa ting nhanh gin lién v6i nhu cau phat trién ha tang d6
thi. D6 thi hoa kéo theo qua trinh bé tong hoa da l4n chiém song ngoi, ao hd, tan pha tham
thuc vat, 1am thu hep, thay doi dong chay va qué trinh luu giit tw nhién ctia nude. Cac cong
trinh két cAu ha ting (duong sa, san bai, ...) chiém dung bé mat tu nhién da lam giam ning
lyc tiéu thoat tu nhién, lam tang luu lugng dong chay bé mit va giam tham thdu cua nudc
xudng 10ng dat, giam kha ning bd sung tai chd ngudn nudc ngam cing nhu gay don diu
canh quan, burc xa nhiét do bé tdng hoa [5]. Thuyc trang cho thay, nhiéu d6 thi cua nudc ta co
hé théng thoat nudc thuong xuyén bi quéa tai mic du di duoc quan tim dau tu. Ngap ung
cling thuong xuyén xdy ra tai cac do thi trong ca nudc, nhu: TP Ho Chi Minh, Ha Nbi, Pa
Ning, Hai Phong thuong xuyén xdy ra ngap ung do mua 16n hodc cac nguyén nhan khéc.
Céc giai phap thoat nudc theo hudng bén viing da ¢ tir nhitng nam 70 cua thé ky trudc va
dang dugc cac nudc trén thé gidi chu trong phat trién. Hé théng SuDs véi cac giai phap k§
thuat sinh thai da dugc thir nghiém thanh cong & nhiéu nudc phat trién: Tokyo la thu d6 dat
nhiéu két qua dang ghi nhan trong linh vuc nay; SuDS c6 mit trén khip cac thanh phd &
Vuong quéc Anh va riéng tai Scotland tinh téi nam 2002 da c¢6 1.300 du an SuDs dugc thuc
hién [5].

Trén the gi6i c6 nhiéu nghién ciru, g dung cac mo hinh khac nhau dé md phong ciing
nhu dé xut cac phuong an thoat nudc chdng ngap nhu: Hiéu chinh mé hinh dong chay mat
theo thot gian, danh gia tac dong thuy lyc. M6 hinh danh gia tac dong dai han cua nhan to
thuy lyc, nghién ciru sy thay ddi truc tiép cna dong chay mit theo thoti gian dbi voi diéu kién
sir dung dat khac nhau. Va nhiing tac dong dai han cua nhén t6 thily van véi luu vuce song.
Str dung phuong phap hdi quy tuyén tinh dé kiém dinh viéc danh gia tac dong dai han cua
nhan t6 thay lyc va du doan dong chay tryc tiép. M6 hinh ciing di duoc thir nghiém ba lan &
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luu vuc song Little Eagle Creek, Indian. Két qua da phat sinh thém nhiing van d¢, chung
duoc kiém soat qua san pham dong chay mat, va du doan mot cach ¢ hé théng dong chay
mit tryc tiép bang viéc danh gia tac dong dai han cua nhén t6 thay lyc cling nhu so sanh voi
dir liéu quan sat ngoai thuc té [6-7]. M6 hinh hé théng thoat nude kép (Dual Multilevel Urban
Drainage Model), tac gia sir dung h¢ thong thoat nude kép, mang ludi kénh hé phia trén mat
duong, hé¢ thong cong kin phia dudi dé giam luu luong dinh cua hé thong. Pic biét trong mod
hinh nay cho thdy dugc mdi quan hé thiy dong luc gilta nhirng dong chay ¢ mang trén va
mang dudi. Day la mo hinh nghién clru méi trong van dé thoat nuéc do thi, tuy nhién mo
hinh van chwa duoc ing dung rong rii trong thuc té [8-9].

O Viét Nam n6i chung va thanh phé HO ‘Chi Minh ndi riéng, cac nghién ciru phuc vy tiéu
thoat nude cho do thi khong ngirng phat trién, tuy nhién, mo hinh van chua dugc tng dung
rong rai trong thurc té. Ngudng mua khac nhau va sy tham gia cta hé thong cong trinh da cho
thdy tinh hitu hiéu ctia nd. P c6 cac bao cdo, nghién ctiru: Nghién ctru kha thi va thiét ké so
bd dy &n thoat nude TP. HCM luu vue Nhiéu Loc Thi Nghe. Bdo cédo trinh bay céac dir li¢u
thiy van cho Iuu vuc Nhiéu Loc Thi Nghe. Bao cdo dac biét hitu ich do st dung SWMM trén
khu vuc d6 thi voi nhitng dic diém tuong tu kénh TH-LG. Ddng thoi trinh bay lai luong
mua va cac phan tich thity vin khéc ciing nhu chi tiét vé phuong phap luan dong chay, dugc
str dung cho viéc ap dung mé hinh SWMM ¢ TP.HCM [10-11]; Luén ching kinh té k¥ thuat
tiéu thoat nudc va cai tao 6 nhidm hé kénh rach Tan Hoa—Lo Gom. Trong luan chimg vé thoat
nudc mua va phan chia khu vuce véi cac cap dia hinh khac nhau, c6 huong thoat nude khac
nhau nham giai quyét nudc mua ving cao khong chay vao ving thip giy ngap. Cac vung
cao hé thong cong thoat nude co nhiém vu tiéu thoat lugng mua cua cac tran mua 1on nhét
trong ndm. Muc nudc tridu trong kénh rach dugc chon vao thang IX. Cac ving thap hé théng
thoat nudc chiu anh hudng cia thuy triéu, myuc nudc ngoai song mang tinh quyét dinh [12];
Céc két qua tinh toan muc nudc trén kénh Lo Gém. Bao céo trinh bay bang thong ké cac muc
nudce trén kénh Lo Gom. Tai liéu ndy cung cép cac gia tri kiém tra hitu ich cho nhitng mo
hinh duoc gidi thiéu boi tu van qudc té Thai Binh Duong va téi tao lai trong nghién ctru hién
nay; Su thay d6i khi hau, d6 thi hoa va tinh trang ngap & TPHCM. Bai bao cac dir liéu thuy
van ¢ng voi tinh hinh thay d6i khi hau. Day la tai liéu rat can thiét cho van dé nghién clru
hién nay. Pua ra nhiing 1y giai vé tinh trang ngdp ung ¢ thanh phd hién nay tmg véi cac sd
lidu trén. St dung mo hinh thuy lyc SWMM dé mo phong dong chay trong hé thong kénh
cbng, dién hinh 1a luu vie TH-LG [13-16]; Ung dung k¥ thuat sinh théi, xdy dung h¢ thong
tiéu thoat nuagce do thi bén viing. Tac gia nghién ctru cac nguyén nhan gay ngap do mua, tridu
va mua tridu két hop nhung chi yéu 13 ngap do mua. Cai méi trong nghién ctru la thyc hién
tidu thoat nudc mua do thi bang cac giai phap bén ving, hinh thanh hé thong tidu thoat nudc
mua gan két chit ché v6i hé sinh théi ty nhién. Céc giai phap k¥ thuat sinh thai rit da dang
duoc lya chon phu hop voi mue do d6 thi hoa. Pay 1a tai liéu rt can cho cac nghién ctru hién
nay khi nghién ctru hé thong thoat nudc d6 thi [17].

Tuy vay, tng véi mdi khu vuc, luu vuc song kénh cu thé thi cac mé hinh ung dung cé
tinh kha thi khac nhau va d6i véi kénh Tan Hoa—Lo Gom trong nghién ctru niy s& str dung
md hinh PC SWMM dé lam cong cu mo phong kha ning tiéu thoat nudc cho khu vire.

2. Phuwong phap nghién ciru

2.1. Gioi thiéu lwu vue nghién ciru

Moi nim TP.HCM chiu nhiéu tran ngap nghiém trong khong chi trong mua mua ma con
trong mua trleu cao. Do thiéu duy tu, dia hinh dét dai thap, luong mua 16n trong mot giai
doan ngén, triéu cao va khong du hé thong tri thily va thoat nudc, mot sé khu vye cia TPHCM
bi anh huong boi ngdp lut. Tinh trang ngap lut kéo dai 1-2 ngay trong mua mua.

Luu vuc TH-LG chia thanh 2 viing chinh. Mot khu dat chinh kha cao bao phu ving
thuong ngudn ciia kénh (quén 11 va Tan Binh), phan dit thip phan 16n ndm ¢ quéin 6. Phan
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thuong ngudn co dia hinh thip nhé (cao d6 6-8 m trén muc nudc bién). Phan phia tdy va nam
ctia luu viue Lo Gém cao d6 trén 2 m trong khi d6 huyén Binh Chanh va quéan 8 13 hai ving
dat dam 14y thap. Phan 16n quén 6, 8, 11 cao d¢ dudi 2 m. Buong ddéng mirc 2 m duogc xem
la ranh gidi1 quan trong vi muc nudc trleu ctia song 1én dén 1,4 m trén muc nude bién. No
duoc xem 14 rinh thu nudce va thoat nude rt ¢ hiéu qua cho vung dét co cao d0 trén 2 m néu
dudi 2 m hé théng thoat nudce s& bi anh hudng béi triéu.

Trong luu vuc TH-LG dién tich ngap lut 1a 578,8 ha Khu vuc rong 16n bi ngép do thiéu
hé thong thoat nuwéc ndm & phan phia tay cua luu vuc & quan 6 va quan Tan Binh. O quén 6
nguyén nhan thtr 2 bi ngdp do lugng nudc thai trong kénh bi qua tai, dac biét tai phuong 14,
9 va 11. S6 luong 16n dat triing ngay trudc trong khu dat thap 13 noi diéu tiét tw nhién va rat
quan trong, nhung nhimg nam gan day mot s6 luong dat triing tai quan 6 da bi 1ap nén ngap
lut xay ra ngay cang nhiéu néu khong c6 giai phap [3-4, 13-15].

BAN PG V| TRI LUU VUC TH-LG TRONG KHU VU/C PO TH| TPHCM
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Hinh 1. Ban d dia hinh luu vuc Tan Héa—Ld Gém [4].

2.2. Co 56 Iy thuyét mé hinh SWMM

Mo hinh quén ly nuéc mua (Storm Water Management Model — SWMM) dugc xay dung
vo1 sy tai trg lién tuc cia co quan bao v€ moi truong My 1a mot trong ) nhirng mo6 hinh ndi
tiéng nhét vé viéc tinh toan thoat nudc mua do thi.

M¢ hinh quan Iy nuéc nuéc mua SWMM la mo hinh toan hoc toan dién mé phong khoi
luong tinh chat dong chay db thi do mua va hé thong cng (kénh) thoat nudce thai chung. Moi

véan dé thuy van do thi va chat luong nudc déu duoc md phong, bao gom dong chay mat,
dong chay ngdm, van chuyén qua mang ludi hé théng tiéu thoat nudc, hd chira va khu xir 1y.

M6 hinh PC SWMM m6 phong cac dang mua thyc té trén co s lugng mua (biéu dd qua
trinh mua hang nam) va cac s lidu khi tuong dau vao khac hé théng mé ta (luu vuc, van
chuyén, hd chta/ xtr Iy) dé du doan cac tri s chét luong va khéi dong chay.

M6 hinh PC SWMM duogc xay dung trén co s gdm hai khdi mo dun ¢ ciu triic nhur
sau (Hinh 2) [18-22]:
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Dong chdy
( Khdi Runoff )
Truyén tai chdy mit
( Khdi Transport )
Chdy trong hé théng Trit/xt ly
( Kh&i Extran ) ( Khdi Storage/Treatment )
Nhin nudc

( Kh&i Receiving )

Hinh 2. So dd lam viéc cia PC SWMM.

Hé phuong trinh dao ham riéng co ban cho hé thong dong chay trong cdng thoat nudce
xuat phat tir hé phuong trinh dong khong 6n dinh 1D Saint—Venant.
a. Phuong trinh lién tuc ctua dong khong 6n dinh:
oA + V% + Aﬂ =0
ot OX OX
(1) , , ,
Trong d6 A 1a dién tich mat cat ngang, V la luu toc trung binh mat cat ngang dong chay,
x 1a khoang cach doc theo long dan, t 13 thoi gian.
Goi Q 12 lvu lugng dong chay: V =Q/A 2
Thay (2) vao (1), tim duogc:
AR 3)
ot ox
b. Phuong trinh dong luwgng ciia dong khong 6n dinh:

oh Vvov 190V
S =8 ——-——-=.— (4)
ox g ox g ot
Trong d6 S¢la d6 dbc thuy luc; So la do dbc day; g 1a gia tc trong truong.
Thay (2) vao (4) va sau mgt s6 bién doi, tim dugc:

2
@-l-a(Q /A)+gAa|_| +0AS, =0 (5)
ot oX X

Véi: H= 1z + h 1 ¢t nude do ap (z 1a cao d6 day, h 1a chiéu sau nude. Do doc day So =
dz/dx dugc bao ham trong gradient cua H.

Trong Mén hoc thuty luc, phuong trinh dong lwong duoc dung trong cac éng va phuong
trinh lién tuc dwoc ding tai cac niat. Nhu vay dong luong dugc bao toan trong 6ng va lién tuc
tai nut.

Phuong trinh (5) dugc cai bién nhd biéu thirc:

QY A=V2A (6)
Q2
0| —— 2
[AJ_a(V A) _2AVxaV VoA ®)
ox  ox OX OX

Thay (7) vao (5), nhan dugc phuong trinh dong luong véi 4 bién phu thuoc Q, A, V va
H.
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oQ 2AVQ+V2 aAJrgAﬁ+gAS =0 (8)
) ot ~ox OX OoX
Nhan hai vé cua (1) boi V va sap xép lai duoc:
Avﬂz_vﬁ_\ﬂ% 9)
OX ot OX
Cudi cung thay (9) vao (8) d¢ khir so hang 6V/0x, dugc phuong trinh dong lugng ket
hop voi phuong trinh lién tuc dudi dang sau:
@+gAs _ovPA_\p0A gA@=o (10)
) ot ot OX OX
Trong (10), d6 doc thuy luc dugc xac dlnh nhd biéu thirc Manning:

S = R4/3 Q|V| (11)

Trong d6 n 1a hé s6 nham Manning, R 13 ban kinh thuy Iyc. Dau gia tri tuyét ddi trong
(11) 1am cho Sf1a mot dai lugng c6 hudng va bao dam rang lyc ma sat ludn luén ngugce chiéu
dong chay.

Nhu vy phuong trinh cudi cfmg dé giai la:

Q. 90 oy 2V%—v2 OA L ga
ot R™ OX OX

Str dung phuong phap sai phan hiru han véi so d6 hién 4p dung vao phuong trinh (12),
sau mot sd bién d6i nhan duge phuong trinh 101 rac sau day:

Q, +2VAt AN o] BemA
Q.. = At ), L
trat = 2
gn - H, —H
1+ —= = | — AAt 2 1
R4/3 ‘V‘ g [ L ]

Trong d6 Qt+At va Qt lan luot 1a luu lugng & cudi va dau thoi doan At; VAR Ia trung
binh ¢6 gia trong ctia nhitng gia tri twong tmg & hai dau 6ng vao thoi diém t; (AA/AL) t 1a dao
ham theo thoi gian cua A tur bude thoi gian trude.

Céc an s6 trong (13) 1a Qt+At , H2 va H1.

0 (12)

(13)

Céc dai lugng V,AR déuco quan hé voi Q va H.

Do d6, can c6 mot phuong trinh lién h¢ giita Q va H. D6 chinh 1a phuong trinh lién tuc
tai mot nat:

oH/ot = ZQ/As (14)

Hay dudi dang sai phan: Herat = He + 2Qt At /Ast (15)

voi As la dién tich mat thoang cua nut.

Cac phuong trinh (13) va (15) co the duogc giai lién tiép nham xac dinh luu luong trong
mdi dng va cot nude tai mdi nut cho mdi bude thoi gian At.

Uu diém ctia phuong phép sai phan hiru han theo so d6 hién 1 don gian, dé 1ap trinh trén
may tinh nhung c6 nhuoc diém 1a bi han ché vé budc thoi gian. Pé bao dam su On dinh cua
10i giai s, budc thoi gian At phai théa man diéu kién Courant sau day:

* Pbi voi 6ng:

At < L/(gD)Y? (16)

Trongdo D la chiéu sau tbi da trong dng. Vé phai ctia (16) 1a thoi gian can cho mot song
dong luc truyen trén chiéu dai L cua dng.

* Poi v6i nit:

At < 0,1 As AHmax / ZQ a7
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Trong d6 AHmax 14 46 dang 16n nhét ctia mit nudc trong mot bude thoi gian; £Q 1a tong
luu luong thuc chay vao nut.

Budc thoi gian At dugc chon sé 13 gid tri nho nhét trong hai gia tri cho bai (16) va (17).
Theo kinh nghiém, At = 15 + 30 s la thich hop.

2.3. Co so dir liéu

- Bién myc nudce: Dao dong muc nude triéu dugc gan tai nut 101 (giao tai dau rach Ong
Budng va kénh Tau Hu) 1a mo hinh triéu tiéu dugc tinh toan trén mo hinh tong thé, ung vai
muc nuoc song Sai Gon tai tram Phu An 1a 1,43 m, tuong Gng voi tan suat thiét ké 1a 10%
(Hinh 3).

BIEU PO TRIEU

2.00
1.50

4
100 r‘\\ ///r\ /
AN 4 ~_ 7/
0.00 I e e L B e e e e e e e e B I LA b 2 s
1234:\@\1}910111213141516171‘8\94{21222324

MUC NUGC(m)

-0.50

-1.00

GIO

Hinh 3. Qua trinh myc nude triéu.

- Mo hir}h mua thiét ké: Mo hinh mua duoc sur dung trong ,tinh toan dugc ldy theo tram
Tan Son Nhat voi chu ky tran cong 1ap lai la 3 nam dya theo két qua xur ly cua CDM (Cong
ty tu van Camp Dresser Mckee). H¢ s0 tri€t giam ap dung cho luu vuc nhé deé nghi lay bang
1 (Hinh 4).

E BIEU DO MUA THIET KE TH-LG 180phut, 3 nam, bwérc thoi gian 15 phat
: 35 il
2
g 30
25
20 18.5
15 - 116
7.9
10 +
51 <1 H H o T6 16 16
0 A B '_| -
12:00 12:15 12:30 12:45 13:00 13:15 13:30 13:45 14:00 14:15 14:30 14:45
Théi gian (h)
Hinh 4. Biéu d6 mua thiét ké.
, N A 114
- Cac thong so khac:

Kénh TH-LG chiu trach nhiém thoat nudc cho luu vee TH-LG va Hang Bang (HB). Do
do6 tong dién tich dugc nghién ctru trong mo hinh 1a khoang 1700 ha, bao gdm ca hé thong
thoat nuéc TH-LG va HB. Do dbc dia hinh cia timg tiéu lvu vyuc trong luu vuce nghién ciru
duoc xac dinh truc tiép dua trén ban do s6 hoa cua luu vue.

Ti I€ dién tich ph?m khong tham so v&i téng dién tich duge udce tinh theo co céu st dung
dat vé 1au dai 1a 55-75%. Gia thiét bo qua bdc hoi do thoi doan tinh toan ngan.

Céc s6 lidu vé mat cét cac tuyén kénh rach duoc léy theo du an thoat nudc cho luu vuc
TH-LG.

Cao 3o mat dat duoc léy theo cao do tu nhién xac dinh trén ban dd sb hoéa, tuy nhién dbi
v6i ving triing thip, cao d6 mat dat duoc gia dinh bang cao d6 san nén ti thiéu +2m (theo
quyét dinh s6752/QD-Ttg cia Thu Tuéng Chinh Phu ngay 19/06/2001 v/v phé duyét Quy
Hoach tong thé hé thdng thoat nudc TP HCM dén nam 2020).
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So d6 thoat nudc:

So db hién trang: Toan b hé théng hién trang dugc so dd hoa thanh 180 tiéu luu vuc,
221 doan ng va 181 nut (Hinh 5a).

So d6 thiét ké: Toan bo hé théng hién trang dugc cai tao mé rong theo thiét ké va duoc
so d6 hoa thanh 162 tiéu luu vuc, 164 doan 6ng va 163 nut. (Hinh 5b). So d6 thiét ké co sd
tiéu luu vuc, s doan dng va nit it hon & so d6 hién trang 1a vi khi thiét ké nhiing dudng 6ng
c6 khau d6 nho bi bo di va thay bang duong dng ¢ khau do to hon, mot sb duong dng kép
hai bén dudng chuyén thanh duong dng don & giita dudng.

J@migiao tai rach Ong Buong va kenh Tau Hu, mgiacl rach ong Buong va kenh Tau Hu)

Hinh 5. (a) So d9 hién trang luu vuc TH-LG; (b) So db thiét ké lwu vyc TH-LG.
3. Két qua va thao luan

3.1. Két qud mé phéng hién trang ngdp lut

* Két qua hiéu chinh, kiém dinh mé hinh

Dung phuong 4n hién trang dé kiém nghiém mo hinh bang cach so sanh nhimng diém
ngap c6 dugce tir viéc mod phong bang mé hinh véi diém ngap tir khao sat thyc té.

Sau khi thyc hién mo phong bang mo hinh PC SWMM, két qua nhu sau:

So dlem quan sat 180 diém. Trong d6 co 74 dlem ngap chiém 41%. Con theo khao sat
thuc té thi s6 diém ngap 1a 99 diém, chiém 55% tong s6 diém.

Nhu vay ti 16 mo ta thanh cong ctia mé hinh 1a khoang 75%. Do sb liéu diéu tra vé hién
trang kénh céng khong day du va thiéu tin cdy nén ti 18 thanh cong nhu vay 13 kha cao, cho
thiy m6 hinh c6 kha ning tai hién tinh trang ngap ¢ luu vuc TH-LG.

Nghi€n ciru nay s& sir dung myc nude bién thay 601 cho phu hop véi thuc té dao dong
muc nudc triéu va ché do van hanh cua cong ngan triéu. Bang 1 trinh bay két qua s0 sanh
giita 2 truong hop muyc nude bién: (1) ¢b dinh 1,31 m va (2) dao dong theo thay triéu véi
dinh max 1a 1,43 m (Bang 1).
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Bang 1. Két qua phuong an thiét ké cai tao mo rong truong hop bién 1a myc nudc ¢d dinh va dao

dong theo thiy triéu.
Bién Muc nuée ¢d dinh Dao dong t heo.lxm_rc nuge
thiy triéu
Quan sat 163 163
Téng thoi gian ngap (phut) 9.448,1 2.583,6
S6 diém ngap 17 17

Theo két qua mé phong bién muc nuée c¢b dinh din dén két qua sai 1éch nhiéu véi bién
dao dong theo triéu. Trong khi d0, theo két qua tinh toan thily luc cac du 4n quy hoach thoat
nuée chi tiét TPHCM thi myc nudce tai ngd ba Lo Gém—Tau Ha khong phai 13 muc nude doc
1ap ma chju anh huong ciia ché 46 mua—dong chay trén toan luu vuc rong.

Vay dé giai quyét tinh trang ngp, viéc mé rong cai tao hé thong kénh cdng nhu phuong
an thiét ké, diéu kién bién mo hinh mua duoc sir dung trong tinh toan duoc 1ay theo tram Tan
Son Nhét v6i chu ky 1ap lai 3 nam dya theo két qua sir 1y cua CDM, va muc nudc dao dong
theo tridu tai tram Phi An thang 10/2002 chi giai quyet ngdp do mua ¢ thoi diém hién tai,
khong giai quyét tinh trang ngép do triéu. Cho nén dé giai quyét tinh trang ngap do triéu,
phuong an hién tai hoac la két hop nang cao d6 nén (phuong an chon cua du 4n) hodc két
hop t6 hop cong ngan triéu va bom.

3.4. M6 phong anh huwong viéc gia tang muc nwoc bién voi kha nang thodt nwoc cua luu
viee va deé xuat bién phap khdc phuc.

Du6i anh hudng cta bién d6i khi hau (BPKH) muyc nudc trén cac song déu cé xu hudng
gia tang (Bang 2).

Bang 2. Xu thé gia ting muc nude cao nhit hang nam thoi ky 1990-2017.

Tram Viing Tau PhGAn NhaBé ThaDiuMét TanAn BénLic Bién Hoa
Toc do tang 0,08 145 1,17 0,94 2 1,94 1,63
(cm/nam)

Két qua kiém tra xu thé ting ciia muc nudc 16n nhat hang nam tai cac tram thiy van
chinh trong khu vuc theo phuong phap Mann—Kendall va Sen duogc trinh bay trong bang 3.

Bing 3. Danh gia xu thé ting cia muyc nudce 16n nhat hang nim tai cac tram thuy van chinh.

Zmax (cm) n Mann-Kendall Z Sen's Q Sen's B cov Danh gia
Pha An 18 4,03 1,455 108,82 0,06 Tang manh
Ving Tau 18 -0,04 0,000 134,00 0,06 Khoéng tang
Thi Dau Mot 18 4,46 0,900 100,70 0,05 Tang manh
Nha Bé 18 3,27 1,167 116,58 0,06 Téang manh
Bién Hoa 18 1,86 1,800 138,30 0,11 Tang it
Bén Luc 18 3,88 1,917 92,00 0,09 Téang manh
Tan An 18 2,88 1,941 97,76 0,12 Téng manh

Luong mua thiét ké cho tran mua 180 phut dugc nghién ctu dé xuét bai CDM, 13 90,3
mm va 105,4 mm, tuong (mg véi cac chu ky 1ap lai 1a 3 va 5 nam, véi hé sb triét giam 1a 1.
Trong tinh toan nay nghién ctru sé sir dung lai nhiing gia tri tinh toan cuia CDM va du phong
theo xu thé cho timg thoi ky 10 nim dé dénh gia kha nang lam viéc ciia hé théng thoat nudc
& cac thoi ky 2008 (gia tri tham chiéu), 2018, 2028, 2038, 2048 va 2058. Cac thong so thiét
ké ctia hé thong thoat nude mura s& duge md phong bang méd hinh PC SWMM cho hai phuong
an thiét ké véi anh hudng cua viée gia ting muc nude bién (mua ting —0,8 mm/nam, triéu
tang —1,0 cm/ndm, mua triéu cing ting):

- Phuong an thiét ké 1 (TK1) — cai tao m& rong két hop nang cao do nén.
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- Phuong 4n thiét ké 2 (TK2) — cai tao mé rong két hop cbng ngin triéu va bom. (Xay
dung mot céng ngan tridu ¢ dau kénh TH-LG véi kich thudc HxB = 4,5%50 m, v6i nguyén
Iy 1am viéc dong & cao do +0 khi tridu 1én va md & cao d6 +1,3 m khi tridu xudng. Viéc chong
ngap cho luu vue duoc két hop véi mot tram bom dé van hanh trong truong hop mua 16n gip
tridu cudong bén ngoai).

Két qua mo phong kha ning thoat nudc bang méd hinh PC SWMM trong diéu kién thay
d6i khi hau: myc nudce gia tang (hinh 6 va hinh 7).

s DIEN BIEN THOI GIAN NGAP
s VOI CAC PHUONG AN TRONG PIEU KIEN THAY POI KHi HAU
2. 5000
Q
Z 4500 s ;
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2000 1550.8 "
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Hinh 6. Dién bién thoi gian ngdp vdi cac phuong an trong diéu kién BDKH.
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Hinh 7. Dién bién s diém ngap v6i cac phuong an trong diéu kién BDKH.

Theo két qua mé phong, cang vé sau thoi gian ngdp va sd diém ngap cang ting dan, do
d6 cac phuong 4n thiét ké hién tai khong kha thi v6i dién bién khi hau trong tuong lai. Ca hai
phuong an thiét ké déu khong giai quyét ngap triét dé cho luu vuc.

Vay dé x6a ngap triét dé trong diéu kién BDKH nghién ctru xét hai kich ban bd sung (a)
va (b) t6 hop v6i hai phwong an TK1 va TK2.

(a) Quy hoach lai mat do xay dung cho phép sao cho c6 thé giam dan ti 18 dién tich mat
phu khong tham nudc tir 75% hién nay xudng dén khoang 55% trong vai thap nién toi.

(b) B6 sung thém cac hd diéu tiét phan bd rai rac trén luu vue. Vi tri va dién tich phu
hop cho viéc phat trién hd s& duoc thir dan trén moé hinh PC SWMM.

* Phuyong 4n diéu chinh giam dién tich khong tham (a).

- Phuong an TK1: Cai tao mo rong két hop nang nén.
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Nghién ctru tién hanh giam dan phan dién tich khong thim theo thoi gian sao cho dat toi
ti 18 55% sau 50 nam. Quy trinh nay s& dugc thuc hién cho tat ca cac truong hop (TH) cua
phuong an (PA) TKI1, TK2.

bé phu hop voi xu thé phat trién co ciu str dung dit trong twong lai, nghién clu tién
hanh diéu chinh dién tich phan khong thdm 2018 (75%), 2028 (65%), 2038 (55%), 2048
(55%), 2058 (55%).

- Phuong an TK2: Cai tao mo rong két hop cong ngan tridu va bom, nghién ctru tién
hanh diéu chinh dién tich phin khong thdm dén khi thoa man diéu ki¢n khong ngap.

Tom lai & phuong an TK2 (cai tao mo rong két hop cong ngan tridu bom) nghién ctru €O
thé két luan, tic dong do mua 13 chu yéu, triéu 1a khong dang ké. Dé x6a ngap can dién tich
phan khong thim 15% (diéu nay 1a khong thé). Phuong an nay d6i véi TK2 ciing chi co tac
dung giam ngap.

Theo xu thé phat trién bén vimg, co cu sir dung dat 1au dai, viéc chinh trang d6 thi trong
twong lai, tién dén mot d6 thi 1y twong. Sau khi didu chinh dién tich khong thdm phi hop, két
qua cta 2 phuong an da xét la (Hinh 8 va Hinh 9).
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Hinh 8. Dién bién thoi gian ngép cac PA da didu chinh dién tich khong thim.
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Hinh 9. Dién bién s diém ngap cac PA da diéu chinh dién tich khong tham.

Két qua mo phong cho thay:
Phuong an cai tao mat phu d6 thi chi c6 tac dung giam ngép, hién tai thi mua 1a nguyén
nhan gay ngip chu yéu, nhung cang vé sau mirc d6 ngap do tridu cang ting.
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Nhu da n6i & trén, dé x6a ngap mot cach triét dé, phuong an ho diéu tiét phan tan hoat
dong theo thiy triéu 1a phwong an kha thi va mang lai hiéu qua cao nhét trong viéc giai quyét
tinh trang ngap dudi tic dong cua bién ddi khi hau.

* Phuong 4n ho diéu tiét phan tan da higu chinh dién tich khong thim.

Ung v6i timg thoi diém ngdp, nghién ctru thir dan dién tich can thiét ciia hd dén khi
khong con ngap, két qua cu thé nhu sau (hinh 10):
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Hinh 10. Dién tich hd can thiét d¢ xoa ngap cac PA di diéu chinh dién tich khong tham.

Phuong an nay giip nghién ctru x6a ngdp mot cach triét dé véi dién tich h6 khong dang
ké (truong hop bat loi nhét 119,26 ha chiém 7% dién tich luu vuc) so véi tong dién tich luu
vuc. Ung véi ting thoi diém, nghién ctru ¢6 ting dién tich ho thich hop dé x6a ngap.

4. Két luan

Déi vai bai toan thoat nude do thi st dung phuong phap mo hinh toan (PC SWMM) két
hop véi cac dir liéu quan sat—do dac thuc té dé danh gia kha nang thoat nudc cua luu vuce
TH-LG trong diéu kién BPKH véi cac kich ban muc nudc gia ting. M6 hinh quan 1y nude
mua PC SWMM la 1 mé hinh toan hoc toan dién, dung dé mo phong khdi luong va tinh chat
dong chay d6 thi do mua va hé thong cong thoat nudc thai chung. Lot ich lon nhit tir mo
hinh la c6 thé du doan dugc tinh trang ngdp nudc tai mot sO vi tri. Bang cach thay d6i mot
vai yéu td ctia dudng 6 ong, dong chay, c6 thé doan dugc nguyén nhan gay ngap, mirc 6 ngap,
thoi gian ngap, tir d6 dé ra cac giai phap hop 1y. Nghién ctru da tmg dung va danh gia duoc
kha nang thoat nudc cia luu vue TH-LG trong viéc gia tdng myc nudc bién véi cac kich
ban: mua ting theo toc d6 0,8 mm/nam va myc nudc ting lcm/nim, tuy nhién trong thuc té
tbe do nay co thé tang nhanh hodc cham hon, lic d6 hiéu qua cua phuong an co thé ngén
hodc dai hon. Trén co s¢ do, nghién ctru da sir dung bo thong s0 dé tinh toan cho hai phuong
an thiét ke cai tao m¢ rong mang ludi kénh rach + néng nén, cai tao mo rong mang ludi kénh
rach + cng ngin tridu + bom ung voi giai phap chinh trang d6 thi giam dan dién tich khong
thAm va xay dung hd diéu tiét phan tan trong diéu kién gia ting muc nudc bién. Két qua cho
thdy véi giai phap xay dung ho diéu tiét phan tan (7% dién tich Iuu vuc) mang lai hiéu qua
t6t nhat va c6 kha niang x6a ngap cho db thi.

Mo hinh mé&i md phong cho nhing tran mua thiét ké c6 tan suit 3 nim xudt hién 1 lan
la nhitng tran mua chua 16n. Déng thoi muc nude bién tridu & muac 1,43 m tai tram Pht An
& tan suat 10% 1a muc tridu thap. Vi thé dé bo thong s t6t hon va c6 kich ban mang tinh tong
quat hon (dic biét 1a cac trdn mua 16n, cuc 16n két hop tridu cuong cao). Pay ciling chinh 1a
han ché ctia nghién ciru nay.
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Application of urban hydrological model to simulate inundation
and drainage capacity due to increase in tidal water level for Tan
Hoa — Lo Gom canal system in Ho Chi Minh City

Hoang Thi To Nu?, Tu Thieu Quyen?, Vu Thi Van Anh', Nguyen Thi Hong Thao?,
Can Thu Van®”

L HCMC university of Natural resources and Environment; nu.htt@hcmunre.edu.vn;
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2 Department of Agriculture and Rural Development Tra Vinh provence;
quyentugldd@gmail.com

3 Southern Institute of Construction Planning; hongthaosgtl@gmail.com

Abstract: As the economic, trade and tourism center of Vietnam, Ho Chi Minh City
(HCMC) has experienced rapid urbanization, which has led to many consequences on
infrastructure, in which the problem of urban flooding is the most severe. Tan Hoa—-Lo Gom
basin is located on the southwest boundary of the inner city of HCMC. The TH-LG channel
flows from the Northeast to the Southwest through 5 districts: Tan Binh (Bau Cat area),
District 11, 6, 8, Binh Chanh and ends at Tau Hu canal. The total catchment area is 2,498
ha (3.8% of the city’s area). The study applied the PC SWMM model to simulate the effect
of marginal water level increase on the drainage capacity of the basin. The results of the
study show that the reservoir solution is effective even in climate change conditions with
the given scenarios.

Keywords: Urban flooding in Ho Chi Minh City; SWMM model; Tan Hoa—Lo Gom.
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Tém tit: O nhitng ving thuong xuyén chiu tac dong ctia ngap 1, ban d6 thé hién cac yéu
t6 dién va muc d6 ngap lut co y nghia quan trong trong cong tac tng pho giam thiéu thiét
hai, dong thoi 1am co s& quy hoach bé tri dan cu, phat trién kinh té x4 hoi. Nghién ctru da
xay dung phuong phap thanh 1ap ban dd ngap 10 trén co so tich hop cong nghé vién tham,
RTK va GIS ap dung thir nghiém cho ving dong bang Tuy Hoa—tinh Phu Yén. Tu liéu anh
vién tham Sentinel 1 thoi diém thang 11/2021 duoc xir Iy trén méay chit Google Earth Engine
cho phép xac dinh nhanh cac ving ngap li. Két hop véi sd liéu khao sat vét lii cing thoi
diém bang cong nghé do RTK gitip ndi suy moé hinh bé mat nudc 1i dé hiéu chinh két qua
giai doan vung ngép do anh huong cua cac yéu t6 mat dém, do cao dia hinh. Phan mém GIS
xur 1y két hop két qua giai doan vung ngap, md hinh bé mat nudc lii va ban do dia hinh ty 1¢
16n dé xay dung ban d6 dién va do sau ngap li. Ban d6 thé hién chi tiét 7 cap do ngap tir 0—
6 m, trong d6 khu vyc huyén Tay Hoa co tong dién tich ngap lon nhit (12.704 ha), TP. Tuy
Hoa c6 dién tich ngap it nhat (2.708 ha); d6 sau ngap pho bién tir 1-3 m (16.945 ha) phan
b6 chil yéu & viing triing thap cua huyén Tay Hoa va TX. Bong Hoa. Nghién ctru cho thiy
kha ning tich hop anh vién tham, hé thong giam sat muc nude va ban dd dia hinh ty 1& 16n
nham gidm st 1ii Iyt thoi gian thyc dap ing cong tac phong chdng thién tai ngap lut trén ca
nude néi chung va ving ddng bang Tuy Hoa—tinh Pha Yén noi riéng.

Tir khoa: Béng béng Tuy Hoa; Ban dd ngap 1; Vét 1ii; Vién tham; RTK.

1. Pit van dé

L Iyt 1a tham hoa xay ra phd bién nhat trén toan thé gi6i, gy ra thiét hai vé nhan mang
va gian doan xa hoi. Vi thé, da c6 nhiéu nghién ctru vé 1ii Iyt trén thé gidi cling nhu Viét nam
duogc thuc hién, trong do6 ban dd dién ngap, do sau ngdp dugc uu tién xay dung nham hd trg
cho phong chéng, giam thiéu thiét hai. Theo hudng tich hop két qua mé hinh MikeFlood
d6ng hoa vao phan mém ArcGIS, [1] xay dung ban do rui ro 1i Iyt nhdm hd trg chinh quyén
xay dung ké hoach va hanh dong nham giam thiéu tac hai ¢ tinh Ordu ctia Thd Nhi Ky. Ciing
& ving nghién ctru ndy, theo hudng tiép can sir dung anh vién tham quang hoc, SAR, aB. [2]
st dung anh Sentinel de phat hién cac khu vuc bi ngap lut bang 03 thuét toan phan loai co
kiém dinh trén phan mém SNAP. Cac két qua cho thiy két qua ctia cac phuong phap phan
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loai tao ra nhitng ban dd khac nhau, viéc phén loai sai dan dén viéc phat hién qua murc cac
khu vyc bi ngép lut. nghién ctru cling khuyen nghi can thiét phai c6 s6 liéu diéu tra vé 1i lut
dé cai thién do chinh xac cua két qua. Dé danh gia hiéu qua cua anh Sentine—1,2 [3] phan
tich dir liéu trong 10 nam tai 2000 dia diém & Chau Au di dén két luan vé tinh Sentinel-1, —
2 c¢6 thé quan sat trung binh 58% céc tran lii lut xay ra.

O Viét Nam, cac nha nghién ctru ciing di ing dung mé hinh mé phong dé xay dung ban
d6 ngap lut, Nguyén Kim Nhung va cong su [4] dung mé hinh két ndi 1D-2D x4y dung ban
dd ngap lut ha luu song Ba theo cap bao dong, duge Cuc Phong chéng thién tai st dung g
pho trong mua 1t ndm 2014. Trén co s¢ mo phong 1ii 2007, 2009 [5] da tién hanh chong chép
v6i ban d6 hién trang st dung dat dé xuat giai phap tao khong gian thoat 1i phu hop voi diéu
kién kinh té—x4 hoi ctia thanh phd Da Néng. Két hop dit liéu mua IFS, [6] thiét 1ap mo hinh
MIKE SHE — MIKE11 — MIKE 11 GIS nham xay dung ban dd mirc do d6 sau ngap lut ¢ ha
lru song Tra Khiic-Song Vé dé hd tro cac nha quan 1y hoach dinh ké hoach giam thiéu thién
tai trong tuwong lai. Bang phuong phap tong hop dia 1y cac nhan tb tac dong va nhan t6 mat
dém qua phan mém GIS [7] xdy dung tap ban dd hd tro canh bao lii quét cho ving Nam
Trung B9.

Co thé thay, phuong phap mé hinh dé xdy dung cac ban dd ngap 1 trén co so tan suit
xay ra trong quéa khtr duoc img dung nhiéu trong cac nghién ctru vé 1 lut, tuy nhién, doi hoi
s6 liéu KTTV du day dé xac dinh quan h¢ mua dong chay, s6 liéu dia hinh 10ng song va viing
ngap. Phan cing va phin mém phuc vu mé phong hién nay thuong cho thoi gian 3— 6h, gay
chém tré trong cong tac phong chdng thién tai. Ngoai ra, cac diéu kién mit dém, khi hau thoi
tiét thuong xuyén thay doi nén kho cap nhat vao moé hinh mé phong Phat trién mo hinh st
dung cac thudt toan khac nhau 1a mét qua trinh lién tuc nham cai thién d9 chinh xac cua dy
bao 1u [8] Hudng nghién ctru tiép can anh vién tham két hop véi s6 liu RTK co thé giup
cung cap ban d6 ngap lut co do tin cdy, dong thoi cho két qua nhanh chong nhd vao kha ning
tinh todn cua dién toan ddm may.

Trén dia ban tinh Phu Yén, trong nhiing nam gan day hién tuong 1t 16n, 1a quét da xay
ra voi qui mé va cuong do rat 16n & cac luu vuc song mién Trung, dédc biét la luu vuc song
Ba noi c6 dia hinh chia ct manh, long song ngan va doc. C6 thé ké dén 1a cac tran 1il lich st
nam 1993, 2009, 2013 va gan day la trén 1o tr 26-30/11/2021. L lut xay ra gdy thiét hai va
tan pha nghiém trong ca v€ nguoi va cua d6ng thoi dé lai hau qua hét strc ning né. Hang ngan
ho dan mat nha cira hodc phai di doi khéi cac vung sat 16, ngap 1. Trén dia ban luu vuc song
Ba noi riéng, ngap lu di trd thanh mot tai hoa tu nhién thuong xuyén de doa cudc sdng ctia
nguoi dan trong vung [9].

Su bién dong lién tuc cla cac yeu t ty nhién do tac dong cua bién ddi khi hau va con
nguoi da lam thay (101 sdu sic toi che do thuy van cua cac luu vyc song. Diéu do dan dén viéc
nghién ctru 1d tai mdi thoi diém can thiét dugc cip nhat, bd sung cac thong tin ve tinh chat
cac tran 1i. Két qua thanh lap ban db ngp 1 gilp giai quyét mot sé van dé thue té doi hoi
nhu: khoanh vi cac khu vuc bi anh huong, khai tinh thiét hai do 1d lut va cung cap théng tin
b tro cho md hinh thay vin—thay luc mé phong dong chay 1. Cong nghé vé tinh, ky thuat
bay chup, tinh toan dam may da c6 sy phat trién vuot bac trong nhitng nim gan day, gop
phan cai tién cac phuong phap, cung cap tu lidu da thoi gian phuc vu thanh 1ap ban d6 ngap
1t. Dgc bi¢t la cong ngh¢ vien tham [10-14], cong nghé RTK dugc ing dung rong rai, két
hop voi GIS ca vé phan cimg va phan mém.

Tran 14 tir ngay 26-30/11/2021 ¢ tinh Phu Yén dugc ghi nhan la tran 1d 16n sau cac tran
1 lich str. Luwong mua l6n nhét 671,8 mm khién muc nuéc trén bao dong 312 0,9 m. Théng
ké thiét hai c6 4 ngudi chét, 6 nguoi mét tich. Ngap 1ii da 1am 17.800 nha bi ngap nude dudi
1 m, 45 nha trén 1 m va 4 nha bi hu hong hoan toan. Ve nong nghiép gay thiét hai cho 1. 800
ha (dat trong lGa + dat trong mau va cy trong khac); vé chan nudi c6 13.400 gia stc, gia cam
bi chét, cudn troi; ngoai ra con 1am v ho, cudn troi 1,5 ha thiy san. Vé thay loi, gdy hu hong
cho 18.600 m kénh muong, bi sat 10, bdi 1ap dat ¢a 5.600 m® [15].
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Dé dap tng muc tiéu ing pho voi thién tai ngap lut, giam thiéu tac hai dong thoi cung
cép co s& khoa hoc nham b tri dan cu, phat trién kinh té xa hoi can c6 duge ban dd ngap lut
viing dong bang Tuy Hoa véi thong tin vé dién va mirc d6 ngap lut nhanh chong, chinh xac.
Vi vy, trong nghién ctru nay, ching t61 xay dung phuong phap tmg dung cac cong nghé (RS,
RTK, GIS) dé xay dung ban d6 ngap 18, 4p dung thuc té cho tran 1i nam 2021 tai dong bang
Tuy Hoa tinh Phu Yén thudc ha luu luu vuc séng Ba véi cac thong tin chi tiét vé phan bd
khong gian va do sau ngap li dén cp huyén.

2. Phwong phap nghién ciru

2.1. Khu vuc nghién ciru

Luu vuc song Ba la luu vuc song 16n di qua nhiéu tinh, anh hudng cua 1i lut tac dong
manh mé t6i dong bang Tuy Hoa tinh Phu Yén bao gom cac huyén, thi phia dudi dap Dong
Cam 1a noi tap trung cic khu dan cu, hanh chinh va kinh té 16n bao gém Thanh phd Tuy
Hoa, thi xa Dong Hoa, huyén Pha Hoa va huyén Tay Hoa (Hinh 1). Pong bang Tuy Hoa hinh
thanh trén tring kién tao Tuy Hoa dugc lap day boi vat liéu tram tich Dé tir co nguon goc
song, bién va hon hop song—blen [16]. Dia hinh chu yéu 1a cac bac thém, cac dai con cat ¢o
ven bién va triing sau con, kéo dai theo huong TB-DN. Hinh thai long song Ba phan ha luu
mo rong, do dbc dong chay thap, long s6ng noéng va co6 hinh thai bén thing nén ha luu song
Ba dé bi lii ngap rong va xudng lau do bi don 1ii va kha niang thoat 1ii qua cira han ché. Co
ché mua gay 1i ha luu séng Ba chu yéu 1 trén phan thuong luu vuc. Lugng mua trung binh
hang ndm trén luu vyc la 1.773 mm/nam, phan hoa rd rét theo mua, mua mua chiém t&i
86,3% lwong mua nim. Mua 1 phan ha luu s6ng Ba chdm hon mua mwa khoang 1 thang, va
thuong xay ra vao thang IX-XII, chu yéu la vao thang X—XI.

Nhitng yeu t6 nhan tac khac ciing ngay cang chi phéi 16n hon dén ché do li dong bang
Tuy Hoa, gdm: xay dung va van hanh cac hd chira, xay dung méi va ton tao cac tuyén duong
giao thong, xay dung d6 thi va thay doi kiéu tham phil trén luu vuc cang lam cho ché d6 1i
dong bang Tuy Hoa tré nén kho du doan va mo phong hon. Co duogc ban d6 ngap lii 1a mot
tién dé gilp xay dung cac kich ban mé phong dién toan 1il, tir d6 cung cip co so khoa hoc
gop phan xay dung ké hoach phong tranh va giam thiéu thiét hai do 1 Iut. phét trién bén viing
kinh t&-xa hoi.
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Hinh 1. So d6 khu vyc nghién ctru thanh 1ap ban d6 ngap 1d ha luu séng Ba.



Tap chi Khi twong Thuy van 2022, 740, 36-45; d0i:10.36335/VNJHM.2022(740).36-45 39
2.2. Phwong phdp vién tham va dién todn dam mady

Ngay nay, voi sy phat trién vuot bac cua cong nghé v¢ tinh da cung cap tu liéu hinh anh
chinh xac vé cac ddi tuong trén bé mat trai ¢it mot cach nhanh chong. Day la nguon s ligu
quy bau cho nhiéu nganh, linh vyuc khoa hoc, trong do co 1i lut boi kha nang cung cap thong
tin ddng bo, trén dién rong trong diéu kién kho tiép can. Thyc té, dd co nhiéu nghién ciru vé
It lut ¢ trong va ngoai nudc st dung cac tu li€u Vlen tham radar nhu: ENVISAT,
RADARSAT-1, AlosPALSAR va déc biét trong thoi gian gan déy 1a Sentinel-1 [10-12].

Ttrnam 2008 tr¢ lai day, sau khi tu liéu vién tham LandSat, Sentinel dugc cung cap mién
phi, Google da luu trit tat ca cac tap dir liéu va lién két ching trong Google Earth Engine
(GEE). GEE 1a mét nén tang dién toan dam may [17] duoc thiét ké dé luu trix, xir Iy va phan
tich cac tap dit liéu khong 16 (quy mo petabyte) nhu dit liéu vién tham va cac ngudn dir lidu
dia ly khac. GEE c6 giao dién than thién, dé dang truy cap dé phat trién di liéu va thuat toan
tuong tac. Do GEE lam viéc trén nguyén 1y dién toan dam may nén khong phu thudc nhiéu
vao tai nguyén thiét bj ngudi ding, ma thuc hién viée xur 1y dit liéu thong qua giao thic 1ap
trinh JavaScript (API) cho may chu.

Gan day, tir ngay 26-30/11/2021 trén luu vuc song Ba ¢ lugng mua 16n, dong thoi cac
ho thily dién trén thuong ngudn xa lii tao ra tran 1ii 16n, thoi gian ngap kéo dai 2-3 ngay tai
dong bang Tuy Hoa. Trong thoi diém d6 ¢6 anh Sentinel 1A dugc thu nhan ngay 29/11/2021.
Str dung GEE chiing t6i d4 x4y dung so d6 dién ngap lii bude dau (Hinh 3), dé xay dung tuyén
khao sat, xac dinh thong tin vi tri, cao do diém ngap lut.

2.3. Phuong phap khao sat thuc dia rng dung cong nghé RTK

Nhu d3 noi & trén, tu liéu anh vién tham budc dau cho phép so bd xac dinh duge dién
ngép lu. Mirc d6 ngép lu, hay phan bb do cao muc nude lii cho timg 6 thira duoc xac dinh
qua cong tac diéu tra, khao sat vét Iii bang cong ngh¢ RTK (Hinh 2). Cong vi€c nay can thiét
bi dan duong c6 cai dat ban d6 dan dudng (so d6 ngap lii xay dung tir trudc nham xéac dinh
cac tuyén, diém khao sat dy kién).

RTK viét tit ctia Real Time Kinematics—dinh vi dong hoc thoi gian thuc 1a mot ki thuat
GNSS vi sai cung cép khé nang dinh vi chinh x4c cao trong vung lan cén ctia mot tram géc
(tram Base). Ky thuat nay dwa trén vi¢c str dung cac phép do song mang va truyén cac tin
hi¢u hiu chinh tir tram goc, co vi tri da dugc biét 13, dén bo dinh tuyen (Rover), dé céc sai
s6 do viéc dinh vi bang mot thiét bj doc 1ap duoc giam thiéu. Mot tram gdc RTK ¢6 bén klnh
hoat dong khoang 10 km hodc 20 km va can duy tri kénh lién lac thoi gian thuc dé két ndi
dinh tuyen voi tram di dong. RTK dat d6 chinh xac dinh vi mét bang va do cao trong pham
Vi sai s6 vai cm, nén trong khao sat tric dia thuong sir dung ky thuat nay [18].

Hinh 2. Diéu tra, khao sat, do dac vét li ung dung cong nghé RTK.
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2.4. Phirong phdp ban do va hé théng tin dia 1y (GIS)

Nghién ctru st dung cac ban d6 dia hinh ¢ cac ty 1& 1:2.000, 1:5.000 va 1:10.000 dé xay
dung mo hinh s6 do cao (DEM). Tur cac diém do dac khao séat vét 1ii sau khi xu 1y, kiém tra
va hiéu chinh, st dung phép noi suy Natural Neighbour tao mé hinh bé mit nudc li. Ung
dung GIS [19] thuc hién phép toan dai sé gitta 2 mé hinh DEM va mé hinh bé mat nudc 1d
tao ra két qua 13 thong tin dién va d6 sdu ngap. So do quy trinh cong nghé thanh 1ap ban do
ngap li dugc thé hién trén hinh 3.

Ban db dia hinh 1:2000,
1:5000, 1:10 000

Anh vién tham Sentinel

GPS

(RTK)

Chon diém khao sat vét
1a: Vi tri, cao trinh,...

GEE -|giai dodn anh

Vung ngap 1

M& hinh sé dé cao (DEM) M5 hinh bé mat nude li

BAN PO NGAP LU

Hinh 3. So d6 cong nghé thanh 1ap ban db ngap li.

3. Két qua va thio luin

Ap dung so o cong nghé (Hinh 3) gidi doan anh vién tham Sentinel 1A ngay 29/11/2021
(Hinh 4). Doi sanh két qua giai doan va s lidu khao sat thuce té viing ngap lii cho thiy mot
sO ton tai trong giai doan anh: tai cac khu vuc c6 thuc vat ndi trén mat nudce hay cao hon muc
nude 1 duge xac dinh 1a khu vie khong bi ngép 1u, do anh radar chi nhan duogc thong tin
phan xa tir bé mat tai vi tri tiép xtc dau tién cia tia toi; trong tu cac cong trinh xay dung &
khu dan cu—khi méi nha cao hon mit nudc—thi két qua thu duoc tir giai doan anh 13 khu vuc
khong bi ngap. De khic phuc dleu nay, nham nang cao do tin ccdy trong xdy dung ban d6 dién
ngap lii tir anh vién tham radar can c6 thém cac bude xtr 1y két hop voi 16p phu bé mit va dia
hinh [20].

SonXuan =R Vang ngdp 1a

]
le
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# Hoa Quang {

PHU HOA

,HOA DInh Tay |

Sén lh(mh‘ ;
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” HéaQuang B&E -
¢

=~ Hoa My Dong

Hoa DIRhBDANG

% HoaThinh- ~¥

Ranh gi61 huyé
Puong sat
Puong bb
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Hinh 4. So db viing ngdp 1 giai doan tir anh vién tham Sentinel 1 ngay 29/11/2021.
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Qué trinh diéu tra khao sat vét 1ii duoc thyc hién tai 109 diém bang cong nghé RTK trong
viing ngap lii cia dong bang Tuy Hoa da duge xac dinh tir anh Sentinel 1A (Hinh 5). Gi tri
toa do va do cao muec 1ii tai cac diém khao sat déu thudc hé quy chiéu VN2000, dugc sir dung
dé xay dung mo hinh bé mat nudc lii bang cic cong cu GIS.
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Hinh 6. M6 hinh bé mit nude 1i 16n nhat tir két qua khao sat vét 1ii bang RTK.

MBS hinh bé mit nuée it (Hinh 6), trong dé nhitng khu vie ¢6 mat do cac diém khao sat
vét 1ii cang cao thi mo hinh bé mat nudce lii s& cang phan anh sat thiue bé mat nude 1 hon.
Thue té, tai mot s6 khu vuc rat kho do dac vét 1 do d6 1a khu vuc khong c6 dan cu, chi yéu
1a cac dam nudi thuy san nhu tai xa Hoa Xuan Pong—Pong Hoa. Tai cac khu vuc co do cao
mat nudce 1 khéc biét do dong chay lii tir song Ba, song Ban Thach bi chan lai boi duong sat
va qubc 10 ciing thé hién rat rd trén mo hinh bé mat nudc 1.
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Hinh 7. Két qua xac dinh dién ngap va do sau ngap trén ban d6 1:10.000.

Phan tich s liéu khao sat vét 1t va mo hinh bé mat nudc 1ii cho thdy: Do cao bé mat
nudc lii tir thuong luu ra ctra séng giam dan, tir mau do—xanh la—xanh nudc bién tng véi do
cao tir 18-3 m; d6 cao myc nude giam dan tir bo song ra hai bén, diéu d6 minh ching r6 rang
1it & khu vye dong bang phan 16n do nudce tir thuong ngudn séng Ba d6 vé; dong thoi, do tac
dong cua dia hinh va dia vat khién cho bé mat nudc 1 c6 su 16i 16m. Thuc hién phép toan
dai s giira 2 16p ban d6 mo hinh sé d6 cao DEM va mo hinh bé mit nude i trong GIS thu
duoc két qua 1a mo hinh ngap 1ii dé thanh 1ap ban d6 ngép 1d chira dung thong tin pham vi va
do sau ngap 1 (Hinh 7).

Bing 1. Thong ké dién tich ngép 1ii theo cip do ngap sau theo don vi hanh chinh (Pon vi tinh: ha).

2 %
. Ngap  Ngip Ngap Ngdp Ngip Ngdp Ngip Tongdién ..
STT bon vi 0-Im 1-2m 2-3m 3-4m 4-5m  5-6m >6m  tich ngap (till;?
1 TP.TuyHoa 62327 44255 926,06 541,79 121,35 49,05 396  2708,03 25,35
2 TX.DPongHoa 1119,02 2244,28 2686,86 211565 598,84 130,45 42,80  8937,90 33,32
3 H.PhGHoa  2417,46 1672,14 162487 37424 150,04 157,00 27589 667164 2534
4 H.TayHoa 257101 372165 3626,66 1550,20 576,53 342,47 31589 12704,41 20,85

Trén ban dd d6 sau ngap 1i cho thiy cac ving dét thp, thoat nudc kém, tham chi ving
béan son dia ton tai nhiéu 6 triing nhuw Hoa Pht, Hoa Pong, Hoa Tan Tay-Tay Hoa ngép sau
dén 46 m (Hinh 7, Bang 1). Ra phia ngoai ctra séng tuy dia hinh thap chi 0,5-1 m nhung
tiéu thoat tot nén ciing ngap khong sau chi tir 1-2 m. Dién tich ngap sau xuat hién cha yéu &
TX. BDong Hoa va huyén Tay Hoa tap trung & cac bai ven song Ba va song Ban Thach. Huyén
Tay Hoa c6 dién tich ngp 16n nhat nhung chi chiém 20,85% dién tich toan huyén, Tp. Tuy
Hoa c¢6 dién tich ngép it nhat, chiém 25,35% dién tich toan thanh phé.

4. Két luan

Dong bang Tuy Hoa 1a trung tim hanh chinh, noi tap trung dong dan cu, phat trién Kinh
té ctia tinh Pha Yén thudng xuyén bi thiét hai do ngdp lu cua song Ba can thlet phai thanh
1ap ban db ngap 1 phuc vu cho quan 1y, xay dung ké hoach, quy hoach phat trién.
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Anh vién tham Sentinel—-1 1 ngudn dit liéu mién phi, duoc luu trit 6n dinh va d& dang
truy cip nén rat co gia tri @& nhanh chong xay dung ban do dién va d6 sau ngap 1ii nho cong
cu GEE. Bai b&o da xay dung phuong phap xay dung ban dd ngdp li va ap dung thir nghiém
cho mét tran 1t 16n (29/11/2021). Nham khic phuc nhimng han ché do anh hudng cta 16p phu
bé mit dén két qua giai doan anh vién tham nén khdng phat hién duoc chinh xéac dién ngép
va nhét 1a do sau ngap li. Nhom tac gia sir dung cong ngh¢ RTK dé do dac cac vét 1 theo
cac tuyén diém vach ra tir so d6 dan duong 1a dan xuat ctia ban do ngép 10 ngay 29/11/2021
két hop véi ban d6 dia hinh. Két qua do dac khao sat vét 1ii dugc dung dé xay dung duoc mod
hinh bé mat ngap li.

Phan tich khong gian trén co s¢ chong chap mo hinh s6 dia hinh (DEM) va m6 hinh bé
mat ngp 10 (DSF) dé thanh l4p ban dd ngap 1i. Noi dung ban d6 thé hién dugc ddy du dién
va do sau ngap li phan bd trén khong gian dia 1y cua déng bang Tuy Hoa. Phuong phap két
hop ca 3 cong ngh¢ (RS, RTK, GIS) giup thanh 1ap ban d6 ngap i nhanh chong c6 tinh thyc
tidn cao 1a tai liéu co gid tri nghién ctru ngap 1ii dong thoi c¢6 thé ing dung phat trién cong
ngh¢ canh bao thoi gian thuc.

bé dap mg cong tac canh bao 10 lut chinh x&c va thuan tién theo phuong phap bai bao
xdy dung can bo sung thém diém do muc nudc tu dong hodc camera thu thap hinh anh dé
cung cap tri s6 cao do mat nudc thoi gian thuc dé xac dinh bé mat ngap 1ii.

Pong gop cua tac gia: Xay dung y tudng nghién ciu: LD.H., H.T.S,, T.P.T., VH.D.; Lua
chon phuong phap nghién cou: L.D.H., T.P.T., HT.S.,, B AT.; Xt ly sb liéu: LBb.H., T.P.T,,
H.T.S., V.HD., BAAT., T.V.N,, N.-T.H.Y; Viét ban thao bai bao: L.D.H., H.T.S., TP.T.;
Chinh stra bai bao: L.b.H., VH.D., T.P.T., BA.T.

Loi cam on: Nghién ctiru duoc thyuc hién boi su ho tro vé sb liéu cua deé tai nghién ctru khoa
hoc: “Xay dung co so dit lidu va cong cu hd tro cong tac phong chdng ngép lut trén dia ban
tinh Phu Yén”.

Loi cam doan: Tap thé tic gia cam doan bai bao nay la cong trinh nghién ciru clia tap thé
tac gia, chua duoc cong bd & dau, khong dugc sao chép tir nhitng nghién ctru trude day;
khong c6 sy tranh chép lgi ich trong nhom tac gia.
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Applycation remote sensing, RTK, GIS technology for flood
mapping of Tuy Hoa delta — Phu Yen province
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Abstract: In areas that are frequently affected by floods, the map showing the area and
extent of inundation plays an important role in the response and mitigation of damage, and
serves as a basis for planning on population distribution. settlement, economic and social
development. The study has developed a method to create flood maps based on the
integration of remote sensing, RTK and GIS technologies and applied it to the Tuy Hoa
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delta—Phu Yen province. Sentinell remote sensing image data from November 2021 is
processed on the Google Earth Engine server, allowing quick identification of flooded areas.
Combined with flood track survey data at the same time by RTK measurement technology,
it helps to interpolate the flood surface model to correct the floodplain interpretation results
due to the influence of buffer surface factors and terrain elevation. GIS software combines
the results of flood interpretation, flood surface model and large—scale topographic map to
build a map of flood area and depth. The map shows in detail 7 flood levels from 0—6 m, in
which Tay Hoa district has the largest total flooded area (12.704 ha), Tuy Hoa city has the
least flooded area (2.708 ha); Common flooding depth is 1-3 m (16.945 ha) distributed
mainly in low-lying areas of Tay Hoa district and Dong Hoa town. The study shows the
ability to integrate remote sensing images, water level monitoring systems and large—scale
topographic maps for real-time flood monitoring to meet flood disaster prevention
throughout the country in general and Tuy Hoa plain — Phu Yen province in particular.

Keywords: Tuy Hoa delta; Flood map; Flood marks; Remote Sensing; RTK.
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Tém tiat: Polycyclic Aromantic Hydrocarbons (PAHs) 1a hop chat c6 kha ning gay ung thu
xudt hién trong khong khi, bui, trim tich, va nudce tur cac hoat dong ctia con nguoi nhu dét
nhién liéu hoa thach, giao thong. Nghién ctru tién hanh dénh gia nong d6 PAHs trong nudc
song Nhué doan chay qua noi thanh Ha Noi bang cac phuong phap khao sat, ldy mau va
phan tich mau, va so sanh. Két qua nghién ctru cho thay 4 hop chat pho bién trong 16 hop
chat PAHs trong nuédc song Nhué 1a Anthracen (22%), Fluoren (20%), Phenanthren (20%),
Pyren (9%). Tong ham luong cac hop chat PAHs nam trong khoang tir 61,12 ng/L dén
227,30 ng/l. Nghién ctru ciing cho thdy hai diém c6 tong nong 6 PAHs cao 1a cau Sa Doi
(227,3 ng/1) va cau Pen (201,33 ng/l).

Tiwr khoa: Polycyclic Aromantic Hydrocarbons; PAHS; Song Nhu¢; Ha Noi.

1. Mé dau

Polycyclic Aromantic Hydrocarbons (PAHs) la nhimg hydrocacbon thom da vong.
PAHSs phat sinh tir CAc hoat dong chay rung, nui lira phun trao, d6t chay nhién liéu hoa thach
nhu than da, ddu mo. PAHs 1a hop chit c6 kha ning gay ung thu [1-5] va gdy dot bién gen
[6-7]. Chung ciing c6 kha ning tich Iy sinh hoc [8-9] tir d6 di vao co thé con ngudi qua
duong tiéu héa. PAHs dugc phat hién trong sita me [10] va anh hudng t6i su phat trién cta
tré em [11-12]. Cac nghién ctru chi ra ring PAHs duoc phét hién trong tat ca cac thanh phan
moi truong nhu dat [13-14], nude [15-18], tram tich [15, 19], khdng khi [20-24] va sinh vat
[19, 25, 26]. Pic biét PAHs xuat hién phd bién trong bui khong khi nhu bui PMio [23], PM2s
[11, 20, 24].

Tai Viét Nam, cac nghién ctru da thuc hi¢n dé danh gia PAHs trong moi truong tram tich
ven bién va rimg ngap man [27-29] bui khong khi, bui duong phd [30-32]. PAHs ciing dugc
tim thay trong sinh vat nhu ca [33], dong vat hai manh [34], trong thuc pham nhu ca phé
[35]. Tuy nhién céac nghién ctru vé PAHs trong méi truong nudc con han ché, dac biét trong
nuoc séng ndi do cac thanh pho 16n tai Viét Nam. Nghién ctru nay di tién hanh khao sat, 1ay
mau phan tich va danh gia néng d6 PAHs trong nudc song Nhu¢ vai cac muc tiéu sau: (1)
Panh gid duoc nong do cua cic hop chit PAHs trong nudc song Nhué doan chay qua cic
quan ndi thanh thanh pho Ha Noi; (2) Xéc dinh sy phan bd PAHs trong nudc song va cac
hop chat PAHSs pho bién co trong nudc song Nhué.

Tap chi Khi tuwong Thuiy van 2022, 740, 46-56; doi:10.36335/VNJHM.2022(740).46-56 http://tapchikttv.vn/
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2. Phuwong phap nghién ctru

2.1. Doi twong va pham vi nghién ciru

Dbi tuong nghién ciru 1a 16 hop chat Hydrocacbon thom da vong Polycyclic Aromatic
Hydrocarbons (PAHs) bao gdm: Naphtalen (NPH), Acenaphthylen (ACY), Acenaphthen
(ACP), Fluoren (FLR), Phenanthren (PHE), Anthracen (ANT), Fluoranthen (FA), Pyren
(PYR), Benzo (a)anthracen (BaA), Chrysen (CHR), Benzo(b)fluoranthen (BbF),
Benzo(k)fluoranthen (BkF), Benzo(a)pyren (BaP), Dibenzo(a,h)anthracen (DbahA),
Benzo(g,h,i)perylen (BghiP), Indeno(1,2,3c,d)pyren (IP).

Pham vi khu vyc nghién ctru 1a song Nhu¢ doan chay qua cac quan ndi thanh Ha Noi. Vi
tri c4c tram quan tric duoc trinh bay tai Bang 1 va Hinh 1.

Bang 1. Thong tin vi tri cac diém quan tréc.

7 hié X Toa dd
syt Kyhiéu Vi tri 14y miu

mau Vi dp Kinh d¢
1 SN1 Cépg Li(t?n Mac — Béc Tu Liém 21°5° 21.98”N 105° 46’ 14.16”E
2 SN2 Cau phé Vién - Bac Tu Liém 21° 4’ 18”N 105° 46’ 17’E
3 SN4 Qﬁu Noi — Bﬁ,c Tur Liém 21° 3’ 43.10”N 105° 46’ 14.07’E
4 SN6 Cau Dién — Bac Tu Liém 21°2° 30”N 105° 45’ 41"E
5 SN5 Dai IQ Thang Long — Nam Tur Liém 21° 0’ 20”N 105° 45° 45”E
6 SN7 Cau Sa Boi — Nam Tu Liém 20° 59°50.65”N 105° 45° 45.97"E
7 SN3 Cau Sc‘)r]g Nhué - Nam Tur Liém 20° 59’ 19.11”N 105° 46° 44.11"E
8 SN8 Céu Den — Ha Dong 20° 58’ 16.22”N 105° 46° 49.14”E
9 SN9 . Kién Hung — Ha Pong 20° 57 34.94”N 105° 47° 23.03"E
10 SN10 Cau Mau Luong 1 — Ha Pong 20° 57° 32.49”N 105° 47’ 42.87"E

i Biic Ninh
N +Han Phyong ) ’ - N v
Ph-jf‘.; é H3 \ \
Ho Dic - b /‘ ' k %% \
= Ha Noi i 1ai B3 Tnmg j
e oni | | ‘A B
N st S ) Hung Yén
Ch gidi \ AN P ‘
@ Vitiquan tric ' ‘ i T
) - D=, “’“@*Q ) e "/'nn{éng |

Hinh 1. So dd vi tri cac diém quan trac PAHSs tai séng Nhué doan chay qua cac quan noi thanh Ha Noi.

2.2. Phuong ldy mdu va phén tich mau

Mau nuée 13y theo quy trinh tai TCVN 5994:1995 va TCVN 6663-1:2011, duoc bao
quén theo tiéu chuan TCVN 6663-3:2003. Thoi gian ldy mau vao thang 4/2022, v6i 10 mau
don tai 10 diém duoc ky hiéu tir SN1-SN10 (Bang 1). Cac miu nude song Nhué sau khi duoc
liy, dong kin, dua cac miu vao ti bao quan lanh tir 2°C-5°C va van chuyén vé phong thi
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nghiém dé phan tich bang may sic ky khi ghép khéi pho (GCMS — Gas Chromatography
Mass Spectrometry).

2.3. Phuong phdp xur Iy 56 liéu

Céc sb liéu quan trac duoc xtr Iy bang phén mém thong ké R dé loai bo sai sb hé thong.
Do Viét Nam chua c6 tiéu chuan hay quy chuan quy dinh ham lugng cac hop chit PAHs
trong nudc mat, cac gia tri quan trac dugc so sanh voi cac tiéu chuan cia To chirc Y té Thé
giéi (WHO) Cong ddong Kinh té Chau Au (EEC) va Co quan Bao vé Mai truong My (US
EPA).

3. Két qua nghién ciru

3.1. Nong do cdc hop chdt PAHs

Két qua phén tich ndng do cac hop chat PAHs tai cac mau nudc song Nhué cho thiy nong do
trung binh ctia Naphthalene (NPH): 7,38 ng/l; Acenaphthylene (Acy): 1,42 ng/l ;
Acenaphthene (ACP): 1,9 ng/l; Fluorene (FLR): 24,35 ng/l; Phenanthrene (PHE): 24,05 ng/l;
Anthracene (ANT): 26,49 ng/l; Fluoranthene (FA): 8 ng/l; Pyrene (PYR): 11,04 ng/l; Benzo
(a) anthracene (BaA): 3,23 ng/l; Chrysene (CHR): 5,68 ng/l; Benzo(b)fluoranthene (BbF):
1,42 ng/l; Benzo[k]fluoranthene (BKF): 2,22 ng/l; Benzo[a]pyrene (BaP): 1,5 ng/l; Indeno
[1,2,3-cd]pyrene (IP): 0,91 ng/l; Dibenzo[a,h]anthracene (DbaHA): 2,06 ng/l; Benzo
[ghi]perylene (BghiP): 1,1 ng/l.

Bing 2. Nong d6 cac hop chat PAHs trong nude miat song Nhué doan chay qua cac quan ndi thanh

Ha Noi (ng/1).
T.A h z
STT PAHSs SNL SN2 SN3 SN4 SN5 SN6  SN7 SN& SN9 SN0 E‘Efgz]““
1 Naphthalene <03 <03 2240 1318 <03 1045 <03 <03 <03 27,78 -
2 Acenaphthylene <03 <03 171 <03 626 <03 235 159 148 081
3 Acenaphthene <03 101 <03 099 210 135 929 027 138 262
4 Fluorene 413 657 545 5988 557 110,34 10,71 31,72 298 6,19
5 Phenanthrene 18,14 31,28 9,65 2558 2332 3733 2597 3065 1584 22770
6 Anthracene 20,10 <04 1128 30,92 29,16 4529 3127 52,70 1947 2471
7 Fluoranthene 729 836 605 690 <02 831 834 2991 <02 482
8 Pyrene 10,11 665 497 532 1594 781 656 2401 2358 548 -
9 Benz[a]anthracene 294 064 120 <04 345 011 <04 678 728 991 100** (USEPA)
10 Chrysene 205 373 393 211 781 392 335 670 11,79 1145 -
% %k
11 Benzo[b]fluoranthene  <0,4 0,81 081 075 2,49 087 194 1,81 198 283 1200(&ESFECP)A)ZOO
* Kk
12 Benzo[Klfluoranthene <03 094 Ot 0% gg 074056, ., 740 199 1200 (L(JESEE?A)ZOO
<04 <04 <04 <04 740 3,73  1200* (EEC), 200**
13 Benzo[a]pyrene <04 <04 1,99 1,87 (USEPA), 700**
(WHO)
* Kk
14 Indeno[l23<cdpyrene <04 <04 <04 <04 117 <04 <04 278 510 <04 1200(l(JESEE|(3&)400
15  Dibenzo[ah]anthracene 1,77 1,14 086 058 257 077 171 439 634 040 300** (USEPA)
16 Benzo[ghi]perylene <05 <05 <05 <05 448 <05 <05 198 353 100 1200* (EEC)

Ghi chu: * méi truong nudc xung quanh; ** nudc uong.

16 hop chat PAHs déu duoc phat hién co trong cac mau nudc song. Trong d6 ¢ 4 hop
chat PAHs phd bién duogc tim thiy véi tong ndng do cao tai khu vire séng Nhué 1a Anthracen
(ANT) la 264,88ng/l chiém 22%, Fluorene (FLR) 1a 243,55ng/l chiém 20%, Phenanthren
(PHE) 13 240,46 ng/l chiém 20% va Pyren (PYR) 1a 110,43ng/I chiém 9%. Hai hgp PAHs ¢
noéng do thap la chat Indeno (1,2,3c,d)pyren (IP) 1a 9,05 ng/l chiém 1%, chit Benzo
(g,h,i)perylen (BghiP) 1 10,99 ng/l chiém 1%.



Tap chi Khi twong Thuiy van 2022, 740, 46-56; doi:10.36335/VNJHM.2022(740).46-56 49

300 -

250 A

200 A

150 A

Nbng d6 ng/l

100 A

50 A

0 4

PR AT IS T FT T IS S TS
SEF IS TP F @ TN

Hop chit PAHs

Hinh 2. Téng ndng do tirng chat trong mau nudc sdng.
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Hinh 3. Phan tram tdng ndng do ting hop chat PAHS.

a) Naphthalene

Naphthalene chiém 6% lugng PAHs quan tréc, xuét hién & cac mau SN4, SN6, SN3,
SN10. Cac vi tri khac nong do dudi ngudng phat hién (< 0,3 ng/l). Trong d6 nhiéu nhét 1a &
SN10 v6i ndng do 27,78 ng/l. Nong do NPH cua khu vyc song Nhug giao dong < 0,3 ng/l -
27,78 ng/l. Nong do6 NPH ¢ song Nhué cao hon song Brisbane (Uc) 19-26 ngl/l [39], song
San Joaquin (California, My) c6 ndéng d6 NPH 0,5-1,2 ng/l [40] va thap hon rat nhiéu so
nude ¢ vinh Tacoma (My) nong d6 NPH 44-589 ng/l [41].

b) Ancenaphthylene

Ancenaphthylene xuat hién & cac mau SN5, SN7, SN3, SN8, SN10, SN9 véi nong do
thdp. Trong d6 nhiéu nhat 12 & SN5 v&i ndng d6 6,26 ng/l. Nong do ACY cua khu vyc song
Nhué giao dong < 0,3-6,26 ng/l. Nong d6 ACY ¢ song Nhué cao hon sdng San Joaquin
(California, My) c6 ndng do ACY 0,1-0,2 ng/I [40].

c¢) Acenaphthene

Acenaphthene xudt hién & hau hét cac miu phan tich, trong d6 tai vi tri SN7 c6 ndng do
cao nhit 9,29 ng/l. Nong do ACP & song Nhu¢ SN7 cao hon song Brisbane (Uc) 6-11 ng/l
[39], song San Joaquin ( California, My) c6 ndéng do ACP 0,1-0,5 ng/l [40] va thap hon rét
nhiéu so nudc & vinh Chespeake (M¥) nong 46 ACP 0-163 ng/l [42].

d) Fluorene

Fluorene chiém t6i 20% tong ham luong PAHs trong cac mau phan tich, giao dong tir
59-110,34 ng/l. Pay la mot trong bén chit c6 mit nhidu nhat ¢ trong nudc song Nhué. FLR
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xudt hién & tat ca cac cac mau nudc mit nhung ndng do ciia FLR khong dong déu. Trong dé
nhiéu nhat 13 & SN6 khu vuc Sa Déi-Nam Tir Liém v6i nong d6 110,34 ng/l, tiép theo 1a miu
SN4 khu vire cdu Dién-Bic Tir Liém v6i nong do 59,88 ng/l, thip nhat duoc tim thdy ¢ mau
SN9 vé6i ndng do 2,98 ng/l.

e) Phenanthrene

Phenanthrene xuét hién & tit ca cac cac mau nude mit, chiém téi 20% luong PAHs, giao
dong 9,65-37,33 ng/l. Trong d6 ndéng dd cao nhit tai diém SN6 khu vyc Sa Poi-Nam Tur
Liém voi ndng d6 37,33 ng/l, tiép theo 1a mau SN2 khu vuc cau phd Vién—Bac Tir Liém véi
ndng d6 31,28 ng/l, thap nhit duoc tim thdy & mau SN3 véi ndng do 9,65 ngl/l.

f) Anthracene

Nong d6 Anthracene giao dong tir < 0,4-52,7 ng/l, chiém t&i 22% tong ham luong cao
nhit trong 16 hop chat PAHs. ANT xuit hién ¢ hau hét cac cac miu nudc mat. Trong d6
nong d6 cao nhét tai diém SN8 khu vuc Cau Pen—Ha Pong véi nong d6 52,7 ng/l, tiép theo
la vi tri SN6 khu vuc Sa B6i—Nam Tur Liém 45,29 ng/l.

g) Fluoranthene

Fluoranthene chiém 7% luong PAHs, xuit hién ¢ hau hét cic mau nudc song Nhué.
Nong d6 FA cua khu vuc song Nhué giao dong tir < 0,2-29,91 ng/l, cao nhat tai SN8 véi
nong d6 29,91 ng/l. Nong do FA & séng Nhué cao hon séng Shatt Al-Arab c6 ndng do FA
giao dong 0-10 ng/l [43], song San Joaquin (California, My) c6 néng d6 FA 0,4-100 ng/l
[40].

h) Pyrene

Nbng do Pyrene khu vuc séng Nhug giao dong 4,9-24,01 ng/l, chiém 9% tong ham lugng
PAHSs. Pyrene dugc phat hién c6 nong d6 cao nhat tai diém SN8 khu vuc Cau Pen—Ha Pong
v6i nong d6 24,01 ng/l, sau d6 1a mau SN9 khu vuc cau Kién Hung—Ha Déng véi nong do
23,58 ng/l, thap nhat dugc tim thdy ¢ miu SN3 vé&i nong do 4,97 ng/l.

i) Benz[a]anthraene

Benz[a]anthraene chiém 3% tong ham luong PAHs, xuat hién & cac miu SN1, SN2,
SN6, SN5, SN3, SN8, SN10, SN9. Trong d6 nhiéu nhat 1a & SN10 véi nong d6 9,91 ng/l.
Nong d6 BaA ctia khu vuc song Nhué giao dong < 0,4-9,91 ng/l. Nong do BaA & song Nhué
cao hon séng Shatt Al-Arab [43], cao hon séng Brisbane (Uc) c6 nong d6 BaA giao dong tir
5-6 ng/l [39], song San Joaquin (California, M¥) c6 ndng do FA 0,4-43 ng/l [40].

J) Chrysene

Chrysene tim thay ¢ tat ca cac vi tri quan tric, voi ndng do giao dong tir 2,05-11,79 ng/l,
cao nhét tai SN9 (11,79 ng/l), SN10 (11,54 ng/l), thip nhit & vi tri SN1 véi nong do 2,05
ng/l. Nong 46 CHR & song Nhué thap hon séng Tonghui (Bic Kinh—Trung Qudc) c6 noéng
d6 CHR giao dong tir 3,29-26,34 ng/l [44].

k) Benzo[b]fluoranthene

Benzo[b]fluoranthene chiém 1% tong ham luong PAHs, xuat hién ¢ hau hét cac mau
nudc mat song Nhué nhung voi ndng do thap. Chat BbF tim thdy nhiéu nhat 1a & SN10 véi
nong d6 2,83 ng/l, thap nhat dugc tim thiy & khu vuc SN4 véi nong d6 0,75 ng/l. Nong do
BbF ¢ song Nhué thip hon séng Tonghui (Bic Kinh—Trung Quéc) c6 ndng d6 BbF giao dong
tir 2,41-21,51 ng/l [44].

I) Benzo[K]fluoranthene

Benzo[K]fluoranthene co ndng do cao nhit tai diém SN9 véi nong d6 7,4 ng/l, thip nhat
dugc tim thay ¢ khu vuc SN4 voi ndng do 0,35ng/l. Nong do BKF & song Nhu¢ cao hon song
Minjiang (Trung Quoc) co nong d6 BKF giao dong 0,33-4,3 ng/l [45] thap hon sdng Tonghui
(Bic Kinh-Trung Qudc) c6 nong do BKF giao dong tir 1,89-14,46 ng/l [44].

m) Benzo[a]pyrene

Benzo[a]pyrene chiém 1% tong ham luong PAHs, xuét hién & cac cac vi tri SN5, SN,
SN10, SN9 ctua nudc mat song Nhué€ nhung néng do thép. O céc vi tri con lai cua song Nhué
khong tim thdy sy c6 mit caa BaP. BaP c6 nong do cao nhét tai SN9 véi nong d6 7,4 ng/l,
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thdp nhat tai SN8 véi nong d6 1,87 ng/l. Nong d6 BaP ciia khu vuc séng Nhué giao dong <
0,4-7,4 ng/l. Nong d6 BaP & song Nhué thap hon song Minjiang (Trung Qudc) c6 ndng do
BaP giao dong 0,64-166 ng/l [45] va thap hon séng Tonghui (Bic Kinh—Trung Quéc) co
ndng do BaP giao dong tir 2,4-23,89 ng/l [44].

n) Indeno[1,2,3-cd]pyrene

Indeno[1,2,3-cd]pyrene xuat hién & cac cac vi tri SN5, SN8, SN9 ctia nuwdc mit séng
Nhu¢ nhung v6i nong do thap. Nong do IP cua khu vuc nghlen clru giao dong tir < 0,4-7,4
ng/l, cao nhit tai diém SN9 véi nong do 5,1 ng/l, thip nhat tai diém SN5 voi ndng d6 1,71
ng/l. Nong d6 IP ¢ song Nhué thap hon song Minjiang (Trung Qudc) c6 ndng do IP giao
dong 0,62—126 ng/l [45] va thdp hon séng Tonghui (Biac Kinh-Trung Qudc) c6 ndng do IP
giao dong tur 4,56-76,35 ng/l [44].

0) Dibenzo[a,h]anthracene

Dibenzo[a,h]anthracene chiém 2% tong ham lugng PAHs, xuat hién & tat ca cac vi tri
ctia séng Nhué véi ndng do thip. Trong d6 DbahA tim thdy nhiéu nhét ¢ vi tri SN9 (6,34
ng/1), thap nhat & vi tri SN10 (0,4 ng/l). Nong d6 DbahA cua khu vuc séng Nhué giao dong
0,4-6,34 ng/l, thip hon sdong Minjiang (Trung Quéc 0,27-40,2 ng/l [45] va song Tonghui
(Bic Kinh-Trung Qudc 2,75-88,05 ng/l [44] cao hon séng JuiLong (Trung Qudc) c6 ndng
do6 giao dong 0,37-6,03 ng/l [46].

p) Benzo[ghi]perylene

Benzo[ghi]Jperylene giao dong tr < 0,5-4,48 ng/l, cao nhat tai SN5 voi nf)ng do 4,48
ng/l. Nong do BghiP & song Nhué thap hon séng Minjiang (Trung Quoc) c6 nong do giao
dong 0,6-11,9 ng/l [45] va thip hon séng Tonghui (Bic Kinh— —Trung Quoc) co nong do giao
dong tir 5,49-75,31 ng/l [44], cao hon soéng JuiLong (Trung Qudc) co ndng do giao dong
0,41-1,91 ng/l [46].

Bang 3. So sanh ndng do cac hop chat PAHs trong nudc mat song Nhué va mot s6 sdng trén thé gidi.

A N Séng Minjiang song . Sdéng Song Sf’ln
Song Nhué r Tonghui . Joaquin
T PAHSs (Ha Noi) (Tr“&%%“OC) (Trung (%2';'(325/7) (My) (ng/l)
(ng/l) [45] Quo[czél(]ng/l) [39] [40]
1 Naphthalene <3-27,78 - - 19-26 0.5-1.2
2 Acenaphthylene <0,3-6,26 - - - 0,1-0.2
3 Acenaphthene <0,3-9,29 - - 6-11 0,1-0,5
4 Fluorene 59-110,34 - - 9-15 B
5 Phenanthrene 9,65-37,33 - - 12-16 B
6 Anthracene <0,4-52,7 - - 6-8 B
7 Fluoranthene <0,2-29,91 - - 10-16 0.4-100
8 Pyrene 4,9-24,01 - - 7-11 B
9 Benz[a]anthracene <0,4-9,91 - - 56 0,4-43
10 Chrysene 2,05-11,79 - 3,29-26,34 7-10 B
11 Benzo[b]fluoranthene 0,75-2,83 - 2,41-2151 - B
12 Benzo[k]fluoranthene 0,35-7,4 0,33-4,3 1,89-14,46 5-7 B
13 Benzo[a]pyrene <0,4-74 0,64-166 2,4-23,89 6-9 B
14 Indenofl,2,3- <0,4-74 0,62-126 4,56-76,35 - -

cd]pyrene




Tap chi Khi twong Thuiy van 2022, 740, 46-56; doi:10.36335/VNJHM.2022(740).46-56 52

Séng Minjiang Song Soéng Song San
Séng Nhué (T Quéc) Tonghui Brisbane Joaquin
TT PAHs (Ha Noi) r“(‘:]g /I)“"c (Trung 0o (ngly M) (gl
(ng/N) J Quéc) (ng/l) J [40]
[45] (4] [39]
15 D'benzo[iz]a’“hra"e 0,4-6,34 0,27-40,2 2,75-88,05 - -
16 Benzo[ghi]perylene <0,5-4,48 0,6-11,9 5,49-75,31 - B

3.2. Tong ham lwong PAHs

Tong ham lwong cac hop chat PAHs trong cac mau nudc thu thap doc song Nhu¢ doan
chay qua cac quan ndi thanh thanh phd Ha N6i nam trong khoang tir 61,12 ng/l dén 227,30
ng/l.

250,00 - 2730
201,33
200,00
Q- 146,57
‘-:E:huu,ou . . 12642
= 111,86 35
f'n 102,05
«'za 100,00
66,32 6112 68,83
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Hinh 4. Tong ndng do PAHS tai c&c vi tri quan trac.

Trong d6 téng ham luong cac hop chat PAHs trong cac mau nude mit duge thu thap tir
cau Sa Poi khu vire Nam Tir Liém 1a 227,30 ng/l, véi ham luong chét Fluorene 1a 59,88 ng/l.
Ham lugng PAHs trong cdc mau nude mit thudc doc song Nhué cé su chénh léch rat nhiéu
giita cac diém 1dy mau khac nhau. Ching t6 nudc song Nhué 1a noi chira ctia rat nhidu ngudn
thai khac nhau.

Cao th{ hai la mau song Nhu¢ tai diém SN8 khu vuc ciu Pen. Téng ham lugng cac chét
PAHs trong mau 1a 201,33 ng/l. Khu vuce nay tap chung nhiéu khu dan cu, khu vuc gan chg
Ha DBong, nhitng quan an gan khu vyc.

Tai diém SN4, khu vyc Cau Dién, noi tap chung nhiéu dan cu, chg va giao thong di lai
nhiéu & khu vuc nay, Tong ham luong cac hop chat PAHs 1a 146,57 ng/l.

Tai diém SN10 duoc léy tai vi tri Cau Méu Luong 1 — Ha Bong. Noi tip chung nhiéu
dan cu sinh séng, tong ham lugng PAHs 1a 126,42 ng/l.

Téng ham luong PAHs thép nhat 1a vi tri SN2 tai vi tri ciu Phé Vién khu vuc Béc T
Liém vai gia tri 61,12 ng/l. Sau d6 1a SN1 tai vi tri léy mau la céng Lién Mac voi gié tri la
66,52 ng/l. Tai ddy dan cu tap trung khong nhiéu.

So sanh tong ham luong PAHs song Nhué ta thdy: Noi cao nhat ctia song Nhué 1a khu
vuc Sa Doi cao gip 3,7 lan khu vuc ¢6 lugng PAHs thap nhat.

C6 thé thay rang su phan bé ham luong cac hop chat PAHs doc song Nhué chay qua
cac quan ndi thanh Ha Noi 1a khong dong déu. Céac noi c6 ndng do cao déu tap chung nhiéu
khu dan cu, va giao thong tap nép.
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4. Két ludn

Qua qué trinh danh gid néng d6 hop chit PAHs tai séng Nhué doan chay qua cic quin
ndi thanh Ha Noi, mot sd két luan duge rat ra nhu sau:

16 hop chat PAHs nghién ctru déu xut hién trong nudc song Nhué doan chay qua cac
quéan ndi thanh Ha Noi. Trong d6, 4 hop chat PAHs phd bién trong nudc song Nhué la
Anthracen, Fluoren, Phenanthren, Pyren.

Téng ham lugng céc hop chit PAHs trong cac mau nudc thu thap doc song Nhué doan
chay qua cac quan ndi thanh thanh phd Ha Noi nam trong khoang tir 61,12 ng/l dén 227,30
ng/l.

Ham luong cac hop chat PAHs phan bd doc song Nhué khong dong déu tai ting vi tri
quan tric doc song Nhué. Hai diém c6 tong ndng d6 PAHs cao la cau Sa Péi (227,3 ng/l) va
cau Pen (201,33 ng/l).

Nghién ctru ndy chua xac dinh duoc cac ngudn thai cia PAHs chay vao séng Nhué, do
d6 can c6 cac nghién ctru sdu hon dé xac dinh cac ngudn thai.

bong gop cua tac gia: Xy dung y tuong va lya chon phuong phap nghién cou: B.H.T,,
V.K.T.; Thu thap, phan tich mau, tinh toan xu ly so liéu: V.K.T., D.H.T., Viét ban thao bai
bao: D.H.T., V.K.T.; Chinh stra bai bao: BD.H.T.

Loi cam doan: Pay la cong trinh nghién ctru ciia nhom téc gia, cong trinh chua dugc cong
bo ¢ dau, khong sao chép tir nhitng nghién ciru trude day; khong co sy tranh chap loi ich.
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Assessment of Polycyclic Aromatic Hydrocarbons (PAHS)
concentraton in the Nhue river water flowing through the inner
districts of Hanoi City

Vu Kieu Trang?!, Do Huu Tuan®*

! Faculty of Environmental Sciences, VNU University of Science, Vietnam National
University, Hanoi; tuandh@vnu.edu.vn; vukieutrang_t63@hus.edu.vn

Abstract: Polycyclic Aromantic Hydrocarbons (PAHSs) are carcinogenic compounds,
appearing in the air, dust, sediment, and water from human activities like burning fossil fuel
and traffic. In this study, assessment of Polycyclic Aromatic Hydrocarbons (PAHS)
concentraton in the Nhue river water flowing through the inner districts of Hanoi City was
carried out by survey, sampling and analyzing, and comparision methods. The results
indicated that 4 popular PAHs compounds of 16 PAHs compounds were Anthracen (22%),
Fluoren (20%), Phenanthren (20%), Pyren (9%). The total concentration of 16 PAHs ranged
from 61.1261.12 ng/l to 227.30 ng/l. The study also showed that two places with a high total
concentration of PAHs were Sa Doi bridge (227.3 ng/l) and Den bridge (201.33 ng/l).

Keywords: Polycyclic Aromantic Hydrocacbons; PAHs; Nhue River; Hanoi.
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Tém tit: Su mat 6n dinh bo song khong chi gay thiét hai 16n vé tinh mang va tai san cta cu
dan séng trong khu vuc bi sat 10 ma con gdy ra nhitng thiét hai gian tiép dén moi truong. Da
¢6 nhiéu nghién ciru & khu vuc cac song 16n nhu séng Tién va song Hau dé tim ra nhimng
nguyén nhan mét on dinh. Tai cac song rach nho sat 16 van dién ra va thiét hai gdy ra van rat
16n nhung lai chua c6 nhidu nghién ctru cho cac trudng hop nay. Do d6 nghién ciru nay dugc
thuc hién dé phan tich cac yéu td anh huéng dén 6n dinh mai bo song Mai Dam va rach Xéo
Choi tai huyén Chau Thanh, tinh Hau Giang. Nghién ctru st dung anh vién tham Google Earth
giai doan tir nim 2006 dén nim 2019 dé danh gia hién trang x4y dung va sat 16 ven song.

Phuong phap phén tich thu bac (Analytic Hierarchy Process - AHP) duoc sir dung dé xac dinh
mirc do tac dong cua cac yéu td gy mat on dinh bo song. Sau do tién hanh khao sat thuc dia
dé kiém chung két qua AHP, tir do tinh toan 6n dinh bo song. Ket qua khao sat va phan tich
cho thay dja chit 12 yéu t6 tic dong manh nhét trong cac yéu td, ket hop véi viée xay dung
14n chiém hanh lang bao v€ song rach tao ra tai trong lam giam h¢ s6 6n dinh ctia mai bo. Bén
canh d6, do cong va luu téc dong chay cling 1a nguyén nhan giy x6i 1¢ va bién dang long
song, dén dén tang d6 déc mai b, anh huong dén on dinh bo séng. Két qua nghién ctru sau
khi ap dung phuong phap AHP va khao sat thuc dia co thé mé rong ap dung cho cac khu vuc
khac thugc Pong bang séng Ciru Long dé phan tich 6n dinh cta bd song.

Tir khéa: Anh vién tham; Mat 6n dinh méi bo song; AHP; Céc yéu té tac dong; Hau Giang.

1. Mé diu

Pong béng song Ciru Long (PBSCL) bat dau hinh thanh cach nay hon 7000 ndm va dén
2000 ndm géan déy moi co hinh dang nhu ngay nay. Do d6, nén dia chit cua khu vyc nay kha
yéu va c6 ngudn gdc tir trim tich song, bién va dam lay [1]. Tuy ddong bang ¢6 lich st non tre
nhung dén nay da c6 khoang 17,3 triéu cu dan (s6 liéu ndm 2021) dang sinh sdng chiém 17,9%
ca nudce Viét Nam [2]. Khi co so ha tAng chua phat trién, tap quan sinh sdng cua cu dan PBSCL
1a x4y nha ven song dé thuan tién di chuyén bang tau thuyen nho trong sinh hoat hang ngay
[3]. Theo thoi gian cu dan sinh séng ven song cang nhiéu, cing voi viée xay dung thém nha
ctra kién cd va duodng dan sinh ven bo. Vi cau tao dia chat PBSCL chu yeu la dét sét voi tinh
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chat co 1y kém, anh huong tir tai trong cac cong trinh dan sinh dén 6n dinh mai bo la rat 16n.
Nhitng bao cdo gin day cho thiy sb lwong cac diém sat 16 cia PBSCL dang gia ting rat nhanh
[1, 4].

Hau hét céc nghién ctru trén thé gidi va Viét Nam vé hién tuong sat 1& bo song ngoai viéc
dé cap dén vi tri phan bd cta mai ddc truot thi cling tap trung tim ra co ché, mo ta dic diém dia
hinh, diéu kién dja chét thuy van, danh gia cac yéu té tac dong, cac yéu té ty nhién, nhin tao
tac dong dén dong luc va quy luat phat sinh, phat trién sat 1o [5 8]. Trong thap ky qua c6 rét
nhiéu nghién ciru dé tim ra  nghién nhén gay mét 6n dinh dan dén sat 10 bo song nhu: dia chat,
hinh thai dong chay, luu tdc, xdy dung co sé ha ting ven song [9-13]. Trong d6 cé viée tng
dung phuong phap phan tich thi bac (Analytic Hierarchy Process - AHP) va GIS dé danh gia
tac dong cua cac yeéu t6 anh hudng dén sat 16 dang 1a hudng nghién ciru moi, mang dén cai
nhin tong quat hon vé hién tuong sat 16 ddng thoi dua ra canh bao vé nguy co sat 16 thong qua
ban d6 nguy co caa khu vuc nghlen ctru. Phuong phap AHP tong hop duoc cac y kién tham
van tir chuyén gia trong linh vyc giup ting tinh khach quan cho nghién ctru [14].

Do d6, nghién ciru ndy dugc thuc hién nham phan tich cac yéu to anh hudng dén 6n dinh
mai bo song, rach bang phuong phap AHP va khao sét thuc dia lam nén tang dé xay dung ban
d6 nguy co sat 16 cho khu vyc huyén Chau Thanh, tinh Hau Giang sau nay.

2. Phuwong phap nghién ctru

2.1. Khu vuc nghién cuu

Khu vuc nghién ctru 12 huyén Chau Thanh, tinh Hau Giang c¢6 1anh thd nam trong toa do
tir 9°30°35 dén 10°19°17 vi Bic va tir 105°14°03 dén 106°17°57 kinh Pong véi hé théng song
rach day déc [15]. Trong d6 séng Mai Dam (vitri A ¢ Hinh 1) 1a mét nhanh song 16n tir song
Hau d6 vao Hau Giang, di qua khu vyc thi tran Mai Dam vé6i nhiéu doan udn cong gay sat 10
nghiém trong [16]. Puong bd khu vuc nha méay gidy Lee & Man Viét Nam da duoc bao vé
bang hé thong ké du timg Iuc kha kién cb. Tuy nhién doan séng tir ciu Mai Dam dén cau Pha
Hiru khong duoc bao vé nén hién tuong sat 16 van dang dién ra doc dudng bo. Trung tim huyén
Chéu Thanh Ia khu vuc chg Nga Sau, noi giao nhau cta 6 con song, rach, trong d6 c6 doan
rach Xéo Chdi (vi tri B ¢ Hinh 1) 1a diém nong sat 16 ctia khu vuc.

2.2. Phan tich anh vién thém

Pé danh gia hién trang xay dung ven bo ¢ khu vuc nghién ctru, tac gia st dung anh vién
tham ctia Google dé phan tich. Phuong phéap phén tich dnh vién thdm duoc mo ta nhu trong so
dd trén Hinh 2.

Anh vé tinh Google Earth thudc so hitu ctia ¢6ng ty Google LLC try so tai Hoa Ky, c6 thé
tai xudng mién phi tai phin mém Google Earth Pro. Cac anh vé tinh chit luong cao véi do
phan giai 0,3 m duogc tai va sir dung dé phan tich dién bién dudong bo song 2 vi tri Séong Mai
Dam (A) va Rach Xéo Chdi (B) thudc khu vure nghién ciru. Cac anh Google Earth d thu thap
dugc trinh bay trong Bang 1.

Bang 1. S6 liéu anh Google Earth.

Thoi gian Vi tri Nguon anh Pj phan giai (m)  Hé toa d
12/04/2006 A Maxar Technologies 0,3 UTM
26/12/2013 B CNES/Airbus 0,3 uUT™Mm
09/02/2015 AvaB CNES/Airbus 0,3 uT™Mm
28/02/2017 B CNES/Airbus 0,3 uUT™Mm

15/02/2019 AvaB Maxar Technologies 0,3 UTM
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Hinh 1. Khu vyc nghién cuau.

Xit 1y anh
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Tinh toan d9 cong
cuia song

Hinh 2. So dd cac budc thyuc hién phan tich anh vién tham.
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Céc anh Google Earth dugc tai vé khong c6 cing khung hinh hoc nén phai dwoc nan chinh
hinh hoc bang cong cu Registration trong bd céng cu Map trén phan mém ENVI trude khi tién
hanh chiét xuat duong bo. Cac diém khdng ché duoc sir dung dé tién hanh nin chinh hinh hoc
cac anh. Sai sb trung binh binh phuong (RMSE) duoc st dung dé danh gia d6 chinh xac cua
viéc nén chinh anh theo cong thic:

RMSE = /Zn:—(yi_nyi)z ()

Trong d6 yi 14 toa do diém khong ché thu i; y, 14 gia trj uéc doan bang mo hinh héi quy
tuyén tinh tai diém khéng ché thi i.

Phuong phap chiét xuat duong bd cua anh Google Earth va sai s6 ciia phuong phéap nay
dugc tham khao trong nghién ctru cta [17-19]. Nghién ctru nay str dung dinh nghia duong bo
la ranh gi6i gitt mat nude voi phan dat ven bd hodc cdy cdi nén khong xét dén anh huong cua
dao dong myc nudc dén vi tri duong bo.

2.2.1. Théng ké hién trang xay dung trén hanh lang bao vé song, rach

Khu vuc song Mai Dam va rach Xéo Chdi c6 chiéu rong lan luot khoang 80 m va 35 m,
can cir theo quyét dinh cua Uy ban nhan dan tinh Hau Giang vé hanh lang bao vé séng, rach
[20] thi pham vi bao vé song Mai Dam 1a 25 m va rach Xéo Chdi 1a 15 m tir duong bd ¢6 muyc
nuée lii cao nhat. Trong nghién ciru ndy tac gia tong hop dudng b cac nam 2006, 2015, 2019
tai song Mai DAam va cac nam 2013, 2015, 2017, 2019 tai rach Xéo Chdi dé tim ra dudng
baseline bang cong cu DSAS trong ARCMAP 10.4, tir d6 v& duoc hanh lang bao vé bo 1a mot
duong polyline cach dudng baseline mot khoang bang pham vi bao vé quy dinh. Sau d6 loc ra
cac d6i tuong 1a cong trinh xay dung va 16 dan sinh tir dudng bo trd vao dén hanh lang bao vé
b trong cac anh thude khu vic nghién ctru nhu Hinh 2. Tién hanh théng ké dién tich ctia cac
cong trinh trén qua cac nam, tir do tinh dugc mat d¢ xay dung tung nam theo cong thirc:

SCT + S LDS

MBDXD = )

Trong d6 Sct va Sips l1an luot 1a dién tich cic cong trinh nha dan va 16 dan sinh xdy dung
trong hanh lang bao vé (m?); S 1a dién tich hanh lang bao vé trong khu vuc nghién ctru (m?).

5 ¥ & T

s Hanh lang bio vé bo
[ L6 dan sinh nim 2019
ng rinh nim 2019

Duimg b 15-02-2019
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2.2.2. Tinh toan dg cong cua song rach

Ty s6 d6 cong (L/L’) giita chiéu dai un khic cua séng (L) trén chiéu dai doan thing nbi
giita hai dau séng (L’) duoc dé cap trong nghién ctru ctia Dave Rosgen [21] 1a yéu té danh gia
xu hudng bién d6i dong chay cia cac con song. Dé tinh duoc d6 dai L cua khu vuc séng rach
nghién ctru tac gia st dung anh Google Earth d3 duoc thu thap rdi tién hanh vé dudng truc cia
song cach déu hai b song. Do dai L’ duge xac dinh dé dang hon, d6 1a duong thang ndi hai
diém dau va cudi cua dudong L nhu Hinh 3.

\3»\

.A

Vi tri khao sat

Hinh 3. Phéan tich mat d6 cong rach Xéo Choi trén anh Google Earth.

2.3. Phuong phdp Analytical Hierarchy Process (AHP)

Thomas L. Saaty (1972) da d& xuat phuong phép ra quyét dinh duoc biét véi tén goi la quy
trinh phan tich thi bic AHP nham ho trg viéc ra quyét dinh da tiéu chuan phire tap [22]. Phuong
phap AHP cho phép ngudi ra quyét dinh tap hop duogc kién thire ciia nhitng chuyén gia trong
linh vire nghién ctru cuia minh, téng hop lai duoc cac dir liéu khach quan va chu quan trong mot
khuén kho thtr bac logic. "Phuong phap nay dua ra danh gia vé ca hai mat dinh tinh va dinh
lugng: Dinh tinh qua sy sap xép thir bac va dinh luong qua sy mo ta cac danh gia qua cac con
s6 ¢ thé dung dé mo ta nhén dinh cta nguoi dugc tham van vé cac van dé duoc dé cap. Ngay
nay, AHP duoc sir dung rat phd bién trong cac linh vuc quan 1y tai nguyén dat dai, thuong mai.

Qua qua trinh lugc khao tai liéu, tac gia chon ra séu yéu t6 chinh anh huong dén sy 6n dinh
mai bo song, rach. Tir d6 tién hanh khao sat y kién cta cac chuyén gia trong linh vuc thity lgi
dot 1 @ danh gia so by mure d tac dong cua tung yéu t6 di néu. Sau d6 tién hanh chon loc va
gilr lai nhitng yéu t6 quan trong dé tao thanh ma tran quan ly theo chiéu doc 13n chiéu ngang
dudi sy phan cap tiéu chuan ctia trong s6. Tir d6 tinh toan duge muc d6 uu tién giita cac yéu
t6, gia str ta c6 Xn yéu to can gia dinh thi mot ma tran duoc gia thuyét nhu sau:

X, X, X,

a; Q, ... &,
Xol@y @y o &y, (3)
Xn anl an2 " an.n

Trong d6 ajj la mirc d6 danh gia gitra chi tiéu thir i so voi thir j: aij> 0; aij = 1/a; ; @i = 1. Vi
du nhu yéu t6 X1 quan trong hon yéu t6 X2 thi a2 > 1 va a21 < 1 va nguoc lai. Néu X1 va Xz
quan trong nhu nhau thi ai2 = a21 =1. Dé dién vao ma tran trén, nguoi ta dung thang danh gia tir
1-9 nhu trong Bang 2.
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O budc nay, khao sat dot 2 dugc tién hanh nho cac chuyén gia cho diém céc yéu tb trong
ma tran so sanh da 1ap gdm: Dia chét; Hinh thai dong chay; Van tdc dong chay va tai trong
cong trinh ven bd séng. Cac ma tran so sanh cua cic chuyén gia duoc tong hop lai dé xac dinh
trong s6 cho timg yéu to.

Bang 2. Céc tri s6 so sanh cap thong minh cia Saaty [23].

Mirc d§ quan trong Gia tri so Giai thich

Quan trong nhu nhau 1 Hai tiéu chi c6 dong gbp ngang nhau

Quan trong hon mat it Cé sy uu ti€n vira phai cho mét tiéu chi

Mot tiéu chi rat quan trong so voi ti€u chi kia

3

Quan trong hon nhiéu 5 Cé su uwu tién manh cho mot ti€u chi
Quan trong hon rat nhiéu 7
9

Quan trong hon rat nhiéu lan Puogc vu tién & mirc dd cao nhat co thé

Cho mdi yéu t6 1a mot trong s6, d6 ciing chinh 1a mirc d6 quan trong cua timg yéu td tac
dong manh nhu thé nao dén qua trinh sat 1o, tong cua tat ca trong so 1la 100% hay 1. Goi wii la
trong soO cua yeu to thi i. wii dugc tinh theo cong thirc sau:

W.. = aii (4)

23

i=1

Kiém tra tinh nhét quan: Phuong phap AHP cho phép mau thuan giira cac gitra yéu td,
nhung phai ¢6 gidi han cua mau thuan dé trong y kién cta tap hop. Ma tran vé y kién cia céc
chuyén gia c6 thé dugc xac dinh bang ti s nhat quan (Consistency Ratio - CR):

Cl
CR=— (5)
RI
Trong do RI (Random Index) 1a chi so ngau nhién dugc xac dinh tir bang cho san; CI
. \ 1. A 1 , L —n NV , A
(Consistency Index) 1a chi s6 nhat quan véi Cl = 1 ; Amax 12 gia tri riéng clia ma tran so
n -
4 4 4 4
1 Zwln ZWZn ZW3n zw4n
sanh voi: 4 == 22— 22— 4024 0
n Wll W22 W33 W44

Bang 3. Cac chi s6 ngau nhién ung véi sb lugng cac yéu té (RI) theo Berrittella [24].

n 1 2 3 4 5 6 7 8 9 10

RI 0,00 0,00 0,58 0,90 1,12 1,24 1,32 1,41 1,45 1,49

Ty s6 nhat quan CR phai nhé hon 10%, néu 16n hon thi sy két qua tham van chua dugc
xem la ngau nhién va can thuc hién lai. Trinh tu cac budc tien hanh phuong phap AHP duoc
tom tat va thé hién & Hinh 4.

me kﬂmo;t‘? {0 ... | Xdy dyng ma frin . .| Xdcdinhtrong. 50
véyéutoanh | Khdo st T E
50 sanh piffa cdc ctia cde yéu to

yéu 0 anh hudng ' anh hudng

Kiém dinh ket
qua va ket ludn

hudng dén sat 1&
bé song

Khong dat

Hinh 4. So d6 c4u trac cac bude tién hanh phuong phap AHP.
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2.4. Khdo sat thuce dia

Sau khi c6 két qua danh gia su tac dong cua cac yéu té cua cac chuyén gia theo phuong
phap AHP, khao sat thuc dia dugc tién hanh dé kiém dinh lai gid thuyét. Cac budc thuc hi¢n
khao sat thyc dia va tinh toan 6n dinh dugc trinh bay thanh so d6 nhu Hinh 5.

[ Thu thip s6 lidu ]

! l | I

Diachit Mat cét séng Anh vé tinh Luutde ‘Binday
(S6 lidu thir cap) (56 liéu so cép) (80 liéu thnr cap) (86 lidu so cip) (S6 liéu so cap)
|
| l
Mit d xdy dung D6 cong L/L’ cia
ven b& séng

Tinh toan én dinh Vin tde gdy x6i
mai b trén Plaxis ) =

( Két lugn 1
L e

Hinh 5. So dd céu trac cac budce tién hanh khao sat thuc dia.

2.4.1. Thu thap s6 liéu

Céc s liu thtr cép nhu dia chét caa khu vuc nghién ctru, théng ké tinh hinh sat 16 ciia khu
vuc duoc thu thdp tir cac ngudn thé hién ¢ Bang 4.

Bang 4. S6 liéu va ngudn s liéu.

TT  Ténsbligu Thoi gian/Pia diém Nguén
Niam 2018, khu vuc sdng Mai Dam,
Nga Sau, huyén Chau Thanh
2 Sélieusatlo Nam 2019-2021 Téng cuc phong chéng thién tai

1  Diachit S& TN&MT tinh Hau Giang

S6 liéu dia chat dugc tham khao tir nguon ciia S¢ Tai nguyén va Moi truong tinh Hau
Giang [16], ket qua khao sat dia chat khu vyc song Mai Dam va rach Xéo Choi dugc trinh bay
0 Bang 5.

Bang 5. S6 liéu dia chat khu vuc nghién ciu.

o Chidu day Dung tf‘?ng Du?g tr‘gng Luc dinh Goc n,(f)i
Khu vue Lép dat h (m) tw nhién bao hoa C (kN/m?) ma sat
oo (KN/M3)  ysar (KN/M®) 9 ()
Lop 1 (OH) 11,0 14,219 14,922 8,434 3,350
Méi Dam Lop 2 (CLYL) 12,0 18,612 19,316 19,809 15,250
Lép 3 (CL2) 2,0 19,896 20,385 28,635 17,567
Lop 1 (OH) 11,0 15,003 15,307 7,649 4,683
Xéo Chdi Lop 2 (CHY) 12,0 18,425 18,739 19,025 17,050
Lop 3 (CLY) 4,0 18,602 18,916 17,260 15,883

2.4.2. Do do mit cit ngang két hop do vén toc dong chay

Phuong phap do mit cat udt song duoc xac dinh theo Tiéu chuén nganh 14TCN 141-2005
[25]. Trong d6, may siéu &m cam tay Hondex PS-7 trén Hinh 6 duoc sir dung dé do d6 sau. Do
sau dugc do tir mit nude dén day song tai cac thuy truc va khoang cach giira cac thiy truc 1a
5-10 m tinh tir mép b phai. Ghi nhan va chinh 1y sb liéu cho phu hop dé v& mit cit song.
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Hinh 6. Thiét bj do do sau (Hondex PS-7) va van téc (Mldas ECM).

Trong nghién ciru nay, thiét bi duge sir dung dé do van tbc dong chay 1a MIDAS-ECM
(Hinh 6 - thiét bi do van toc ty ghi c6 thé do dugc van toc dong chay theo hai phuong. Van toc
duoc do tai cac thuy truc da do vé mat cat.

2.4.3. Thu mau bun cét

D¢ xac dinh cap phdi hat bin cat ven bo séng can thu thap cac mau va luu trit trong céc
hop nhya, sau d6 chuyén dén phong thi nghiém dé xac dinh cap phdi theo phuong phap ray
Sang va ling dong nhu Hinh 7. Vi tri iy mau tai cac vi tri doan song bi udn cong va nhiing dia
diém thuong xay ra xoi/sat 1. Trén mot mat cit song, cac vi tri 1y mau bun cat dugc xac dinh
nhu sau: vi tri 01: cach bo phai 5 m va vi tri 02: cach bo trai 5 m.

Hinh 7. Thu mau bun d4y va lam thi nghiém thanh phan hat.

2.4.4. Van toc khong x6i

Vian tdc khong x6i 1a van tbc cho phep 1on nhat ma dong chay dat t6i tri sb iy khong gay
ra sy x01 16 long song rach. Véan tdc khong x6i cho phép phu thude vao tinh chat co 1y cua dét
noi tuyén kénh di qua, lugng ngdm phu sa va tinh chat phu sa ctia dong chay trong kénh. Theo
TCVN 4118:2012, van tbc khong x6i duge xac dinh dya vao kich thudce hat trung binh (dso) va
trinh bay & Bang 6.

Bang 6. Van tbc khong x6i theo TCVN 4118:2012.

Kich thwéc hat dt trung binh (dso) (mm)  Vién toc khong x6i (m/s)
0,005 - 0,050 0,190 - 0,260
0,050 - 0,250 0,260 - 0,400
0,250 - 1,000 0,400 - 0,700
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2.5. Tinh toan hé sé én dinh mai bo

Céc dit liéu vé dia chat; mat cit song; myuc nudc song; muc nudc ngém va tai trong cua
cac cong trinh ven nhu duong dan sinh va nha ¢ ciia cu dan dugc dua vao mé hinh phan tir hitu
han dé tinh toan sy 6n dinh ctia mai bd. Cu thé theo Tiéu chuan Viét Nam TCVN 2737:2012
[26], tai trong nha cdp 4 va dudng dan sinh duoc tinh toan va khai bao vao mé hinh phan tir
hiru han 1an luot 1a P1 = 0,85 T/m va P, = 0,5 T/m. Qua khao sat thuc té rit ra cac trrong hop
tinh toan la: (TH1) Mai bo séng khong ¢ cong trinh; (TH2) C6 nha cip 4 14n xudng 1ong song;
(TH3) C6 nha cip 4 & phia trong duong dan sinh; (TH4) Co canha 4 14n xudng long song va
0 phia trong duong dan sinh. Sau khi khai bao cac déc trung vé hinh hoc; dja chit; muc nude
song; muc nudc ngarn va tai trong tac gid tinh dugc hé s6 on dinh FS theo phuong phap suy
giam strc khang cat [27-29] véi:

tang ¢
FS=>"M, = =— 6
2Mi tang, ¢ ©

Trong d6 cVva ¢ lan luot 14 lyc dinh va goc ndi ma sat & trang thai binh thuong (tham

r

khao s lidu dia chat khu vuc nghién ctru da thu thap), C,va ¢, la lyc dinh va goc ndi ma sat
suy giam vira di 16n dé duy tri trang thai can bang. Viéc giam cac thong sd cva ¢ duoc kiém
soat boi tong s6 nhan Zl\/l « » tham sd nay duogc tang 1én theo quy trinh timg budc cho dén khi
xdy ra trang thai mét 6n dinh. Gia tri ZM « cudi cung dat dugc trudc khi trang thai mét 6n
dinh xay ra 14 chinh 14 hé s6 an toan cila mai bo FS.

Trong phU:O'ng phap suy giam suc khang cat: Néu FS > 1 thi mai bo & trang thai 6 6n dinh;

FS = 1 thi mai bo dén gidi han mat on dinh; FS < 1 thi mai bo ¢ trang thai mat on dinh din dén
nguy co sat 1¢ cao.

25.00  20.00 -15.00  -10.00 -5.00 0.00 5.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00 45.00 50.00

Hinh 8. So db tinh toan 6n dinh.

3. Két qua va thao luin
3.1. Két qud phdn tich anh vién tham

Mat d6 xay dung trén hanh lang bao vé bd duoc thé hién & Hinh 9 cho thiy qua trinh xay
dung & séng Mai Dam tir ndm 2006 dén nam 2019 dién ra khéng qua nhanh, mat do xay dung
tang thém 4,3% trong 13 nam (tir 16,2% lIén 20,5%). Truong hop mat do xay dung ¢ rach Xéo
Chdi ciing khong thay doi dang ké tir nam 2013 dén nim 2019 chi ting thém 1,8% (tir 24,4%
Ién 26,2%). Tuy nhién mat d6 xay dung trén hanh lang bao vé hai khu vuc nay rat cao dén
20,5% va 26,2%, 1am ting tai trong 1én mai bd dan dén nguy co mét 6n dinh va sat 10.

Két qua tinh toan d6 cong dong chay cho hai vi tri A va B dugc thé hién ¢ Bang 6 cho thay
d6 cong ctia song Mai Dam khong 16n, ti sb L/L’=1,05. Trong khi d6 doan rach Xéo Chdi trong
khu vuc nghién ctru ¢6 do rat 16n, voi ti s6 L/L’=1 ,22. Tham khao nghién ctru cia Dave Rosgen
[21] tai cac con song c6 nén dit sét va bun, véi do doc nho hon 0,02 - twong tw PBSCL, néu
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ty s6 d6 cong gitra chiéu dai uén khuc cua séng trén chiéu dai doan thang ndi gitra hai dau séng
L/L’ > 1,2 thi ¢6 hién tugng x6i bén b 16m va bdi bén bo 16i. Nhu vay véi két qua do cong tai
rach Xéo Chdi, ta c¢6 thé du bao duoc mat cat (MC) 2-2 ctia rach Xéo Chdi c6 kha ning bi
khoét sau vao bo tréi (bén 10m).

26.2%
19.6% 20,5%
0,
16,2% 251%  254%
24,4% I I
Nam 2006 Nz'm} 2015 Nam 2019 Nam 2013 Nam 2015 Nam 2017 Nam 2019
Song Mai Dam (vi tri A) Rach X¢éo Choi (vi tri B)

Hinh 9. Két qua phan tich mat do xay dung trén hanh lang bao vé bd tai khu vuc nghién ctu.

Bang 6. Két qua tinh toan d6 cong dong chay.

Vi tri Chiéudai L (m) Chiéu dai L’ (m) Tis6 L/L’
Séng Méi Dam (A) 2764,63 2629,36 1,05
Rach X¢éo Chdi (B) 685,00 562,15 1,22

3.2. Két qua khdo sdt chuyén gia cho phirong phdp AHP

Trong dot khao sat thir nhat dé xac dinh cac yéu t tac dong manh dén qua trinh sat 16 bo
song, tac gia da khao sat 55 chuyén gia trong linh vyc quan ly, nghién ciu, thiét ke va thi cong
cong trinh thuy loi. Céc chuyén gia dong tinh rat cao vOi sau yéu té duoc dé xuat trong cudc
khao sat va dé dinh lwong mirc do anh huong cia sau yéu to da néu, tac gia di nho cac chuyén
gia cho diém tir 1 dén 6 cho mdi yéu t v6i (1 - anh huong manh nhit va 6 - anh huéng yéu
nhat). Sau do tién hanh tinh tong diém cho timg yéu td, két qua dugc trinh bay trong Bang 7.

Bang 7. Tong hop diém s cua céc yéu t6 khao sat dot 1.

Yéu td Tong diém Mikc dd tic dong
Dia chit 167 1
Hinh thai dong chay sdng, rach 173 2
Luu téc cua dong chay 176 3
Thiy triéu va mua 184 4
Tai trong cdng trinh ven bo 185 5
Giao thdng thuy 196 6

Trén co s cudc khao sat thir nhét, tac gia chon ra bdn yéu t6 dic hiru tic dong dén qua
trinh sat 16 song rach huyén Chau Thanh, tinh Hau Giang la: (1) Dia chat (2) Hinh thai dong
chay; (3) Luu toc cia dong chay; (4) Tai trong ven bo sdng, rach. Yéutd ‘Thuy triéu va mwa”
thay d6i theo mua va lam thay d6i muc nudce trén séng ciing nhu muc nudc ngam trong dat dan
dén sy thay doi gila trang thai bdo hoa va khong bao hoa cua 16p dat trong bién dao dong muc
nude. Sy thay doi trang thai nay keo theo sy suy giam cac chi ti€u co ly duy tri trang thai on
dinh cua mai bo [l] Do d6 yéu té thuy triéu tac dong gian tiép den su 6n dinh cua mai bo
(thong qua thay d6i dia chat) nén khi danh gia trong s6 cho timg yéu td, yéu t6 “Thuy triéu va
mua” da duoc luoc. Tiép theo 1a tién hanh thiét 1ap ma trén so sanh gifra cac yéu t6 da chon
theo phuong phap AHP va tiép tuc nho cac chuyén gia cho diém timg yéu t6 trong ma tran trén.
Két qua khao sat tir 44 chuyén gia di cho ra ma tran so sanh su tac dong cua bdn yéu to di dé
cap trong Bang 8.
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Bang 8. Ma tran cac gié tri khao sat va trong s cuia 4 yéu t6 khao sat.

67

Dia chit Hinhthal | gge | T4 trong Trong sb Phin
dong chay ven bo tram

Dia chat 1,43 2,05 2,04 0,371* 37,1%
Hinhthai | 7, 1,66 1,45 0,271 27.1%
dong chay

Luu tbe 0,49 0,60 1,28 0,187 18,7%
Tai trong 0,49 0,69 0,78 0,171 17,1%

ven bo

*Trong so 16n nhat

Kiém tra tinh nhit quan cta ma trn voi cc gid tri Amax = 4,034; Cl = 0, 011; Ty s6 nhit
quan CR = 0,012 < 0,1, ta c¢6 két qua khao sat dap ung sy nhat quan. Véi trong sb da xac dinh
bén trén ta xac dinh dugc mirc d6 tac dong cua bon yeu td dén qué trinh sat 16 bo song. Dia
chat 1a yéu to tic dong manh nhét téi qua trinh mét 6n dinh méi bo véi trong sé la 37,1%, ké
den hinh thai dong chay hay d6 cong cua con séng dugc danh gia la 27,1%, cudi cung 1a luu
tdc va tai trong vai trong s6 trong dwong nhau lan luot 12 18,7% va 17,1%.

3.3. Phan tich mdt cat long song

Két qua khao st sau mat cit & song Mai Dam trinh bay & Hinh 10 cho thiy MC 1-1 ¢6
chidu rong 16n hon cac mit khac, nguyén nhan do cac md try cau Mai Dam xdy dung sat bd
tao ra cac xody nudc khoét siu vao bd. Nhin chung cac MC ngang ¢ song Mai Dam c¢6 d6 doc
méi kha cao, khi két hop véi tai trong cong trinh ven bo ¢o thé tao ra cung truot sat bd song rat
nguy hiém. Cac doan cong ctia song & MC 3-3 va 4-4 cho thay su bat d6i xing giita hai mai
b song véi mot bd kha thodi va bo con lai ¢ dd déc 16n hon. Tai MC 3-3, b phai ¢6 do dbc
I = 35% trong khi d6 bo trai c6 do dbc 53,75% 16n hon 1,5 14n so véi boy phai. Tuong ty tat MC
4-4 v6i bo trai ¢6 do doc | = 27,69% con bo phai 1a 31%. Do doc cang 16n dan dén sy mét on
dinh tai mai bo d6 cang cao.
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Hinh 10. Mit cit ngang song Mai Dam.
Céc mit cat & rach Xéo Chdi trinh bay ¢ Hinh 11 cho thay MC 2-2 rit bat d6i xtng véi 4
MC con lai. Bo trai cna MC 2-2 ¢6 do doc 1on hon bo phai rat nhiéu (d6 doc 1 = 41,67 % so
v6i 28,52 % tai bo phai) diéu nay lam tang nguy co sat 1& ¢ bo trai MC 2-2.
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Hinh 11. Mat cit ngang rach Xéo Choi.
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3.4. Phan tich vdn toc dong chay va van chuyén bun cat

Biéu d6 luu téc & sdu MC da khao sat & song Mai Dam thé hién trén Hinh 12, c6 thé thy
Iwu toc 16n nhit tap trung & giita dong ngoai trir MC 1-1 va MC 3-3. Trong d6 MC 1-1 ¢6 bbn
tru cdu Mai Dam bét qua gy ra cic xody nudc gan bd. Khi so sanh vi tr luu téc 16n nhét cia
MC 3-3 so v6i MC lan can 1 2-2 va 4-4 ta thdy sy léch tm 1am cho vén toc 16n nhét gan bo
trai MC 3-3 hon.

Tai 4 MC 1-1, 3-3, 4-4 va 5-5 & rach Xéo Choi c6 biéu do luu toc thé hién & Hinh 12 twong
d6i ddi xtng, luu tde 16n nhit tip trung & giita rach. Poan cong & MC 2-2 biéu d6 c6 luu tde
16n nhat l1&ch vé phia bd trai so v6i hai MC gan ké 1a 1-1 va 3-3 lam dong chay gan bo tréi c6
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Hinh 12. Phan b luu téc dong chay tai cac mat cit song Mai Dam.
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Hinh 13. Phan b luu tdc dong chay tai cac mat cat rach Xéo Choi.

Van téc tai thoi diém khao sat van nam trong khoang cho chép dé khong xay ra hién tuong
x6i (Bang 9). Khi so sanh cip phdi hat ¢ hai bdr cua hai MC nhu thé hinh trén Hinh 13, thanh
phan hat trung binh (dso) cua bo trai 16n hon bo phai. Dy co thé do anh hudng cua luu te 16n
léch vé phia bo trai di cudn cac hat ¢6 kich thudc nho di trude, dé lai cac hat co kich thude
16n, qua trinh ndy dién ra lau dai va tao cho mai bo trai c6 d6 dbc hon mai bd phai.
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Hinh 14. Cép phdi hat tai cac & MC c6 do cong lén.

Bang 9. Kich ¢& hat, van téc khdng x6i va van téc thuc do.

Vi tri Mit cat dso (MM)  Vix (M/s) V (m/s)
Séng Mai Dam MC 3-3, b phai 0,046 0,19 - 0,26 <0,20
S6ng Mai Dam MC 3-3, b tréi 0,061 0,26 - 0,40 0,20 - 0,30
Rach X¢éo Chdi MC 2-2, b phai 0,044 0,19 - 0,26 0,10 - 0,20
Rach X¢éo Chdi MC 2-2 bo trai 0,063 0,26 - 0,40 0,10 - 0,20

3.5. Phan tich én dinh bo séng

Két qua tinh toan hé s6 6n dinh FS tai séu MC & song Mai Dam trong bdn truong hop dugce
thé hién trén Hinh 15.

THI1: Mai bo ty nhién khéng ¢ tai trong, hé so on dinh FS dao dong tir 0,91+ 1,26 chirg
t6 tinh chat co 1y dat ctia mai bo rat thap va dang mat 6n dinh du chua chiu thém tac dong nao.

TH2: C6 tai trong nha cap 4 lan xudng 10ng song, h¢ s6 6n dinh bt dau suy giam (FS =
0,72+1,15), cac MC 1-1, 2-2, 3-3 gan nhu mét 6n dinh va cé nguy co sat 16 rat cao.

TH3: Co6 tai trong nha cap 4 ¢ phia trong duong dén sinh, h¢ s6 On dinh ciing tuong tu
TH2 véi (FS = 0,73+ 1,11) xuét hién nhleu treong hop FS < 1,00.

TH4: C6 ca tai trong nha 4 14n xudng long song va & phia trong duong dan sinh hé sd 6n
dinh rat thap (FS = 0,68+ 1,06). Cac mit cat déu c6 FS < 1,00 bo song mat 6n dinh nghiém
trong va nguy co sat 10 rat cao.
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Hinh 15. Hé s6 6n dinh cac mat cat ¢ séng Mai Dam.

Trudng hop ¢ rach Xéo Chdi duoc thé hién trén Hinh 16 cho thay hé s6 on dinh FS cao
hon & séng Mai Dam:

TH1: FS = 1,00+ 1,43 nén bo song twong d6i 6n dinh. Tuy dia chit khu vuc yéu nhung
néu khong chiu bét cur tai trong nao thi tinh 6n dinh cua mai bo van dam bao.
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TH2 va TH3: FS = 0,90 + 1,32 xuét hién nhiéu MC c6 FS < 1,00 tai doan song cong (MC
2-2 va 5-b).

TH4: Hé s6 6n dinh suy giam dang ke (FS=1087+1,18) va da s FS < 1,00 & cac MC,
chimg t6 su tai trong clia cong trinh dén 6n dinh bd song 14 rat 16n.
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Hinh 16. Hé sb 6n dinh cac mat cét & rach Xéo Choi.

Khu vuc rach Xéo Chdi ¢6 hé s6 6n dinh cao hon song Mai Dam, do rach twong d6i hep,
lwu toc khong qué I6n va mai bo khdng doc nhu song Mai Dam. Tuy nhién dudi tac dung cua
tai trong cong trinh ven bo thi he s6 6n dinh déu rat thap, canh bao nguy co sat |6 bo sdng cao
de doa dén cu dan sbng trong cac cong trinh xay dung lan chiém hanh lang bao vé. Tai cac vi
tri dong chay c6 do cong lén nhu MC 3-3 sdng Méai Dam va MC 2-2 rach Xéo Chbi, mai bo ¢c6
d6 dbc 1on hon cac mit cat binh thuong nén hé sé FS nho hon. Biéu ndy cho thay dia chat 1a
mot torng nhitng yéu té cd tac dong manh dén on dinh bd sdng. Tuy nhién, yéu té hinh théi
dong chay cong cua sdng nghién ciru ¢6 kha ning tao ra do doc cho mai bo, dan dén mat on
dinh cuc b6 bo song.

4. Két luan

Mat do xay dung trén hanh lang bao v¢ song, rach con cao (hon 20% dién tich) gay ra ap
luc khéng nhé cho mai bo. Do chua c6 giai phap di doi cac cong trinh dé giam bot nguy co sat
16 cling nhu dam bao an toan cho tai san va tinh mang cua nguoi dan duoc dé xuat. Cac anh vé
tinh Google Earth ¢6 d6 phan glal cao (0 3 x 0,3 m/pixel) c6 thé chiét xuat dugc cac cong trinh
va duong bo song vdi sai sO thap hon rat nhiéu viéc str dung anh Landsat hodc Sentinal. Tuy
nhién cac cong trinh xay dung thép tang cling nhu duong bo song co thé bi cac cdy cao voi tan
rong che khuat dan dén sai 80 trong viée chiét xuat cac thanh phan trong anh. S6 lugng anh
mién phi do Google cung cp tuong ddi it, khong lién tuc nhu hai loai anh vé tinh khac da dé
cap. Bén canh d6 cac anh co6 thé xuit hién may che pha khu vuc nghién ctru dan dén khong
chiét xuat dugc cac ddi tuong can thiét.

Két qua ciia phuong phap AHP két hop khao sat thuc dia dd mang lai cai nhin tong quét
vé& qua trinh sat 10 ciing nhu sy tac dong cta cac yéu t thanh phan trong d6. Tir s6 liéu dia chat
ctia khu vuc d3 thu thap cho thay thanh phan cha yéu 1a dat sét ¢ trang thai bdo hoa véi tinh
chit co 1y kém 1a nguyén nhan chinh gay ra sy méat on dinh véi trong s6 tac dong dugc danh
gia 1a 37,1%. Luu toc 16n nhat cua dong chay tap trung & giita dong tuy nhién tai cac doan dong
chay ubn cong, luu tdc 16n c¢6 xu hudng di chuyén vao phia by (MC 3-3 séng Mai Dém va MC
2-2 rach X¢éo Chdi) 1am x6i 16 10ng song ciing tic dong khong nho dén qua trinh mat 6n dinh.
Céc trong s6 da xac dinh tir phuong phép AHP la co s6 xay dung ban d6 nguy co sat 10 cho
khu vuc nghién ctru dudi su tac dong cua cac yeu t6 da khao sat. Trong nghién ctru nay van tbe
dong chay chi dugc do dac trong thoi gian ngan (ngay 21 va 25/06/2022); do do, can dugc do
dac thém va dic biét trong mua 1i dé xac dinh duoc van tde 16n nhat dé danh gia duogc tac dong
ctia van téc dong chay dén x6i 16 bo séng rach.

Nhin chung hé sb 6n dinh cia mai bd cua khu vuc nghién ctru khéng cao, véi song Mai
Dam 14 rat thap du chua chiu tac dung ciia tai trong ciing ¢ mat 6n dinh (FS < 1,0). Tai rach
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Xéo Choi, mai bor ty nhién hé s6 6n dinh cao hon nhung néu c6 thém cong trinh trén d6 (TH2-
TH4) thi van mat 6n dinh va nguy co sat 16 rat cao.

Pong gop cua tac gia: Xay dung y tuong nghién ciru: T.V.T., D.V.D.; Lua chon phuong phap
nghién cau: T.V.T., D.V.D., L.T.P.; X ly s6 liéu: T.V.T., D.V.D., L.T.P.; Ly miu: D.V.D.,
L.T.P., C.T.H., N.T.A.; Phan tich mau: K.L.; D.V.D., L.T.P.; Viét ban thao bai béo: T.V.T.,
D.V.D., L.T.P.; Chinh stra bai bao: T.V.T., K.L.

Loi cam doan: Tap thé tAc gia cam doan bai bao nay 1a cong trinh nghién ctru cua tap thé tac
gia, chua duoc cong bd & dau, khong duoc sao chép tir nhitng nghién ctru trude ddy; khong co
su tranh chap loi ich trong nhom téc gia.
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Abstract: Riverbank instability not only causes great loss of life and property of residents
living in the erosion area but also causes indirect damage to the environment. There have been
many studies on large rivers such as Tien and Hau rivers to find out the causes of riverbank
instability. In small rivers and canals, the instability of riverbanks still occurs and the damage
caused large damage, but limited studies were investigated for these cases. Therefore, this
study was conducted to analyze the factors affecting the stability of the riverbanks in Mai
Dam river and Xeo Choi canal in Chau Thanh district, Hau Giang province. Google Earth
remote sensing images from 2006 to 2019 were used to assess the current status of riverside
construction and erosion. The Analytic Hierarchy Process (AHP) was used to determine the
impact levels of factors that cause riverbank instability. A field survey was then conducted to
verify AHP results, thereby riverbank stability was calculated. The survey and analysis results
show that geology is the most affecting factor among the factors, and in combination with the
encroaching construction of riversides to protection buffer areas, it creates the surcharge load
reducing the stability coefficient of the riverbank. Besides, the curvature and flow velocity
are also the causes of riverbed erosion and deformation, leading to an increase in the stiff
slope which affects riverbank stability. Research results using the AHP method and field
survey can be extended to other areas in the Mekong Delta to analyze riverbank stability.

Keywords: Remote sensing images; Riverbank instability; AHP; Affecting factors; Hau
Giang.
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Tém tit: An Giang dimng thtr hai trong c4c tinh ving ddng bang séng Ciru Long vé san
luong lrong thuc va nudi ca nudc ngot, & nam 2021 An Giang dong gop 17,03% tong san
lugng lu:ong thuc va 21,82% tong san luong ca nudi vung BDBSCL. Bién ddi khi hau, nugc
bién dang cuing véi cac gia ting phat trién ndng nghiép va thay dién ¢ thuong nguon da lam
anh huong 16n dén dong chay vé dong bang ca mua 1ii va mua kiét nhitng nam gan day. Tur
2003 dén nay, ngoai trir ¢6 1ii 16n & 2011 con lai lién tuc 1a cac nam 1& nho va rat nho. Han
han, thiéu nudc va xam nhap min ngay cang gia tang, dac biét 6 mua khd 2015-2016 va
2019-2020. An Giang la tinh dau nguon dugc xem la cd loi thé hon vé ngudn nudc nén con
it nghién ciru chi ra cac mdi de doa dén san xuét cho tinh. Thong qua viéc stir dung mot sb
phuong phép tinh toan can bang nuéc cho An Giang: (mg dung ciia cac mo hinh mé phong
luu vue IQQM dé tinh nhu cau nuée; img dung moé hinh MIKE 11 dé tinh thaty luc va xam
nhap min; tinh toan chi sb khai thac ngudn nudc, nghién ctru di chi ra viéc st dung nudc
nhu hién nay ¢ cac thang kiét ¢ mure 99,1+187,6 m?®/s da dat dén trang thai bémg/vu’o“t mirc
to1 han 6 ngudng khuyén céo c6 cing thang vé nudc ¢ nim trung binh nudc hay den muc
kha cang thang vé nudc vao thang 2 va thang 3 ¢ nam kiét nudc. Bai bao dua ra mot s6 kién
nghi vé dinh huéng va giai phap dé phat trién nong nghiép bén viing & tinh An Giang.

Tir khoa: Can bang nudc; An Giang; T giac Long Xuyén; Nong nghiép bén viing; Chi sb
khai thac nudce.

1. Giéi thi¢u

An Giang 1a tinh ndm dau ngudn song Ciru Long véi dién tich ty nhién 353.667 ha va
dan s6 1.908.352 ngudi [1], ¢6 dia hinh twong d6i bang phang véi hon 80% dién tich c¢6 cao
d6 mat dat dudi Im+MSL, chi c6 dudi 10% dién tich co cao do 1+2 m+MSL va 10% dién
tich 1a doi nti thudc cac huyén Tri Tén va Tinh Bién, co d6 cao tir 2+700 m+MSL, An Giang
la mot trong 2 tinh ¢6 ndi trén dat lién & Dong bang song Ciru Long (BBSCL). Pit nong
nghiép chiém khoang 79% dién tich cua tinh, dat dai kha trii pha, hing nam dugc phu sa boi
dap tir song Me Cong voi ngudn nude ngot doi dao va didu kién khi hau néng am rat phu hop
cho phat trién ndng nghiép, 1a vua lGa lén thir 2 ddng bang sau Kién Giang, voi téng san
lwong lwong thuc nam 2021 [2] dat duoc 4.143 nghin tan, chiém 17,03% tong san luong
lwong thuc ving ddng bang, 1a tinh dong gop dang ké vao viéc xuét khéu gao ca nudc. An
Giang dang thtr 2 vé san luong c& nudi, san luong ca nam 2021 dat 505.092 tan, chiém
21,82% tng san luong ving dong bang.
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Pong bang song Ctru Long néi chung va An Giang néi riéng da va dang ding trudc
nhitng thach thirc 16n do bién doi khi hau va phat trién nong nghiép va thay dién trén luu vuc
d3 lam thay d6i dong chay vé dong bing ca mua i va mua kiét, lién tuc cac nam i nho tir
sau 2003 dén nay, ngoai trir nam 1 16n 2011, han va xAm nhap man ngdy cang gia tang trén
ddng bang, han man lich sir tré 18n gan hon nhu & 2015-2016 va 2019-2020 gay thiét hai
dang ké cho san xuit trén ddng bang. Riéng ¢ nam han man lich sir 2016, ¢6 dén 9 trén 13
tinh thanh ving ddng bang cdng bé thién tai han man, téng thiét hai & nim 2016 1én dén
7.900 ty dong [3], An Giang may man hon chwa dén mic phai cong bé thién tai & nam nay.
Mac du vdy, da c6 nhitng trudng hop myc nude trén cac kénh rach xudng thap kém theo ning
nong, gay kho khin cong tac bom tudi, anh huéng dén san xuat noéng nghiép ¢ cac huyén
viing ndi Tri Tén, Tinh Bién va & cac ving dat gd cao thudc ving dong bing & cac huyén An
Phi, Phti Tan, Chau Ddc, Tan Chau. Pa co nhting hién tugng ca chét hang loat 1én dén hang
tram tAn & An Giang nam 2016 [4] va 2022 [5], day dugc xem 1a nhitng van dé dang lo ngai
nguon nuéc cho phét trién bén viing & An Giang. Dé chu dong tmg pho voi nhitng tac dong
bat loi, mot mat tinh d thyc hién nhiéu bién phap, nhu chuyen d6i co cdu cay trong, phat
trlen thuy loi, qui hoach thuy loi va sur dung dat. Tuy nhién vé lau dai dé dam bao cho san
xuit bén virng rat can c6 cac nghién ctru danh gia sdu vé can bang nude cho An Giang dé chi
ra cac nguy co néu co.

“Ichugiai i

+  Trung tdm huyén, thi
. —== Ranh giéi tinh
[ Ranh gi6i huyén thi

Keénh rach chinh

Giao théng
I s6ng Mé Cong
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W - Low 0139023

0
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Hinh 1. Ban db vi tri dia ly va dia hinh tinh An Giang

Nhitng nghién ctru gan day [6-16] da chi ra cac mdi de doa dén sy dam bao vé ngudn
nudce cho san xuat 6n dinh trén dong bang: dong chay mua kiét thay d6i trai qui luat tu nhién,
han min dén sém hon den ca thang [11, 14] 1am anh dén san xuét on dinh trén dong, lam gia
tang xAm nhdp min; tan suat tro lai ciia cac ndm han man lich sir gan hon; xu thé Iii giam,
phu sa giam va gia tdng x0i 16 cac bo séng kénh rach [12, 14-16]. Tuy nhién, cac nghién ctru
thuong dua ra moi lo ngai chung cho ddng bang va rd rét hon cho cdc tinh, dia phuong ven
bién bj anh huéng ning né do cac tic dong ctia thuong ngudn va nude bién dang. Co thé do
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vi tri dia 1y 1a tinh ¢au ngudn nén An Giang dugc coi 1a ¢6 thuan loi hon vé ngudn nudc so
v6i cac tinh khac trén dong bang va nhu vay thuong it duoc quan tim siu, nén chua chi ra
cac moi de doa cu thé hay sy mét cin béng nude déi véi tinh.

La tinh c6 dong gop & vi tri thtr nhét, thir nhi vé cac san luong rau mau, lua gao va thuy
san so voi cac tinh ving dong bang, do d6 dam bao an toan cho san xudt bén viing & An
Giang 1a rit quan trong, chinh vi vAy nghién ctru nay sir dung nhiéu phuong phap tinh toén
can bang nudc cho An Giang, v6i tng dung cta cac md hinh mé phong luu vie IQQM dé
tinh nhu cau nudc va img dung m6 hinh MIKE 11 dé tinh thuy luc va xAm nhap min, két hop
v6i tinh toan chi s6 khai thac nguon nude (Water Exploitation Index — WEI) duge Co quan
moi truong Chau Au str dung dé chi ra dugc cac nguy co thleu nudce ¢ thé lam anh huong
dén su phat trlen bén vitng trong vung va tur do kién nghi mét sb dinh hudng va giai phap dé
dam bao phat trién nong nghiép bén vitng ¢ tinh An Giang.

2. S6 liéu va phwong phap nghién ciru
2.1. 86 liéu chinh phuc vu nghién civu

2.1.2. S6 li¢u vé dan s0, hién trang san xuat va chan nuoi

Nghién ctru da thu thap, téng hop cac s6 liéu vé dan sd, cac hoat dong san xuét va chan
nudi, thily san va dién tich cac cdy trong chinh tinh An Giang va viing phu cén thudc T Giac
Long Xuyén (TG LX) Trong d6 dién tich néng nghiép dugc xem la quan trong nhét béi né
sir dung nude nhiéu nhat. Nghién ctru lay ndm 2020 14 nam nén dé tinh nhu cu nudc ¢ hién

tai, dan s va dién tich san xuit duoc str dung & ndm ndy duoc cap nhat theo nién giam thong
ké 2020 [17].

Bang 1. Tong hop dién tich san xuit mot sb loai cdy trong chinh tinh An Giang nam 2020 (Pon vi: ha).

Huyén /Thi Dién tich Lua Tong Cay hang Cay lau
trin Pong xuin Heé Thu Thu Pong DT Lua nam nam
Long Xuyén 5.165 4.902 4.954,6  15.021,6 785 1.015,9
Chau Ddc 6.741 6.566 4.761,1  18.068,1 4293 775,3
An Phi 15.533 13.857 4.658,9  34.048,9 6.150 1.400,1
Tan Chau 10.773 10.699 5.648,6  27.120,6 6.380 1.620,8
Ph( Tan 24.855 23.855 9.354,8  58.064,8 4601,1 870,9
Chéu Phu 33.945 31.529 25.797,4  91.271,4 5.723,5 1.200,3
Tinh Bién 16.938 16.974 29.173,8  63.085,8 5.307 2.474,1
Tri Ton 40.822 42.479 37.052,1 120.353,1 2041,4 1.229,4
Chau Thanh 26.055 28.056 14.277,7  68.388,7 1979,2 1.136,3
Cho Méi 14.119 12.760 12.057,1  38.936,1 16.240 6.330,3
Thoai Son 38.727 38.586 15.327,9  92.640,9 663,5 1.146,6
Téng 233.673 230.263 163.064  627.000 50.300 19.200

2.1.2 S6 lidu vé khi twong va thuy vin

Dé tinh toan nhu cau nudc, nghién ciru di thu thap va cap nhat cac sb liéu khi twong,
mua va bdc hoi tir 1985 dén 2020 véi cac tram KTTV thudc An Giang vavung TGLX: Long
Xuyén, Chau Pdc, Chg Méi, Tan Chéu, Rach Gia va Ha Tién; cac s6 liéu thity van 1a luu
luong dong chay séng Mé Cong vé PBSCL qua Tan Chau va Chau Ddc tir 1980 dén 2020.

C6 95% ngudn nude dén ving PBSCL 1a ngudn nude dén tir luu vuc song Mé Cong
(SMC) nam ngoai lanh thd Viét Nam, chi ¢6 5% luong nude dong gop tir mua ndi ving trén
ddng bang. Chinh vi vay ngudn nudc dén tir SMC 1a rat quan trong. Nhitng nim gan day do
tac dong cia thuy dién ¢ thugng ngudn lam dong chay ca mua Iii va mua kiét da thay doi
dang ké, chudi so6 lidu lich sir vé thuy van truée nam 2010 duoc xem nhu khong con phan
anh dung thuc té dén hién tai va twong lai [12-14]. Chinh vi vdy, nghién ctru st dung chudi
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s6 lidu thyc do tir 2011 dén nay 1am co s& dé danh gia cn bang nudc cho An Giang ndi riéng
va vung TGLX noéi chung, noi ¢6 anh hudng truc ti€p lan nhau. Tong hop luu lugng vé
DBSCL gop chung va qua riéng ¢ Chau Boc dugce dua ra & Bang 2 va Bang 3 dudi day.
Bang 21. Tong Luu lwong dong chay séng Mé Cong vé PBSCL (téng ¢ Tan Chau va Chau Déc)
(Bon vi: m¥s).
Thang\Nam 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
1 6.387 9.773 5795 9990 6.803 4297 8336 8241 7.304 3.993

2 3.800 6.372 3.708 6.325 4532 3435 5236 5576 4.716 2.489
3 2971 4585 3.088 4.884 3430 2.681 4.820 4.056 5.247 2.265
4 3.147  3.607 2799 4.607 4243 3,511 5285 4494 5152 2.663
5 4601 4309 4406 4.899 4267 339 7.129 6.292 5246 3.157
6 9.640 9.292 7271 8590 5301 5741 12915 11.272 7.224
7 18.622 14.616 13.736 18.774 9.773 14103 18.730 19.124 8.036
8 25.854 20.004 23.652 27.131 19.065 16.664 24.994 29.774 17.200
9 28913 24450 25731 24.841 20.313 21.406 24.940 31.553 28.424
10 31.023 22.159 28.678 22.396 18.893 23.266 24.263 24.804 19.185
11 23.843 14966 22.063 16.521 11585 18.740 19.564 16.030 10.110

12 15.737 9.789 15.165 10.888 6.758 13.275 13.669 9.972 6.167
Trung binh 14552 11.993 13.008 13.321 9.580 10.876 14.157 14.266 10.334

Bang 3. Luu luong dong chay binh quan thang qua Chau Ddc (Pon vi: m3/s).
Thang\Nam 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

1 1.016 1811 923 1621 1.031 697 1.260 1.164 967 512
2 599 1.056 577 951 641 520 761 750 616 353
3 468 664 459 712 495 397 638 497 626 317
4 503 564 446 684 605 474 714 572 610 357
5 705 662 668 736 597 478 964 782 637 407
6 1.457 1410 1.039 1.340 771 824 1.928 1.532 906
7 3.352 2423 2197 3342 1514 2174 3152 3.029 1.012
8 5466 3.735 4.605 5729 3453 2880 5103 6.228 2.244
9 6.937 5181 5497 5350 3924 4.076 5219 6.905 5.330
10 7.880 4.836 6.695 5.045 3483 4720 4967 4916 3.324
11 5.629 2746 4.809 3.141 2.061 3.740 3416 2.695 1.490

12 3.182 1581 2752 1806 1.105 2238 2142 1437 816
Trung binh 3100 2.222 2555 2538 1.640 1935 2522 2542 1548

2.2. Phuwong phap nghién curu
2.2.1 Phuong phép mg dung mé hinh mé phéong luu vie IQQM dé tinh nhu cau nudce

An Giang 1a tinh dau ngué)n khu vuc DBSCL lai c6 mdi lién hé chit ché véi cac tinh va
vung phu can thudce khu vuc TGLX vi vay viéc tinh toan can béng nudc tinh An Giang can
xem xét trong tong thé ngudn nudc dén va nudc ding & ving TGLX ndi chung va An Giang
no6i riéng. Nghién ctru tng dung mé hinh IQQM d¢é tinh nhu cau nudc ving TGLX va tinh
An Giang, goi 1a md hinh IQQM-TGLX. Dién tich san xuat va thdi vu san xuit theo cic vu
mua dugc cip nhat tinh toan theo céc tiéu vung thuy loi Gng voi diéu kién san xuit & nim
2020.

IQQM dugc phat trién boi NSW Uc [18], 1a m6 hinh mé phong luu vuc, tinh toan can
béng nude va s dung nude. M6 hinh duge ing dung dé mo phong tac dong cua cac kich ban
phat trién trén luu vire nhu: gia tang phat trién nong nghiép, chuyén nuéc luu vue, phat trién
thily dién, nong nghiép, t6 hop kich ban phat trién nong nghiép va thuy dién, van hanh thuy
dién. IQQM dugc ng dyng ¢ luu vye SMC tir nam 2000 dén nay dé tinh toan anh huong
ctia cac kich ban phat trién trén luu vuc SMC dén dong chay luu vuc xuong ha lvu. Trong
nghién ctru nay IQQM duoc tmg dung dé tinh nhu ciu nudc ung voi diéu kién san xuat &
2020 va khi tuong thuy van thay doi tir 1985 dén 2020.



Tap chi Khi twong Thiiy vin 2022, 740, 74-87; doi:10.36335/VNJHM.2022(740).74-87 78

e 3
(7109, 5

Tiéu vung thuy loi B
ving TGLX

Hinh 2. M6 hinh IQQM-TGLX tinh nhu cau nuéc ving An Giang va ving Tt Giac Long Xuyén.

2.2.2. Phuong phép tmg dung mé hinh thuy lyc va xam nhip mén dé tinh can bing nudc,
kha ndng ddm bao ngudn nudc

Dé danh gia kha nang dam bao nudc cho An Giang, nghién ctru ké thira mo hinh MIKE1 1
dé tinh thiy lyc va xdm nhap man ¢ vuing DPBSCL ¢ Vién Khoa hoc thuy lgi mién Nam, goi
A MIKE11-DB. Minh hoa mé hinh MIKE11-DB duoc thé hién trén Hinh 3. Céc bién chinh
cho mé hinh bao gém bién luu luong tai Kratie, khu vuc hd Tonle sap, Sai Gon-Pong Nai,
cac bién muc nudc 1a triéu bién va bién tudi 1a két qua lay tir mo hinh IQQM.

Mo hinh da xét dén hau hét cac yéu t6 anh hudng co thé do 1iy nudc, van hanh hé thong
cong trinh, cac thuc té dé bao, b bao, cdng ngidn min va van hanh thyc t& hé théng cong
trinh. M6 hinh duoc hiéu chinh, kiém dinh dam bao do tin cdy. Mo hinh da trng dung trong
nhiéu nghién curu lién quan, dong chay i, dong chay ki¢t va xdm nhap man va phuc vu du
bao man [11-14], [19]. M0 hinh c¢6 kha nang m6 phong tin cdy dong thai man PBSCL va
c6 thé str dung dé xem xét, danh gia cdc phuong én thay doi ha ting va diéu kién khi tuong,
thiy van den lii va xAm nhap man trén dong bang, cling nhu mé phong tac dong cua cac kich
ban phat trién thuong luu tir két qua danh gia thay d6i vé luu lugng vé Kratie. Trong nghién
ctru nay mo hinh dugc mé phong kiém tra d4nh gia kha nang ngudn nudc vé cc ving trén
hé thong song kénh rach & An Giang ¢ hién tai va kha ndng anh hudéng xam nhdp man dén
An Giang ung véi tan xuat trd lai P85% dén 2030 va 2050 c6 xét dén anh hudng cua bién
d6i khi hau, nuéc bién dang va dat lan. Tom tit cac diéu kién dau vao & mé hinh theo cac
kich ban tinh todn dugc dua ra & Bang 4 va Bang 5.

Bang 4. Tong hop céac thdng sb phat trién trén luu vuc Mé Cong theo cac kich ban dén 2030-2050.

Phat trién HO chira, ho Nuwdc W kratie  Hath ép long

Kich ban noéng nghi¢p  thiy dién bién AT x Ghi cha
(tricuha)  (Whi—tym?%) dang i€t (ty m’) dan
Qp85_%020 5.8 65 Hién 64.7 Dia hinh hién
(KB nén) nay nay
Soéng Tién—  Gia thiét
Qp85_2030 6,32 72,7 14 67,1 1m, Séng IUn khéng
Hau —0,7m déu
Soéng Tién—  Gia thiét
Qp85_2050 6,91 104,3 28 78,4 2,4m,Séng  lun khong

Hau -1,8m deu
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Ghi chu:

- Cac sb liéu vé phat trién nong nghiép va thuy dién duoc tong hop tir ngudn tai lidu cua
MRC qua cac nghién ctru [11-14, 19-22], nuéc bién dang theo kich ban qudc gia & 2020 [7]
va ha thap long dan theo tham khao [23].

- Qp85-2020: 14 luru lwong tng vé6i tan sudt 85% & didu kién nhu hién nay dén nam 2020,
d3 bi anh huéng cta cac hd chira trén luu vuc v6i tong dung tich 65 ty m°.

- Qp85-2030: 1a luu lwong tmg véi tan suit 85% & diéu kién qui hoach dén 2030, d3 bi
anh hudng cta cac ho chira trén luu vuce véi tong dung tich 72,7 ty m°.

- Qp85-2050: 1a luu lwong tmg véi tan suit 85% & diéu kién qui hoach dén 2050, d3 bi
anh hudng cta cac ho chira trén luu vuce vé6i tong dung tich 104,3 ty m®.
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Hinh 3. M6 hinh MIKE11-DB tinh thiy luc va xdm nhip man ¢ PBSCL.
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Luu lugng binh quan cac thang mua kiét tai Kratie theo cac kich ban tinh toan ¢ hién tai
va tuong lai dén 2030 va 2050 dugc dua ra & Bang 5.

Bang 5. Luu luong tai Kratie tng véi P85% & hién tai 2020 va theo cac kich ban dén nam 2030 va

2050.
Thang Qp85-2020 Qp85_2030 Qp85_2050
12 4,720 4,896 5,168
1 3,619 3,754 4,284
2 2,924 3,033 3,492
3 2,940 3,050 3,688
4 3,619 3,754 3,809
5 3,635 3771 4,216

2.2.3. Phuong phap so sanh ddi chirng dua vao chi sé khai thac ngudn nuée

Song song v6i phuong phap tinh toan thiy luc va xdm nhap man dé danh gia kha ning
dam bao nudc theo kha ning 1ay nude va xdm nhap man nghién ctru con tinh toan cén bang
nuéc dya trén chi sé khai thac ngudn nuéc WEI (The Water Exploitation Index) dugc Co
quan mdi truong Chau Au sir dung [24]. Chi s6 khai thac ngudn nude duoc tinh bang ty 18
gura luong nude dung so voi tiém nang nguon nuéc kha dung. Theo khuyén cao cua Co quan
moi trudng Chau Au, chi s6 khai thac ngudn nuée duge danh gia nhu sau: <10%: khong cing
thang vé nudc; 10-20%: dudi mirc cing thang vé nudc; 20-40%: cang thang vé nudc; > 40%:
kha cing thang vé nudc.

An Giang 14 tinh ddu ngudn khu vuc DBSCL lai ¢6 mbi lién hé chat ch& voi cac tinh va
vung phu can thudc khu vuc TGLX vi clng st dung chung ngudn nudc den truc tlep tur sOng
Hau. Vi vay c4n bang nuéc tinh An Giang c6 moi lién hé chat ché voi ngudn nude vé DBSCL
n6i chung va dic biét 1a ngudn nudc vé qua Chau Pdc. Nghién ctru tinh toan chi sé khai thac
ngudn nude tinh An Giang va ving TGLX théng qua nhu cau nudc ctia tinh va ving TGLX
s0 voi ngudn nude dén qua Chau Péc va tong nguon nude vé PBSCL ung voi cac diéu kién
nam nhiéu nudc, trung binh nudce va kiét nudc duge xac dinh tir chudi s6 liéu thue do, chudi
s6 lidu luu lugng vé dong bang tir 2011 dén 2020 duogc sir dung. Luu lwong thang kiét nhat
giai doan 2011-2020 con lon hon nhiéu s0 voOi luu lugng ng voi tan suat 85% giai doan
truée 2010. Do chudi sé liéu méi con ngin (2011-2020), nghién ctru nay khong phan cap
nam nhiéu, trung binh hay it nuéc theo tinh tin suat luu luong ma phan cap theo s0 liéu thuc
té, cu thé: dong chay nam nhiéu nudc 1a ndm co cac thang nhicu nudc nhat trong chudi 2011—
2020; nam trung binh nudc 1a nam c6 luu lwong céc thang bang trung binh luu lugng clia cac
thang twong tng; va nam kiét nudc 12 ndm co luu luong bang cac thang kiét nhat twong tng
trong giai doan 2011-2020.

3. Két qua tinh can bﬁng‘nu’é’c va mt s6 kién nghi dinh huéng va giai phap phuc vu
phat trién nong nghiép bén virng vung An Giang

3.1. Nhu cau sir dung nuwée & An Giang va ving TGLX.

Tinh nhu cau nuéce voi diu kién phat trién san xuat ndm 2020 cho ting tiéu ving thiy
loi tmg v6i diéu kién khi tuong thity vian khac nhau tir 1985 dén 2020. Tong hop két qua phan
tich tinh toan nhu cau nuéc thang 16n nhét, trung binh va tmg vai tan suat P85% tng véi giai
doan 1985-2020 cho An Giang va vung TGLX dugc trinh bay trong Bang 6.

Bang 6. Nhu cdu nudc (m3/s) & An Giang va viing TGLX ¢ diéu kién san xuat nam 2020.

Nhu ciu nuéc tinh An Giang (m®%/s) Nhu ciu nuée ving TGLX (m¥/s)
Thang Max  Thang TB P85% Thang Max  Thang TB P85%
1 179,2 157,3 170,5 303,8 266,6 288,9

Théng
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Nhu ciu nuéc tinh An Giang (m%/s)

Nhu ciu nuéc ving TGLX (m¥/s)

Thang g Max  Thang TB P85%  Thang Max  Thang TB P85%
2 1891 1752 187,6 320,6 297,0 317,9
3 171,2 132,9 154,4 290,2 2252 261,6
4 1215 775 99,1 205,9 131,3 167,9
5 179,2 98,6 142,1 303,6 167,1 240,9
6 122,4 43,7 67,0 207,4 74,0 1135
7 89,3 24,6 50,2 151,4 41,8 85,1
8 155 6,5 15,0 25,0 7,9 18,3
9 10,3 4,1 8,0 16,7 5,0 9,7
10 8,9 2,3 3,2 14,4 2,8 3,9
11 11,1 4,1 6,8 17,9 5,0 8,3
12 60,4 46,3 58,3 86,4 66,1 83,3
TB thang 96,5 64,4 80,2 161,9 107,5 1333

Két qua tinh todn cho thdy nhu ciu nudc nhu cau nudc thay ddi kha 16n theo cac nim
phu thuge vao didu kién khi tuong, nam mua nhiéu nhu cau nudc gidm va nim mua it nhu
cau nudc ting. Nhu cdu nude binh quan thang 16n nhit, nim trung blnh va tng vé6i tan suét
85% & An Giang lan luot 13 96,5 m®/s 64,4 m®s va 80,2 m%/s va nhu cau nude ving TGLX
13 161,9 m3/s 107,5 m3/s va 133,3 m3/s. Nhu ciu nudc tap trung cao vao mua kho, nhu ciu
nudc thang cao nhat & tinh An Giang va ving TGLX tmg véi P85% lan luot 1 187,6 m®/s va
317,9 m%s. Nhu cau nudc mua mua la khong déng ké, chii yéu nude cho sinh hoat va dan
sinh.

3.2. Tinh cdn bang nuée theo phdn tich thity vin va tinh todn thiy lyc.

Két qua tinh toan thuy luc tng véi cac kich ban voi tan suat P85% cho thay tiém ning
luu luong binh quan theo cac nhanh song kénh truc tir Song Hau vao vung TGLX 1a 16n hon
nhiéu so v6i nhu cau nude ving TGLX néi chung va tinh An Giang n6i riéng, tong luu luong
binh quan chay vao qua 9 nhanh song kénh rach chinh tir Vinh Té dén Céi San & thang kiét
cling dat hon 500 m%s 1a 16n hon nhiéu so véi nhu cau nudc trong ving. Mit khac khi luu
luong bom hit tudi ting thi tong lugng nudc co thé chay vao s& cang 16n hon. Vi vy c6 thé
xem nhu An Giang khong thiéu vé tong lugng nude nhu cac nghién ctru di c6 chi ra.

Nghién ciru xem xét dén kha nang anh huong dén ngudn nudc qua tinh todn du bao xam
nhp mén {mg véi kich ban nén véi Qp85_2020 va tmg véi diéu kién 2030 (Qp85_2030) va
2050 (Qp85 2050) c6 xét dén anh hudng cua phat trién thuong luu va ha thap long dan nhu
tom tat dua ra & Bang 4, luu luong tai Kratie theo cac kich ban véi tan suat P85% duoc dua
ra & Bang 5. Két qua phan tich chiéu sau xAm nhap min cac cira séng chinh duoc dwa ra ¢
Bang 7, theo d6, trén nhanh song Hau man 1g/1 co thé vao sau 77,4 km & diéu kién hién tai,
79,2 km & 2030 va 81,1km ¢ 2050. Nhu véy co6 thé thdy An Giang kha an toan v6i nhiém
man. Chua théy mbi de doa nao dén xam nhap man ngoai trur viéc léy man nuoi thuy san ¢
Kién Giang thiéu kiém soat c6 thé gdy nhiém min cuc bd sang An Giang.

Bang 7. Chiéu sdu xdm nhap man theo c4c cira song chinh ving PBSCL & diéu kién hién tai va dén
niam 2030, ndm 2050 c6 xét dén ha thap long dan (Pon vi: km).

Man ung véi kich ban Man wng véi kich ban Man wng véi kich ban

Tén nhénh Nén 2020 — P85% 2020 2030 — P85% 2030 2050 — P85% 2050
4g/1 29/l 1g/l 4g/1 29/l 1g/l 4g/1 29/l 19/l
Séng Tién 52 59,5 74,7 55,5 79 83 62,5 81 87
Ham ludng 65,9 72 75,4 68,2 TT TT 68,8 TT TT
C6 chién 51,6 57,4 71 53,8 64 72 56,5 66,6 73
Soéng Hau 55,8 65,7 77,4 57,8 68,2 79,2 61,4 70,6 81,1
Vam co 94,2 108,3 119,41  100,9 120,7 1248 103,6 1241 129,22

*Ghi cha: TT: 14 toan tuyén, man xam nhép cé tuyén song Ham Ludng.
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Nguoc lai v6i xu thé gia ting dong chay binh quan mua kiét, do tac dong diéu tiét cia
cac thuy dién ¢ thuong nguon, nghién ctru lién quan [14] da chi ra mirc d6 li giam do anh
hudng cua cac thuy dién ¢ thuong nguon tai Tan Chau ¢ Bang 8.

Bang 8. Mtrc d6 giam muc nude dinh i tai Tan Chau theo céc kich ban (Pon vi: m).

Nam & Kich Lii l6m Nam Li TB Nam twong  Lii nhé Nim fwong n
ban 2000  twongimg 1999 {ing 1998 gung
BLOO 5,06 2000 4,18 1999 2,81 1998
C20 4,68 1991 3,80 2008 2,43 ~ MN Max binh
quin ¢ Thang 12
KH40 4,46 1994 3,58 1992 2,21 ~ MNMax BQ
Th.12
TLQH 4,34 2005 3,46 2017 2,09 > MNMax BQ
Th.6
TLQH+RCP6.0 4,72 2001 3,84 2014 2,47 2015
C20+RCP4.5 4,87 1996 3,99 2003 2,62 ~ MNMax BQ
Th.7

Ghi cha: BLOO: thiy dién trén luu vuc & diéu kién nam 2000; C20: thiy dién trén luu vuc & didu kién
2020; KH40: thuy dién trén luu vuc ké hoach dén 2040; TLQH: thuy dién trén luu vuc & tuong lai qui hoach,
du kién 2060; TLQH+RCP6.0: thuy dién trén luu vuc & twong lai qui hoach két hop bién ddi khi hau theo kich
ban RCP 6.0; C20+RCP4.5: thily dién trén luu vuce ¢ tuong lai qui hoach két hop bién d6i khi hau theo kich ban
RCP 4.5.

Két qua cho théy, gia thiét 1ap lai tran 14 16n lich sir nhu da x4y ra & nam 2000 thi anh
huong do cac thuy dién nhu kich ban C20 va KH40 muc nudc 10n nhét tai Tan Chau chi con
khoang 4,68m va 4,46m. Gia thiét 1ap lai tran 10 trung binh nhu da xay ra & nam 1999 thi anh
huong do cac thuy dién nhu kich ban C20 va KH40 muc nudc 16n nhét tai Tan Chau chi con
khoang 3,8 m va 3,58m. Tuong tu, 13p lai tran 1 nhd nhu da xdy ra & ndm 1998 thi 4nh hudng
do cac thuy dién nhu kich ban C20 va KH40 muc nudc 16n nhat tai Tan Chau chi con khoang
2,43m va 2,21m, khi d6 xem nhu khong con 1t vi myc nude 16n nhat trong ndm chi tuong
duong m&i myc nudc 16n nhat binh quan & thang 12.

3.3. Danh gid cin bang nudc ¢ An Giang va ving TGLX qua chi s6 khai théc nguon niée.

Danh gia can bang nuéc qua chi s6 khai thac ngudn nudc ¢ An Giang va vung TGLX.
Chi so khai thac nguén nudc duge tinh bang ty s giita nhu cau nudc (Bang 6) véi mirc dam
béo tan suat P85% so voi diéu kién ngudn nude & cac nim nhiéu nude, nim trung binh nude
va nam kiét nudc, két qua tinh toan dugc duara ¢ céc bang 9, 10 vall. So sanh danh gia cho
3 trudng hop: 1) nhu cau nude ca ving TGLX s0 véi tong ngudn nude vé PBSCL & cot 6; II)
nhu céu nudce ca viung TGLX so voi nguon nude vé qua Chau Déc ¢ cot 7; va iii) nhu cau
nudc tinh An Giang So voi nguon nudce vé qua Chau Péc ¢ cot 8.

Két qua tinh toan cho thay, img voi diéu kién nam nhiéu nudc (Bang 9), s dung nudce
ca vung TGLX duoc xem 1a con rat an toan so véi tlem nang nguon nude vé dong bang khi
ma nhu cau nudc thang lon nhit & mirc 5% so véi tiém nang ngudn nudc. So sanh doc lap
v6i ngudn nude dén tir song Hau qua Chau Pdc thi cac thang sir dung nude 16n nhat 1a Thang
2 va Thang 3 chi sb sir dung nudc da dat t6i 30,1% dén 36,7%, vuot qua 30% ddi voi ving
TGLX duoc xem 13 ¢ mirc ¢6 cing thang vé nude, tuy nhién so véi sit dung nude & An Giang
thi ty 1& ding nudc nay con & ngudng an toan, thang 1on nhit mai dat 21,7%.

Bing 9. So sanh nhu cau nudc ¢ diéu kién ndm 2020 ving TGLX va tinh An Giang so voi tiém néng

nguon nudc vé DPBSCL va qua song Hau tai Chau Boc ing véi nam nhiéu nudc.

Luulwgngvé  Qvé qua % NCN % NCN % NCN
M A DX NCN- NCN_ AG- r
Thang ~ PBSCLndm — ChauBde 1) 5 o, 20 ToLXg0  TGLX%0  AG sovi
nhiéu nuéc nam nhiéu (m¥s) (m¥s) v6i nguon v0i nguon nguon
(m3/s) nuéc (m°/s) vé PBSCL Chau Poc Chéu Doc
1 9.990 1.811 288,9 170,5 2,9 16,0 9,4

2 6.372 1.056 317,9 187,6 5,0 30,1 17,8
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Luwu lwgng vé vé qua % NCN % NCN % NCN
Tha PBSCL mam (?hﬁu Dhc NCN- — NCN_AG- 151 xso  TGLXso  AGsovéi
ang A , - Y TGLX-20 20 L. A L. A A
nhiéu nuéc nim nhiéu (m?s) (ms) v6i nguon v6i nguon nguon
(m3/s) nuéc (m/s) ve PBSCL Chéu Poc Chéu Poc
3 5.247 712 261,6 1544 50 36,7 21,7
4 5.285 714 167,9 99,1 3,2 23,5 13,9
5 7.129 964 240,9 1421 3,4 25,0 14,7
6 12.915 1.928 1135 67,0 0,9 59 3,5
7 19.124 3.352 85,1 50,2 0,4 2,5 15
8 29.774 6.228 18,3 15,0 0,1 0,3 0,2
9 31.553 6.937 9,7 8,0 0,0 0,1 0,1
10 31.023 7.880 39 3,2 0,0 0,0 0,0
11 23.843 5.629 8,3 6,8 0,0 0,1 0,1
12 15.737 3.182 83,3 58,3 0,5 2,6 1,8
Trung binh 14.552 3.100 133,3 80,2 0,9 4,3 2,6

Ung véi diéu kién ndm trung binh nudc (Bang 10), sir dung nuée ca vung TGLX chi nho
hon 6,9% so voi tiém nang nguén nudce vé dong bang, dugc xem 13 van rat an toan. So sanh
doc 1ap véi ngudn nude dén tir song Hau qua Chau Déc thi cac thang mua kho tir thang 1 dén
thang 5 chi s6 str dung nudc dao dong trong khoang tir 26,3% dén 49,6%, duoc xem 1a mat
an toan, nguy co cao voi vung TGLX. Sur dung nudc riéng 6 An Giang thi da dat den ngudng
khuyén cdo ¢ cang thang vé nudc, chi sé sir dung nudc tir 27,5% dén 29,3% ngudn nudc &
cac thang 2 va 3.

Bang 10. So sénh nhu cau nudc ¢ dieu kién nam 2020 ving TGLX va tinh An Giang so véi tiem

nang nguon nudc vé DPBSCL va qua song Hau tai Chau Péc ing véi ndm trung binh nudc.

Luulwongvé Qvéqua  NCN- NCN % NCN % NCN % NCN
. PBSCL nim  ChiuPéc  TGLX- ~ TGLX so TGLXso  AG so véi
Thang N o AG-20 » N s N 2
trung binh nim TB 20 (m3/s) v6i nguon v6i nguon nguon
nuée (m3/s)  nuwée (M3/s)  (m¥s) vé PBSCL Chau Péc  Chau Péc
1 7.092 1.100 288,9 170,5 4,1 26,3 15,5
2 4.628 682 317,9 187,6 6,9 46,6 27,5
3 3.803 527 261,6 154,4 6,9 49,6 29,3
4 3.951 553 167,9 99,1 4,3 30,4 17,9
5 4.770 664 240,9 142,1 51 36,3 21,4
6 8.583 1.245 113,5 67,0 1,3 9,1 54
7 15.057 2.466 85,1 50,2 0,6 3,5 2,0
8 22.704 4.382 18,3 15,0 0,1 0,4 0,3
9 25.619 5.380 9,7 8,0 0,0 0,2 0,1
10 23.852 5.096 3,9 3,2 0,0 0,1 0,1
11 17.047 3.303 8,3 6,8 0,0 0,2 0,2
12 11.269 1.895 83,3 58,3 0,7 4,4 31
Trung binh 11.500 2.099 133,3 80,2 1,2 6,3 3,8

Ung voi dleu kién nam kiét nu6e (Bang 11), st dung nude ca vung TGLX chi nho hon
12,8% so vdi tiém nang ngudn nude vé dong bang duogc xem 13 van rat an toan. So sanh doc
1ap v6i ngudn nude vé Song Hau qua Chau Pdc thi cac thang mua kho tir thang 1 dén thang
5 chi s6 sir dung nuéc dao dong trong khoang tir 47,0% dén 90,0%, dugc xem 1a rit mét an
toan, nguy co cao véi vung TGLX. So v6i st dung nude & An Giang dao dong trong khoang
27,7% dén 53,1% duogc xem la di vuot ngudng an toan dén muc kha cang théng vé nudc &
thang 2 va thang 3.
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Bang 11. So séanh nhu ciu nuéc & didu kién nam 2020 ving TGLX va tinh An Giang so véi tiém
nang nguon nudc vé DPBSCL va qua song Hau tai Chau Béc tng véi nam Kiét nuéec.

Luu lugng Qvé qua NCN- NCN % NCN % NCN % NCN An
Than vé PBSCL Chauboc TGLX- AG-20 TGLX so TGLX so Giang so véi
g o . PN - A - A N N
nam kiét nam kiét 20 (m¥s) v0i nguon v0i nguon nguoanhau
nuée (m®/s)  nwée (m®s)  (m¥fs) vé PBSCL Chéu Poc Doc
1 3.993 512 288,9 170,5 7,2 56,4 33,3
2 2.489 353 3179 1876 12,8 90,0 53,1
3 2.265 317 261,6 154,4 11,6 82,6 48,7
4 2.663 357 167,9 99,1 6,3 47,0 27,7
5 3.157 407 240,9 142,1 7,6 59,2 35,0
6 5.301 771 113,5 67,0 2,1 14,7 8,7
7 8.036 1.012 85,1 50,2 1,1 8,4 5,0
8 16.664 2.244 18,3 15,0 0,1 0,8 0,7
9 20.313 3.924 9,7 8,0 0,0 0,2 0,2
10 18.893 3.324 39 3,2 0,0 0,1 0,1
11 10.110 1.490 8,3 6,8 0,1 0,6 0,5
12 6.167 816 83,3 58,3 1,4 10,2 7,1
Trung binh 2.913 389 133,3 80,2 4,6 34,2 20,6

3.4. Dé xudt dinh hudng va giai phdp phat trién néng nghiép bén ving viing An Giang

Qua két qua nghién ctru tinh toan nhu cau nudc va tinh toan can bang nudc tinh An
Giang, mot sb bét cép da chi ra la: su dung nude (Bang 6) mat can bang giita mia kho va
mua mua; chi s st dung nudc da dat dén trang thai bang dén vuot muc t6i han vao cac thang
mua kiét ¢ ngudng khuyen c4o c6 cang thang vé nudc & nam trung binh nude (Bang 10) dén
mirc kha cang thang v€ nudce ¢ thang 2 va thang 3 & nam ki€t nude (Bang 11) c6 thé gy ra
cac van dé 6 nhiém moi truong. Chinh vi vay, dinh huéng phat trién nong nghiép bén viing
& An Giang dugc dua ra 13; ddy manh chuyen d6i co cAu san xuét giam phy thudc vao nguon
nudc; khai thac triét dé cac thuan loi vé vi tri dia 1y, dia hinh va thd nhudng cing cac thuan
loi do thay ddi diéu kién ty nhién nhu xu thé ' giam ngdp 1 (Bang 8); giam dién tich san Xudt
va st dung nudc & mua Khd; wu tién phat trién cdy trong can, chuyén doi mot phan dién tich
lta ¢ nhimg vung cao dugc bao v¢ an toan boi d€ bao, vira tang hiéu qua san xuat lai giam
str dung nude gop phan giam cang thang vé nudc & tinh trong mua kiét lai gop phan chia sé
nhimg kho khan v€ ngudn nude voi cac tinh ha ngudn bi anh hudng boi han va xam nhap
man. B4 tri san xuit quanh nim & ving ngép 1 trudc ddy, uu tién san xuét ciy co kha ning
chiu ngap cao mua mua Iii (IGa va cac cdy chiu nude, nudi thiy san) vira khai thac loi thé 1
giam, an toan hon cho san xuét, van dam bao duy tri vi tri tép dau vé san lugng luong thyc
cua An Giang ¢ vung DPBSCL. Mot sO giai phap cong trinh va phi cong trinh déng gbp cho
su phét trién nong nghiép bén viing & An Giang dugc dua ra dudi day:

Gidi phdp phi céng trinh cho san xudt néng nghiép bén vieng tinh An Giang:

- Cap nhat cac thong tin du bao 1t va ngudn nudc hang nim dé cha dong b tri san xuat
thich tng vdi cac thay doi dong chay cho cac huyén An Phu Tri Ton va Tinh Bién.

- Ra soat qui hoach sir dung dat, chuyén ddi san xuit ving ngap lii theo huéng thich
nghi, giam phuy thudc vao nudc, phu hop véi cac thay dong chay, 1 gidm, dong chay kiét trai
qui luat.

- Tang cuong ap dung khoa hoc cong ngh¢ vao san XUt va chuyen d6i san xuét: k¥ thuat
canh tac, giam sat d6 am, k¥ thuat tudi, giam sat dich bénh, giéng t6t va thich nghi.

- Xay dung cac chudi gia tri hang hoéa va dich vu: xdy dung cac san pham chu luc dac
thi & dia phuong gan véi phét trién du lich sinh thai, tim linh, lich sir nham ting thém thu
nhap cho nguoi dan dac biét cac huyén cod tiem nang du lich cao nhu Chau Pdc, Tinh Bién
va Thoai Son.

- Tang cuong cac chinh sach hd tro san xuat, chuyén d6i san xudt, lién két, lién doanh,
cac giai phap lién két nha nudc—nha ndng-nha thuong nghiép va nha khoa hoc.
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Giai phap cong trinh trén dia ban tinh An Giang:

- Nang cap co sé ha tang dé bao kiém soat 1& ving ngép 1t thang 8 dam bao san xudt cay
hang nim cho ca nim nham khai thac triét dé tiém ning ving 1i ciing nhu phu hop véi cac
thay d6i ngudén nudc mua 1ii trong twong lai ¢ Tinh Bién, Tri Ton va Chau Pha.

- Nghién ctru ha mirc cao trinh kiém soét 1ii ca nam phu hop véi xu thé 1d giam, cao trinh
dé bao hién c6 dugc xem la thién cao, c6 thé gop phan giam kinh phi duy tu, bu lin dé duy
tri cao trinh thiét k& ban dau 1én toi hang trim ty dong cho dé bao hién hitu cac huyén Tan
Chéu, Chg M6i, Phu Téan, Chau Phd va Tp. Chau Poc.

-- Duy tri nao vét dinh ky dam bao dan nudc cac kénh tryc, xay dung cac cdng diéu tiét,
tram bom nhdm dam bao cAp, trir nudc khi muc nudc xubng thap.

- Ung dung KHCN 4.0 trong kiém soat ngudn nude phuc vu san xuit chu dong thich tng
v6i cac thay d6i dong chay do tac dong thuong luu va BDKH.

- Ung dung tudi tiét kiém nudc, chuyén doi sang cdy an trai, rau mau, chin nudi va cap
nudce sinh hoat nham dam bao nuée cho céc vung khé khan, khan hiém nuée & Tri Ton va
Tinh Bién.

- Qui hoach chinh tri song va kiém soat khai thac cat, chéng sat 16 cac khu vuc ven Song
Tién, Soéng Hﬁu trén dia ban tinh An Giang, bao v¢ an toan cac dé bao cho san XUuat.

- Phat trién ha tang dong bo: giao thong-thuy loi, thwong mai dich vy, cong nghé ché
bién di kém dé hd trg chuyén doi san xuat mot cach bén virng: céng ngh¢ ho trg thu hoach,
sau thu hoach,... bao bi, nha may Xay, bdo quan va ché bién cho cac mé hinh san xuét trong
tinh.

4. Két luén

Tir két qua tinh toan nhu cau nudc v6i tng dung mé hinh IQQM va tinh can bang nudc
tinh An Giang v6i img dung mé hinh thuy lyc va chat luong nuéc MIKE11 nghién ctru da
chi ra véi Iuu luong vé tng véi Qp85 2020 trén nhanh song Hau min 1g/1 c6 thé vao sau
77,4 km & diéu kién hién tai, 79,2 km & 2030 va 81,1km & 2050, chua c6 méi de doa nao béi
xam nhap min dén An Giang. Chi xét vé tong luong nudc dung, & diéu kién 2020 nhu cau
nudce binh quan hang ndm vao khoang 64,4 m®/s va 80,2 m%/s tmg véi tan suét 85%, so Vi
tong lugng nude dén dao dong tir 9.580 m3/s dén 14.552 m%/s co thé xem An Giang khong
thiéu \G ngudn nude, nude dén va ra khoi tinh 16n hon nhiéu so véi nhu cau nudc ndi vung.
Nhu cau nuée binh quan hang nim ¢ An Giang va ving TGLX so v&i ngudn nude vé DPBSCL
va ngudn nudc qua Chau Pdc dao dong trong khoang 0,9—4,3% & nam nhiéu nudc, 1,2-6,3%
0 nam trung binh nudc, va 4,6-34,2% 6 nam kiét nudc, duge xem la nho hon rat nhiéu so
véi tlern ning ngudn nudce vé PBSCL va so voi t1em nang ngudn nudc vé theo nhanh song
Hau. Vé mua 13, nhu cau nudc lai cang nho hon rat nhiéu s0 vO1 lugng nude dén, chua thay
moéi de doa vé moi trudong chat lwong nude va an ninh ngudn nude mua Ii.

Ap dung tinh chi s6 khai thac ngudn nude (WEI) duge Co quan méi truong Chau Au st
dung, nghién ctru dd chi ra mot kha ning xay ra cang thang vé nude cho tinh An Giang ndi
riéng va ving TGLX noi chung. Chi tinh riéng An Giang, st dung nudc ¢ cac thang mua kho
& nam trung binh nuéc, tir thang 1 dén thang 5 da sap xi 30% tiém nang ngudn nudc dén,
dugc xem la da dat 6 ngudng khuyén cdo c6 cang thang vé nudc. Dic biét & nam kiét nudc
chi s6 khai thac ngudn nudc & cac thang mua kho dao dong tir 27,7% dén 53,1% dugc xem
la da vuot ngudng an toan dén mirc kha cang théng vé nudc & thang 2 va thang 3, v61 muc
st dung nudc nay co thé nay sinh cac van dé vé moi truong. Cac hoat dong san xuat co thé
gy 06 nhiém ngudn nudc trén nhanh Séng Hau, co thé 1am ca chét, gay thiét hai cac be ca
nudi trén séng nay. Vi vay can giam mat do ca nudi & cac nam han, han ché nuéi trén nhanh
Song Héu, déc biét doan tir bién gidi voi Campuchia dén nga ba giao v6i song Vam Nao. Céc
kién nghi vé dinh hudng cho phat trlen nong nghiép bén vitng & tinh An Giang vira gop phan
chu dong thich g voi cac thay d6i vé ngudn nudc, dam bao can bang nudc ¢ tinh An Giang
lai gop phan chia sé ngudn nudc vai cac tinh ven bién kho khian hon vé ngudn nudc va bi anh
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huong boi xdm nhap man. CaC kién nghi cac giai phap cong trinh va phi céng trinh da dugc
dé xuat phuc vu cho  phat trién nong nghiép bén vig & An Giang can duoc xem xét tmg
dung dua vao thuc tién.

DPong gop cua tac gia: Xay dung y tuong nghién cru va phuong phap luan: P.T.K.; T.Q.T,;
Xu ly so liéu: T.Q.T.; P.T.K.; Phoi hgp viét bai bao: T.Q.T.; P.T.K.; Chinh sua bai béo:
T.Q.T.,; P.T.K.

Loi cdm on: Nghién ctru nay dugc thuc hién dudi sy tai trg cia dé tai nghién curu khoa hoc
cap Dai hoc Qudc gia TP.HCM, mi s6 B2020 16 _03. Bén canh do, tap thé tac gia tran trong
cam on sy gitp do Ban Gidm hi¢u va Ban Khoa hoc cong ngh¢ Pai hoc Québc gia TPHCM,;
Phong Quan 1y Khoa hoc va Ban Giam hiéu truong Pai hoc An Giang di tao diéu kién thuan
loi dé nhom thue hién thanh céng nghién ciru nay.

Loi cam doan: Tap thé tac gia cam doan bai bao ndy 13 cong trinh nghién ctru cua tap thé
cua cac tac gia, chua dugce cong bo & dau, khong sao chép tir nhitng nghién ctru trudce day;
khong ¢o6 su tranh chap loi ich trong nhom tac gia.
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Water balance and some recommendations on sustainable
agricultural development orientation for An Giang province

To Quang Toan?, Phan Truong Khanh?"

1 Southern Institute of Water Resources Research; toan_siwrr@yahoo.com
2 Faculty of Environment Technology Engineering, University of An Giang, Vietnam
National University, Ho Chi Minh City, Vietnam; ptkhanhagu@gmail.com

Abstract: An Giang ranks second among provinces in the Mekong Delta in terms of food
production and freshwater fish farming, in 2021 An Giang contributes 17.03% of total food
production and 21.82% of total farming fish production in the Mekong Delta. Climate
change, sea level rise, and the extend upstream developments for agriculture and
hydropower have greatly affected the flow to the delta in both the flood season and the dry
season in recent years. From 2003 up to now, except a large flood in 2011, the remaining
years are small and very small floods. Droughts, water shortages and saltwater intrusion are
increasing, especially in the dry seasons of 2015-2016 and 2019-2020. An Giang is the first
province to receive water form the Mekong River Basin, that is considered to have more
advantages then other provinces, so there are few studies showing threats to production for
An Giang. By using of a number of methods to calculate water balance for An Giang:
application of IQQM, a basin simulation models to calculate water demand; applying MIKE
11 model to calculate hydraulics and saline intrusion; Calculating the water exploitation
index, the study has shown that the current water use in the dry months at 99.1+187.6 m%/s
has reached the critical state/excess at the threshold. It is recommended that there is water
stress in the mean hydrological year or quite water stress in February and March in the
drought year. The paper makes some recommendations on orientations and solutions for
sustainable agricultural development in An Giang province.

Keywords: Water balance; An Giang; Long Xuyen Quadrangle; Sustainable agriculture;
Water Exploitation Index.
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Tém tit: Trong bai b4o ndy, bui min PMzs sinh ra do qué trinh nd min trén mé 16 thién da
dugc du bao bai c&c md hinh tri tué nhan tao dya trén mang no—ron truyén thang nhiéu 16p
(Multi-layer Perceptron Neural Network — MLP) va cé4c giai thuat “tdi wu hoa bay dan”
duogc cai tién (Accelerated Particle Swarm Optimization — APSO), giai thuat di truyén
(Genetic Algorithm — GA), ¢6 tén goi APSO-MLP va GA-MLP. Céc thong s6 nd min va
diéu kién khi tuong da duoc xem xét trong nghién ctru ndy. Mot mang MLP da duoc thiét
ké dé du bao ndng d6 bui min PMzs. Céc giai thuat tdi wu hoa APSO va GA di duogc dua
vao dé toi wu hoa cac trong sd cia mo hinh MLP nhim cai thién mirc do chinh xac cia mo
hinh MLP truyén théng trong qua trinh du béo. Cac két qua cho thay ca hai mé hinh dugc
phat trién déu c6 kha ning du bao nong do bui min PMys sinh ra do nd min véi muc do
chinh xac twong ddi cao. Trong d6, md hinh APSO-MLP cung cip mic do chinh xac cao
hon so v6i md hinh GA-MLP (RMSE = 5,102; R? = 0,900 va MAPE = 0,063). Trong khi
d6, md hinh GA-MLP chi cung cdp murc d6 chinh xac voi RMSE = 5,331, R? = 0,890 va
MAPE = 0,073.

Tir khoa: Mo 10 thién; N6 min; PM2s; Mang no—ron nhan tao; Giai thuat t6i wru; Phat trién
bén viing.

1. Pt van dé

Khai thac 16 thién 1a mot trong nhitng phuong phap khai thac phd bién nhat nhiam thu
hoi tai nguyén khoang san co ich trong 10ng dat. Tuy nhién, cac tac dong tiéu cuc cla cac
hoat dong khai thac 1§ thi€n t61 moi truong xung quanh 1a khong hé nhé (bui, khi dgc, chiém
dung dién tich dat dai, nhiém ban ngudn nudc, chan dong n6 min,...). Trong s6 cac tac dong
d6, van dé 6 nhiém bui trén cac mo 10 thién dang 1a moi quan tdm chlnh cua cac mo, dac biét
la bui min [1-2].

Mot trong cac hoat dong chinh trén cac mo 16 thién gay phat sinh mét lugng 16n byi do
1a hoat dong nd min. Nhitng ddm mAy bui rat 16n xuét hién sau mdi vu nd6 mang theo nhleu
bui min [3-4]. Duéi tac dong cua cac diéu kién khi tuong, dic biét 13 hudng gié va tée do
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gi0, bui min s& gay tac dong khong nho t61 moi trudng xung quanh va vung anh hudng cd
thé rat rong [5-6]. Bé giam thleu bui trong qua trinh n6 min, cac giai phap nhu: tudi nudce bé
mit bai nd trudc va sau khi nd min, sir dung phwong phap nd min phan doan sir dung bua
nudc,... Nhimg giai phap nay tuy c6 hiéu qua trong viéc giam bui phat sinh sau khi n6 min,
nhung chu:a ¢6 kha niang du bao va kiém soat duoc nong do bui min phat tan do cac hoat
dong ndé min. Noi cach khac, cac giai phap k¥ thuat trén méi chi la cac gidi phap giam bui
tuc thoi ma chua c¢6 kha nang du bao trudce khi cac vu nd Xay ra dé danh gia mirc do 6 nhiém
bui do cac hoat dong nd min gay ra va cac giai phap tiém ning co thé ap dung dé xu Iy hiéu
qua nong do bui phat tan.

De du bao nong d6 bui min phat sinh khi né min trén cac mo 16 thién, cac phuong phap
truyén thong thuong sir dung cac moé hinh mé phong nong d6 bui phét tan theo hudng gioé va
tdc do gié nhu mé hinh Sutton, Pasquill, Berliand,... [7]. Tuy nhién, cac md hinh trén con
ton tai nhiéu han ché v6i mutrc d chinh xac con khiém tén do cac dic thi riéng va cac yéu td
hinh hoc cua mo.

Trong nhirng nim gan day, khoa hoc may tinh véi sy phat trién ctia cong nghé thong tin
va sy ra doi cua tri tu¢ nhan tao da 1am thay ddi ca thé gi6i, khong ngoai trir khai thac mé.
Dé du bao néng d6 bui phat sinh trén moé ndi chung va do cac hoat dong nd min néi riéng,
nhiéu mé hinh tri tu¢ nhan tao (Artificial Intelligence) va hoc may (Machine learning) da
duogc phat trién cho muyc dich nay véi mae d6 chinh xac dugc cai thién dang ké so voi cac
phuong phap truyén thong. [8] di phat trién mot mé hinh tri tué nhén tao lai (Hybrid model)
dua trén mang no—ron nhan tao (Artificial Neural Network — ANN) va giai thuat di truyén
(Genetic Algorithm — GA), goi tat a GA-ANN dé dy bao nong d6 bui PMio phét sinh do cac
hoat dong khoan trén mo véi muice do chinh xéac sai s6 binh quan phuong géc RMSE = 0,028,
hé sb xac dinh R? = 0,979, sai sd tuyét ddi binh quan MAE = 0,023 va ti 1¢ phén tram 16i
tuyét ddi trung binh MAPE = 0,055. Trong mdt nghién ctru khéc, [9] da st dung h¢ thong
mo (fuzzy system) dua trén ciac mé phong Monte Carlo két hop véi Iy thuyet xac suat va 1ap
trinh biéu hién gen (Genetic Expression Programming — GEP) dé du bao ndng d6 bui phat
sinh khi n6 min trén mé. Céc két qua cho thdy mo hinh nay dat t6i muc d¢ chinh xac R? =
0,8754 va RMSE = 7,0181 trong qué trinh thir nghiém. Cac mo phong Monte Carlo cua
nghién ctru nay ciing cho thiy khoang cich phét tan bui khéng vuot qua 199212 m. [10]
cling da dé xuat mot mo hinh lai dé dy bao ndng do bui khi nd min tai mo da voi sir dung cac
phan tich héi quy (regression analysis) va thir nguyén (dimentional analysis). Cac két qua
cung cip muc do chinh xac rat cao v6i R? = 0,9357. Mot mé hinh tri tué nhén tao lai khac
ciing da dugc phat trién boi [11] nham du bao buyi phat tan theo phuwong thang dimg trong
qué trinh nd min trén cic mo 16 thién sir dung mang no—ron nhan tao va ban d6 nhan thirc
mo (fuzzy cognitive map). Cac két qua cung cap muc d6 chinh xéac rat cao voi R? = 0,9933
vaf RMSE = 0,009. [12] trong mét nghién ctru khac ciing di dé xuat mot mo hinh tri tué nhan
tao dua trén phan tich thr nguyén va mang no—ron nhan tao cho muc dich twong tu va céc
két qua 1a rat kha quan vé6i do nhay va do chinh xéac cao.

Xem xét cac khia canh va tong quan cac cong trinh cho thy tri tué nhéan tao 1a mot cong
cu manh mé cung cap mirc d6 chinh xac cao trong viéc du bao ndong do bui phét sinh trong
qua trinh nd min. Tuy nhién, cidc mo hinh tri tué nhan tao chwa dugc xem xét phat trién dé
du bao néng do bui phat sinh hodc phéat tan trong qua trinh nd min tai cac mo 16 thién Viét
Nam. Do d6, bai bao nay nhiam trinh bay cac két qua nghién ctru phat trién mé hinh tri tué
nhan tao lai dya trén mang no—ron truyén thing nhiéu 16p MLP va céc giai thuat t6i wu hoa
bay dan duoc cai tién APSO, giai thuit GA, goi tat 1a APSO-MLP va GA-MLP, dé du bao
nong do bui PMzs phét tan trong qua trinh n6 min.

2. Phuwong phap nghién ciru

Trong nghién ciru ndy, mang no—ron nhan tao truyén thang nhiéu 16p — MLP da dugc
xem xét dé du bao ndng d6 bui PMys phét tan trong qua trinh né min trén moé 16 thién. MLP
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dugc xem la mot trong nhiing loai mang no—ron nhén tao phd bién va duoc ap dung rong rii
trong nhitng ndm gan déy [13-15].

Céu trac ciia mang MLP bao gom 16p thong s6 dau vao (inputs), mot hodc nhidu lop a an,
va 16p dau ra (output). Cac 16p nay chira cac no—ron nhan tao va chung dugc lién két véi
nhau dé truyén tai va xur ly thong tin. Cac no—ron dugc két ndi v61 nhau va dugc mé hoa dudi
dang céc trong sb va do léch giita cac 16p. Chung phan anh méi lién hé giita cac no—ron lién
két voi nhau va duge xt 1y, tinh toan thong qua cac ham kich hoat gitta cac tang (16p).

Ngoai ra, cac ham kich hoat (activation function) duoc str dung dé mé phong ty 1 truyén
Xung qua axon cua mot no—ron than kinh va chung thuong dong vai tro 14 thanh phan phi
tuyén tai cac nat ddu ra cia mang no—ron [16]. Cac ham kich hoat nay c6 anh huéng 16n toi
mirc d6 chinh xac clia mang no—ron trong qua trinh huan luyén.

Bén canh d6, mot thanh phén quan trong khong thé thiéu cho cac mang no—ron nhan tao
no6i chung va mang MLP néi riéng 1a giai thuat hun luyén. Cac giai thuat huan luyén thuong
quyét dinh nhiéu dén marc d6 chinh xac cua mang no—ron nhan tao. Trong thuc té, c6 nhiéu
giai thuat co thé ap dung dé hudn luyén mang no—ron nhan tao nhu: giai thuat lan truyén
nguoc (backpropagatlon algorithm), gidi thuat Levenberg-Marquardt, Adam,... [17-18].

Dé danh gia “muc do tot” ca mang no—ron nhén tao, ham mat mat (Loss funtlon) duoc
su dung nham tim ra tap hop trong s6 va do léch tdt nhat giip gidm thiéu ham méat mat. Co
rat nhiéu ham mat mét c6 san c6 thé str dung dé danh gia hiéu suat huan luyén cia mang MLP
nhu MSE (sai s6 binh quan trung binh), RMSE, R?, MAPE,...

Do d6, viéc thiét ké va lua chon cdu triic mang, giai thuat huan luyén ciing nhu ham kich
hoat hgp Iy cho mang no—ron nhan tao MLP dugc xem la mgt cong viéc quan trong va chiing
quyét dinh t6i mtrc d6 chinh x4c ctia mo hinh du bao. Cau triic co ban cia mang MLP du béo
néng dd bui PM2s phat tan do cac hoat dong nd min trén mo 16 thién duoc minh hoa trong
hinh 1.
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Hinh 1. Mang no—ron truyén thing nhiéu 16p MLP du bao PM; 5 phét tan do cac hoat dong nd min trén
mo 16 thién.

Trong nhiing niam gan déy, cic giai thuat ti uu ciing da duoc nghién ciru, phat trién
manh mé va chung c6 xu thé duoc str dung thay cho cac giai thuat truyén thong dé huan luyén
mang no—ron nhan tao vdi hiéu suat duoc cai thién dang ké [19-21]. Trong s6 do, cac giai
thuat téi uu hoéa bay dan (Particle Swarm Optimization — PSO) va giai thuat di truyén
(Genetic Algorithm — GA) 1a nhiing gii thuat t6i wu duoc sir dung rong rii trong nhiéu linh
vuc khac nhau.
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[22] 14 nhimg ngudi dau tién gidi thiéu giai thuét t6i wu hoa PSO tir nim 1995 dua trén
co ché sin moi cua cac dan dong vat trong thuc té (dan chim, dan ca,...). Méac du c6 nhiéu
vu diém trong qua trinh t6i wu hoa cac bai toan thuce té, tuy nhién giai thuat PSO goc van gap
phai mot s6 nhuoc diém nhu dé& bi 101 vao t61 wu hoa cuc bd dbi véi dir liéu nhiéu chiéu
(khoang khong gian tim kiém 16n) va téc d6 hoi tu chdm [23]. Do do, dén nam 1999, [24] da
thyc hién mot cai tién nhé nham khac phuc cac nhugc diém trén bang cach thém vao céc
trong SO Wmin V& Winax (trong luong tdi thiéu va tbi da cua céa the) va no dugc goi l1a giai thuat
t61 uvu hoa bay dan thic day Accelerated Particle Swarm Optimization — APSO). Chi tiét vé
giai thudt PSO va APSO c6 thé tham khao trong cac tai liéu tham khao [24-27]. Dya trén cac
wu diém cua nhitng cai tién d6, nghién ctru ndy da xem xét str dung giai thuat APSO dé tbi
vu hoéa mé hinh mang no—ron nhan tao MLP dy bao ndng do bui PM2s phén tan trong qua
trinh nd min trén mé 16 thién, dugce goi la mé hinh APSO-MLP. So dd lam viéc ciia mé hinh
APSO-MLP dugc minh hoa trong hinh 2.

Trong nghién ctru nay, giai thuat GA ciing duoc xem xét sir dung dé t6i vu hda mé hinh
MLP cho muc dich tuwong tw, goi tit 1d md hinh GA-MLP. Chi tiét vé giai thuat GA co thé
tham khéo trong cac tai liéu [28-30]. Pong thoi, nd duge sir dung dé so sanh v6i mo hinh
APSO-MLP trong qua trinh du bao ndong do bui PM2 5 phét tan do cac hoat dong n6 min trén
mo 19 thién. Co ché ti ru héa mé hinh MLP ctia giai thuat GA tuong ty nhu giai thuat APSO
trong hinh 2.
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Hinh 2. So d6 lam viéc ciia mé hinh APSO-MLP.

3. Dir liéu sir dung

Trong nghién ctru nay, cac dir liéu dugc thu thap tai mo than Coc Sau tai Quang Ninh.
Pay 12 mo than 16 thién sau nhat Viét Nam dén thoi diém hién tai (-300 m so véi myuc nude
bién). Ngoai ra, mo than Coc Sau nam lién ké véi cac mo than Péo Nai va Cao Son va cach
khu vuc dan cu khoang hon 600m vé phia Nam. Do d6, anh hudng ciia bui mo 1a réat 16m.
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Trong nghién ctru nay, 10 bién dau vao da dugc xem xét bao gdm: khdi luong thude nd sir
dung (Q), chi tiéu thude no (q), chidu dai cot bua (L), khoang cach giita cac hang 18 khoan
(b), d am khong khi (AH), d6 am thanh phén cta dat d4 (MC), 4p suat khong khi (AP), toc
do gio (WS), huong gio (WD), va khoang cach quan trac buyi tinh tir vi tri n6 min (D).

De quan tric nong do bui PMzs phét tan trén mé do cac hoat dong nd min, cc tram quan
trac c6 dinh (duoc thiét ké va ché tao bai nhom nghién ctru ISRM—-Truong Pai hoc M6 — Dia
chét) duoc dat tai mot sd vi tri can giam sat trén mo. Trong thuc té, cac tram quan tric duoc
dat & huong Nam 1a huéng ma bui mé co thé anh hudng té1 khu vuc dan cu 1an can. Cac vi
tri ddt cac tram quan tric c6 thé thay doi tiy thudc vao mdi vu nd nhu dwoc minh hoa trong
hinh 3. Céc gia tri ndng d bui duoc quan trac theo thoi gian thuc véi chu ky 1 gidy. Tuy
nhién, chi gia trj ndng do bui 16n nhit duoc lya chon va str dung trong b¢ dir liéu nhu nhiing
bién dAu ra ciia m6 hinh (output). Thoi gian quan tric duoc tién hanh tir 04/2018 dén 12/2021
tuy thude vao diéu kién thuc tai mé khi nd min. Dit liéu sir dung trong nghién ctru nay dugc
tom tat va mo phong trong bang 1 va hinh 4.

MONG DUONG

CamiPha

Hinh 3. M6 than Coc Séu va cac tram quan trdc bui trén mo.

Bang 1. Tom tit dit liéu sir dung dé dy bao PM2s phat tan do nd min.

Phan loai Q q Lo b AH MC AP WS WD D PMz2s
Nho nhét 12248 51 2,8 4 69 1,74 102 0,02 1 29,9 17
25% dir lieu 14598 52 3,8 5,8 75 2513 104 1,725 5 116,4 52
Trung vi 15404 55 43 6,4 80,5 3455 105 2,3 9 2151 65
Trung binh 15625 5,484 4,369 6,365 79,86 3,327 1053 2,245 8,563 203,8 63,38
75% dit lidu 16941 57 4,8 7 84 3,98 106 3,013 12,75 263,1 75
Lén nhét 19688 5,9 6,3 8,7 95 5,54 109 3,97 15 386,2 114
Luu ¥, huéng gié di duge ma hoa dudi dang s6 dé phuc vu bai toan hoi quy mot cach
hi¢u qua.
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Hinh 4. Mat d6 phéan b cua dit liéu.

4. Két qua va thao ludn

Trudc khi phét trién mé hinh APSO-MLP va GA-MLP dé du bao PMzs, bo dit liéu da
dugc xem xét, phan tich va tién xur Iy dé loai bo cac yéu td c6 thé gay nhifu hoic giam mirc
d6 chinh x4c ctia mo hinh. Sau d6, 142 dir liéu dugc phan chia ngiu nhién thanh 2 phan: 70%
stt dung dé huan luyén mé hinh va 30% con lai dé kiém tra mic d6 chinh xac cua cac mo
hinh d4 huén luyén.

Dé thiét ké cau triic mang MLP, k¥ thuat thir va sai (trial-and—error) da dugc ap dung.
Mot ciu trac MLP véi mot 16p 4n va 25 no—ron an da dugc thiét 1ap trong mang MLP. Mot
ham muc tiéu (loss function) phuc tap MSE da dugc sir dung lam trong qua trinh huan luyén
mang MLP nay. Qua trinh huén luyén, ham kich hoat ReLU da dugc st dung. Bén canh do,
s6 lugng quan thé ban dau dugc khai tao dugc thiét 1ap v6i 200 ca thé va qua trinh huan luyén
dugc thue hién vai 1000 epoches va batch size 1a 16.

Déi voi cac tham sd cua giai thuat, 10 bo tham sé khac nhau cua mdi giai thuat duoc
xem xét ap dung dé tham gia vao qua trinh huén luyén mé hinh MLP. Dé danh gia va lya
chon dugc bd tham sd t6t nhat cua giai thuat, mot ham muc ti€u phtc tap dya trén nhiéu chi
s6 hiéu suat (RMSE va MAPE) di duoc str dung dé danh gia hiéu sudt clia cac mo hinh mot
cach toan dién hon nhu dugc trinh bay trong phuong trinh (1).

fitness = 0.5RMSE + 0.5MAPE Q)

Trong qué trinh huin luyén mo hinh, ky thuét kiém tra chéo k—nép gap (k—folds cross—
validation) da duoc ap dung dé dénh gia hiéu suat ciia mo hinh mot cach khach quan, khong
thién vi. Trong nghién ctru ndy, 5 folds di dugc st dung va l3p lai 3 1an trong qua trinh huan
luyén mo hinh. Theo d6, 70% dir li¢u huén luyén dugc chia thanh 5 folds va ching lan luot
dugc huan luyén va kiém tra dé xac dinh mirc d6 chinh x4c trung binh trong qua trinh huan
luyén mo hinh nhu dugc minh hoa trong hinh 5. Qua trinh huén luyén va chon b tham s6 tt
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nhat cho cac mé hinh APSO-MLP va GA-MLP d du bao nong dd PM.s phat tan do cac
hoat dong n6 min trén mo 19 thi€n dugc minh hoa trong hinh 6.
Fold kiém tra Fold hudn luyén
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Hinh 5. Ky thuat kiém tra chéo véi 5 folds.
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Hinh 6. Hiéu suit hudn luyén va kiém tra ctia cac md hinh APSO-MLP vad GA-MLP vdi cac bd
tham s6 t6t nhét: (a) M6 hinh APSO-MLP; (b) Mé hinh GA-MLP.
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Céc két qua huin luyén mo hinh MLP bang cac giai thuat t5i vu APSO va GA dé du béo
PM_25 trong hinh 6 cho thdy sai s6 ctia cac mé hinh rat nho (MSE trén duéi 0,003) va khong
c6 su khac biét nhiéu giita hai mé hinh. Céc két qua twong tu cling dwoc ghi nhan trén tap dit
liéu kiém tra. Tuy nhién, di v6i m6 hinh GA-MLP, vung hoi tu lai khong phai ving cung
cép muc dd chinh xac cao nhat, nhu thé hién trong hinh 6. Trong khi d6, mé hinh APSO—
MLP cung cép murc d6 chinh x4c cao nhét tai vung hdi tu nhéat.

Luu ¥, cic két qua hudn luyén va kiém tra trén dugc thuc hién trong qua trinh tim kiém
cac bd tham sd tt nhit cho cdc mé hinh. Sau khi cac bo tham sb tot nhét ciia cdc md hinh
APSO-MLP va GA-MLP di dugc tim thdy, qua trinh huan luyén lai cac mé hinh nay véi bo
tham sd tot nhat d3 dugce tién hanh nhu sau:

- M6 hinh APSO-MLP: C1=C;, = 1,2, Whin = 0,5, Whax = 0,9,

- M6 hinh GA-MLP: Pc=0,8; Pm=0,1;

- C4 2 md hinh nay déu duge huin luyén dua trén 200 ca thé khé tao ngﬁu nhién ban dau
va dugc thuc hién vai 1000 epoch.

Hiéu suét huin luyén lai va mirc 6 hoi tu ctia mang no—ron nhan tao MLP dua trén cac
tham s toi wu ciia cac giai thuat tdi vu duge minh hoa trong hinh 7.
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Hinh 7. Murc d6 héi tu ctia cac mé hinh APSO-MLP va GA-MLP trong du bao PM;s: (a) Qua trinh
huan luyén; (b) Qua trinh kiém tra.

Nhin vao hinh 7, ¢ thé thiy mé hinh APSO-MLP dudng nhu cung cap mirc d chinh
xéc cao hon trén ca bo dit liéu hudn luyén va dit liéu kiém tra khi dy bao ndng do PM2s phét
tan do n6 min trén mo. Mirc d6 hoi ty trén tap dir liéu huan luyén duong nhu rat tét khi sai
s6 MSE giam dan theo bién do manh va hdi tu dan & mire dudi 0,004. Trén tap dir licu kiém
tra, mirc do sai s6 c6 thé khac nhau & cac vi tri epoch khac nhau, tuy nhién, sai s6 thap nhat
van duogc ghi nhan & mo hinh APSO-MLP & muc dudi 0,003. Dé danh gia hi¢u suét du bao
PMg2s cta cdc mo hinh da phat trién, cac chi s hiéu suét bao gém: MAE, RMSE, R? va
MAPE da dugc str dung va tinh toan dya trén cac gia tri thuc té va du bao trong bang 2.

Béng 2. Hi¢u suit ctia cac mod hinh du bao PMzs phat tan do céac hoat dong nd min.

Mb S6 lwgng Dir li¢u huén luyén Dir li¢u kiém tra

hinh quanthé MAE RMSE R? MAPE MAE RMSE R? MAPE
APSO- 4494 5763 0890 0,087 3,823 5102 0,900 0,063
MLP 200

GA- 4259 5513 0899 0,080 4504 5331 0,890 0,073
MLP 250

Tir cac két qua trong bang 2, c6 thé thdy hiéu suit ctia ca hai mé hinh APSO-MLP va
GA-MLP tuong doi cao va khong c6 sy chénh 1éch 16n. Tuy nhién, m6 hinh APSO-MLP
cung cap muc dg chinh x4c cao hon mdt chit so véi m6 hinh GA-MLP v4i MAE = 3,823;



Tap chi Khi tiwong Thaty van 2022, 740, 88-99; doi:10.36335/VNJHM.2022(740).88-99 96

RMSE = 5,102; R? = 0,900 va MAPE = 0,063 trén tap dir liéu kiém tra. Dé danh gia thém va
truc quan hon vé mirc d6 chinh xac cua cac moé hinh trén, sai so twong doi (relative error —
RE) va twong quan gitra cac gia tri du bao va thyuc té da dugc minh hoa trong hinh 8.
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Hinh 8. Sai s tuong déi RE, tuyét ddi va twong quan cua cac mé hinh du bao PM,s: (a) M hinh
APSO-MLP; (b) M& hinh GA-MLP.

Dua trén cac chi s sai sd tuong dbi RE, tuyét dbi va twong quan cua cac mo hinh dyu bao
PM2s trén hinh 8, c6 thé thy rd hon su khac biét gitra hai md hinh APSO-MLP va GA-MLP
trong du bao nong do PM2s phat tan khi nd min. Trong khi bién d6 dao dong cta RE trén m
hinh APSO-MLP 1a tir -9 dén 25, m6 hinh GA-MLP cung cép bién do RE 16n hon rat nhiéu
(tir —20 dén 20). Ngoai ra, cac so sanh trén tap dir liéu kiém tra & hinh 8 ciing cho thiy mirc
dd chinh xac cua cac du doan trén mé hinh APSO-MLP la tdt hon so véi cac du doan trén
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mvﬁ hinh GA—M LP. Do d6, m6 hinh APSO-MLP da dq(jc lrra chon lam mo hinh chinh thirc
dé du bao nong do bui PMy s phat tan trong qué trinh ndé min tai mo nay.

5. Két luan va Kién nghi

Dy béo ndng d6 bui phat tan trong qua trinh nd min trén cac mo 10 thién la mot bai toan
trong d6i kho do anh hudng cua cac yeu t6 hinh hoc mo, cac thong sb nd min va diéu kién
khi twong. Trong khi cac théng sé hinh hoc cia mo khéng (hodc it) thay ddi, cac thong s6 nd
min c6 thé thay ddi duogc thi cac théng sb vé diéu kién khi twong 14 nhimg théng s6 khong
thé kiém soat/thay d6i duoc. Do d6, viéc du bao nong do bui noi chung va PMzs nOI riéng la
khong don gian. Nghién ciru nay da xem xeét téng thé cac yéu to veé thong s6 nd min trong
cac diéu kién khi twong khac nhau voi khoang cach giam sat khac nhau de xay dung hai mo
hinh tri tu€ nhan tao cé kha nang dy bao nong d6 bui PM2 s phat tan do nd min (APSO-MLP
va GA-MLP). Cac két qua budc dau cho thay muc do kha thi va d6 chinh xéac co thé chip
nhén dugc cho cdc mo hinh tri tu¢ nhan tao trong viéc du bao néng d6 PM2s phat tan do nd
min. Trong d6, mo6 hinh APSO dugc danh gié la tot hon mot chit so véi md hinh GA-MLP
trong nghién ctru nay voi do chinh xac dao dong ¢ muc 90%.

Mic du nghién ctru nay dé chi ra mirc d6 kha thi cua cac mo hinh tri tu¢ nhan tao trong
du bao ndng d6 bui phat tan khi nd min trén cac mo 19 thién, tuy nhién, ching can dugc tiép
tuc nghién ctru m& rong trong twong lai voi viée xem xét du bao ndng do bui trong khong
gian, t6i wu hoa s lwong bién dau vao hodc xem xét cac mo hinh tri tué nhan tao khac véi
muc dich cai thién mirc dg chinh xac trong qué trinh du bdo. Cac két qué nghién ctru la tién
dé dé toi uu hoa cac thong sd nd min nham giam thiéu hodc kiém soét bui phat tan ra moi
truong xung quanh, hudng tdi khai thac bén vitng va c6 trach nhiém véi moi truong.

Pong gop ciia cac tac gia: Lén y tuong, Diéu tra, khao sat, Viét va chinh stra ban thao: N.H.,
B.X.N.; Phan tich so bg, xtr ly dit li¢u, truc quan hoa cac két qua, viét ban thao géc: T.Q.H.,
T.KH., N.T.T.

L1 cam on: Nhom tac gid xin giri 161 cam on t¢1 Trung tam Nghién ctru Co Dién Mo va céac
thanh vién trong nhom nghién ciru manh “Nhiing tién bo trong khai thic mo bén vimng va cé
trach nhi¢ém” — ISRM cuia Truong Pai hoc M¢ dia chét d3 hd trg nhém nghién curu thu thap
dir 1iéu phuc vu nghién ctlru nay.
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Abstract: In this paper, PM2s induced by blasting operations in open—pit mines has been
predicted by hybrid artificial intelligence models based on multi—layer perceptron neural
network (MLP), accelarated particle swarm optimization (APSO), and genetic algorithm
(GA), named as APSO-MLP and GA-MLP. Blasting parameters and meteorology
conditions were considered for this aim. Subsequently, a MLP model was then designed for
predicting PM2 s based on the inputs (blasting parameters and meteorology conditions). The
optimization algorithms APSO and GA then were applied to optimize the weights of the
designed MLP model, aiming to improve the accuracy of the MLP model for predicting
PM2s. The results showed that both hybrid models (APSO-MLP and GA-MLP) provided
pretty high accuracies in predicting PM2s (over 90%). Of those, the APSO-MLP model
provided a slightly higher performance with RMSE = 5.102; R? = 0.900 and MAPE = 0.063.
Meanwhile, the GA-MLP model provided lower performance qwith an RMSE = 5.331, R?
= 0.890 and MAPE = 0.073.

Keywords: Open pit mine; Mine blasting; PM.s; Artificial Neural Networks; Optimal
Algorithm; Sustainable Development.
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