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Tém tit: Bai bao sir dung phuong phap hoc may Random Forest (RF) dé nghién ciru wéc
tinh lugng mua tir dir liéu v€ tinh Himawari-8. Dt liéu dugc st dung 1a 09 kénh anh riéng
1é va 36 kénh anh to hop cia vé tinh Himawari-8 va dir liéu do mua bé mat dé ude tinh
lwong mua cho khu vuce Viét Nam. Phuong phap RF dugc ap dung thir nghiém cho 04 dot
mua 10n x4y ra trong cac nam 2019, 2020 va 2023. Két qua nghién ctru cho thdy rang phuong
phap RF da m6 phong dugc trong tdm cua cac dot mua lon. HE sd twong quan giira luong
mua udc tinh tir vé tinh va lugng mua quan triac (R) déu dat tir 0,8 tro Ién, gia tri sai sO tuyét
dbi trung binh (MAE) duéi 1,1 mm va sai sb binh phuong trung binh gbc (RMSE) dui 2,17
mm. Tuy nhién phuong phap RF ¢6 xu huéng cho két qua udc tinh lwong mua thién thap
hon so v6i lwgng mua quan trac thuc té.

Tur khéa: Udc tinh lugng mua; VE tinh Himawari-8; Random Forest.

1. Gioi thiéu

Do chinh xéc cua s6 liéu quan tric lugng mua dong vai tro rat quan trong trong viéc khai
thac, quan 1y tai nguyén nudc va du bao khi twong thity vin. Cac quan tric bang tram do mua
bé mit thuong dugc st dung dé do tryc tiép lwong mua trén bé mat Trai Dat. Tuy nhién, cac
phép do bang tram do mua nay ciing c6 mot sé nhuoc diém, ching han nhu ching khong co
kha nang mo phong chinh xéac sy phan b cua truong lugng mua theo khdng gian, vi thiét bi
do mua bé mat chi cung cap pham vi quan trac theo ting vi tri diém trong khu vuc. Viéc sir
dung radar dé quan tric thoi tlet hién nay cho phép udc tinh lugng mua trén cac khu vuce rong
hon, nhung pham vi quan trac van bi gigi han ¢ bé mat dét lién va cac vung ven bién [1]. V&i
toc do phat trién nhanh chong cua cac cong cu do dac lugng mua gian tiép, cac quan trac tir
v¢ tinh vién tham da tr6 thanh mot cong cu thich hop dé cai thién nhimg nhuoc dlem trén
bang cach cung cap pham vi quan tric khéng gian dong nhat hon va c6 do phan giai gan thoi
gian thuc. Ngay nay, v€ tinh dia tinh Himawari-8 duoc stir dung kha rong rai va phd bién. Vé
tinh Himawari-8 dugc phong vao ngay 07/10/2014 va duoc van hanh phat trién boi Co quan
Khi tugng Nhat Ban (JMA), n6 bt dau hoat dong va phan phdi dir liéu tir ngay 07/07/2015
[2]. Vé tinh Himawari-8 cung cap dir lidu tir 16 kénh anh bao gom 03 kénh anh thi phé (VIS),
03 kénh can héng ngoai (NIR) va 10 kénh dnh héng ngoai (IR). Qué trinh hinh thanh va phat
trién ctia cac dam may ddi luu gdy ra mua thuong xay ra trong thoi gian ngan va dir liéu tur
v€ tinh. Himawari-8 ngoai viéc c¢6 thé quan tric bao phii ca mot khu vuc rong 16n thi né ciing
cung cap thong tin hiru ich dé wdc tinh dinh lwong mua.

Tap chi Khi twpng Thity van 2023, 755, 1-12; d0i:10.36335/VNJHM.2023(755).1-12 http://tapchikttv.vn/
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Trong nhimng nim gan day, da c6 kha nhiéu nghién ctru tmg dung dir liéu vé tinh vao
viéc udc tinh lrong mua. Cac nghién ctru nay chu yéu sir dung dir liéu cua kénh anh IR trong
dit liéu vé tinh theo thoi gian thyc dé truy Xuét cac san pham mua duya trén mdi quan hé luong
mua v6i nhiét do thu duoc tir cac kénh hong ngoai. Tir nhitng nam 1997, tac gia [3] dd nghién
ctru sir dung chénh 1éch nhiét d6 dinh may ctia cac kénh IR trong dir li¢u v€ tinh dia tinh cia
Nhat Ban Geostationary Meteorological Satellite-5 (GMS-5) dé wéc tinh luong mua. Két qua
nghién ctru cho théy sai sb va muc do phén tan luong mua tuong d6i 16n nhung lwong mua
cuc dai va luong mua tich lity uée tinh cho két qua twong dbi tot. Trong nghién ctru [4-5]
cling da sir dung cac kénh anh IR cua v¢ tinh dia tinh Phong Vén 2 va Himawari-8 dé dua ra
bo dit li€u lugng mua trén khu vuc Trung Quoc va Han Quoc. Céac dac diém phat xa cia may
va cac tham s vat 1y nhu d6 day quang hoc, d6 cao dinh may va pha ciia ddm may, nhiét do
dinh may c6 thé duoc khai thac mot cach hiéu qua dé xac dinh su hinh thanh va phat trién
ctia dam may. Nam 2020, tac gia [1] da trinh bay vé thuat toan hoc may dung dé udc tinh cac
tham s6 ddm mAay va ning luong buc xa bé mit tir dit liéu vé tinh Himawari-8. C6 thé thay
cac thuat toan hoc may da trdé thanh mot cong cu manh mé lién Két dix liéu vé tinh voi viéc
wdc tinh lvong mua trong nhirng nim gan day. Hién nay, nhiéu nghién ctru vé cac k¥ thuat
hoc may khac nhau di dugc cung cip rong rii, do d6 né mé ra mot hudng méi cho viée md
phong cac mbi quan h¢ gitra dir li€u v¢ tinh voi viéc khoi phuc truong luwong mua, vi du nhu
k¥ thuat st dung mang thin kinh nhan tao (ANN) [1, 6-10]; thuat toan hoc may c6 giam sat
dang vector hd trg (SVM) [11-13], cy quyét dinh (DT) [14—15], hoc sau (DL) [16—17]. Bén
canh d6, thuat toan rimg ngau nhién (RF) [18], ciing dwoc sir dung rong rii va rat thich hop
str dung trong viéc udc tinh luong mua vién tham [19-24]. RF 1a mot thuat toan hoc mdy
déng bd, RF ¢6 thé xir 1y hi¢u qua trén céc tap dir li€u lon va cling c6 thé d& dang tinh toan
song song. Hon nira n6 khong yéu cau dic ta cia mot mo hinh dir liéu co ban, né cung cap
kha ning ndm bit cac mo hinh lién két phi tuyén tinh va cé thé xir 1y cac bién dy bao c6 do
tuong quan cao [19]. Nam 2014, tac gia [21] da st dung dit liéu vé tinh MSG-SEVIRI va
thudt toan RF dé xac dinh cudong do mua cua cac sy kién mwa mot cach lién tuc (trong thoi
gian ban ngay, khi hoang hon va dém), két qua nghién ctru cho thidy mo hinh cho két qua rat
t6t trong viéc phat hién khu vuc mua. Trong nghién ctru s dung thuat toan RF dé phat hién
cac sy kién mua 16n [22] thi RF véi thoi gian du bao c¢b dinh 13 30 phiat va 60 phat cho két
qua hoat dong kha tbt (xac suit phat hién tat ca cac loai diéu kién thoi tiét 1én toi gﬁn 90%).
Tac gia [23] da tich hop dit liéu Himawari-8 va san pham thoi tiét s6 (NWP) dé dua ra phan
loai cac diém anh c6 mua va khoéng c6 mua bang phuong phap phan loai RF, sau d6 mo
phong thanh cong udce tinh cuong do mua.

Dir liéu vé tinh Himawari-8 da dugc sir dung rong rai trong nhirng nghién ctru tai Viét
Nam tir ndm 2015 dén nay. Dién hinh 14 céng trinh nghién ctru [25] da ing dung s6 liéu anh
mAy vé tinh Himawari-8 trong du bao, canh bao mua dong cho khu vic Pdng bang song Ctru
Long. Tac gia [26] di nghién ctru tinh toan duoc lwong mua bang viée sir dung dit liéu vé
tinh, radar va do mua tai tram; két qua ciia nghién ciru nay ciing dugc cho 1a tuong ddi kha
quan hon so véi viéc don thuan chi sir dung mot loai thong tin. Tac gia [27] da tinh toan dinh
lugng mua stir dung dir liéu v¢é tinh dia tinh MTSAT ap dung cho khu vue Viét Nam; md hinh
tinh toan mo phong luwong mua 13 mé hinh mang ANN. Nhin chung, két qua chi ra rang
phuong phap ANN da nang cao dugc do chinh xac cua viéc udc lugng mua tir vé tinh
MTSAT. Nghién ctru [28] da danh gia va so sanh cac dir liéu mua v¢€ tinh cho luu vuc song
Ca, két qua cho thdy kha ning nhan dién ngay mua va ngéy khong mura 13 kha tot. Tuy nhién,
turong quan vé lugng mua ngay gitra luong mua quan tric va lwong mua ude tinh tir vé tinh
con tuong d6i thap. N6i chung, cac két qua nghién ctru tai Viét Nam cling dd kha quan va cai
thién hon giai doan trudce, tuy nhién thong tin vé luong mua dua ra chua dat do tin cdy cao,
cac phuong phap ude tinh chii yéu ap dung véi lugng mua ngay ma chwa dé cap toi van dé
chay nghiép vu trong thoi gian thuc vi ban chat mé hinh mang ANN con phic tap. Vi vay,
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trong nghién ciru nay dé xuat phuong phép RF don gian va d& dang tinh toan hon trong viéc
udc tinh lugng mua tir v€ tinh ti¢m cén thoi gian thuyc.

Nhu véy 10 rang la cac phuong phap hoc may khac nhau da dugc s dung rong rai trong
cac ung dung vién tham, khi twong va thuy van dé m6 hinh hoa hiéu qua cac mdi quan hé phi
tuyen tinh gitra céc yéu td du bao va bién khi turgng. Hon nira, cac thudt toan hoc may cling
thé hién 1a rat hiéu qua khi xur ly dir liéu da chiéu va phtc tap. O Viét Nam hién nay, cac
nghién ctru vé phuong phap RF st dung trong wdc tinh luong mua tir vé tinh van con kha
méi mé va chua c6 nhiéu tac gia nghién ctru, dé cip dén. Vi vdy, trong nghién ctru nay ky
thudt hoc may RF dugc str dung dé tinh toan dinh lugng mua tir v€ tinh Himawari cho khu
vuc Viét Nam. Viéc ing dung thuat toan RF nay trong udc tinh lugng mua tir v€ tinh hy vong
s& thiic ddy hiéu qua hon nita img dung khoéi phuc lugng mua trong du bao thoi tiét.

2. S6 liéu va phwong phap

2.1. 86 liéu

S liéu v¢ tinh: dir liéu vé tinh dia tinh Himawari-8, c6 do phan giai khong gian va thoi
gian cao véi tan suit duoc ghi lai sau mdi 10 phut, cac dir liéu quan tric giai doan 2019-2020
da duoc st dung dé tao bo sb licu nghién clru trong bai bdo nay. Bai bao sir dung cic budc
s6ng trung tm cua ba kénh anh hoi nuée WV (6,2; 6,9; va 7,3 um), c6 thé thiy ba dai kénh
anh WV nay nhay cam v&i ting d6i luu tir tang trung dén tdng cao va cac dai nay cho phép
udce tinh sy phan bd luong 4m theo chiéu théng ding tur sy khac biét vé nhiét do choi gitta
cac dai phd 6,2; 6,9; va 7,3 um. Bén canh d6, sau kénh anh hong ngoai IR (8,6; 9,6; 10,4;
11,2; 12,4 va 13,3 pm) duoc su dung dé theo doi bure xa IR tir cac dinh dam may. Su chénh
1éch nhiét do AT dai dién cho su chénh léch nhiét do choéi gitra hai kénh anh. Pé tinh toan
lwong mua tir vé tinh Himawari-8 trong nghién ciru nay st dung t6 hop chénh 1éch nhiét do
choi cua 2 kénh anh khac nhau, nhu da néu ra ¢ trén ta da lua chon 09 kénh anh vay ta s€ co
C2 =36 kénh anh t6 hop va 9 kénh anh riéng 1é dugc sir dung va duoc thé hién trong bang 1.

Bang 1. T6 hop céc kénh anh quan tric bang vé tinh Himawari-8 dugc sir dung dé udc tinh cuong d6 mua.

pm 6,2 6,9 7,3 8,6 9,6 10,4 11,2 12,4 13,3

6,2 6,2 6269 6273 6,2-8,6 6,2-9,6 6,2-10,4 6,2-11,2 6,2-12,4 6,2-13,3

6,9 6,9 6,9-7,3 6,9-8,6 6,9-9,6 6,9-10,4 6,9-11,2 6,9-12,4 6,9-13,3
7,3 73 7,3-8,6 7,3-9,6 7,3-10,4 7,3-11,2 73-12,4 7,3-13,3
8,6 8,6 8,6-9,6 8,6-10,4 8,6-11,2 8,6-12,4 8,6-13,3
9,6 9,6 9,6-10,4 9,6-11,2 9,6-12,4 9,6-13,3
10,4 10,4 10,4-11,2 10,4-12,4 10,4-13,3
11,2 11,2 11,2-12,4 11,2-13,3
12,4 12,4 12,4-13,3
13,3 13,3

S liéu do mua bé mat: 1a s6 liu cua khoang 2000 tram khi twong ty dong/ do mua tur
dong trong giai doan 2019-2020. Trong sO liéu do mua ty dong nay ludn tiém an cac sai so,
vi vay can phai thuc hi¢n viéc kiém soat chat luong dit liéu nay (QC) dé phat hi¢n va loai bo
cac gia tri sai s6 trong dit liéu. Sau khi lai bo toan bo nhirng tram khong dat yéu cau, két qua
thu duoc 866 tram do mua bé mit véi tin suit 10 phut trong giai doan 2019-2020 dat yéu
cau dé dwa vao mo hinh RF (Hinh 1). Hinh 2 dua ra so d6 cac budc thyc hién ciia phuong
phép QC dé loai bo cac tram khi tuong tu dong/ do mua ty dong cod chét luong dit li¢u chua
tot.
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Hinh 1. Mang ludi tram do mua bé mat tai Viét  Hinh 2. So d6 phuong phap kiém soat chét luong dit liéu
Nam. tram do mua bé mat.

t Bién Pong

TruongSa %

2.2. Phwong phap nghién curu

Nghién ciru ndy str dung thuat toan RF dé wdc tinh dinh lwong mua tir cdc kénh anh cia
vé tinh Himawari-8. Nguyén tic co ban ciia phuong phap RF trudc tién 1a tao ra nhiéu cay
phan loai va hoi quy dua trén dir li€u huén luyéndé thu duoc két qua du doan cudi cung theo
sO phan loai nhidu nhat (phan loai: mua hay khong mua; mwa manh hay mua yéu) hodc liy
trung binh (hdi quy, cuong d6 mua) cua tung cay.

Dau vao ctia md hinh RF bao gom 09 kénh anh riéng 1¢ (6,2; 6,9; 7,3; 8,6; 9,6; 10,4,
11,2; 12,4 va 13,3) va 36 kénh anh t6 hop tir 09 kénh anh ndy duoc 1ay tir cac kénh anh cia
vé tinh Himawari-8; ngoai ra cac dir liéu vé gdc phuong vi cta v¢ tinh, 16p phu bé mat, vi tri
dia ly cua tung diém anh vé tinh, bién thoi gian theo do cao mat troi cling dugc thu thap dé
wéc tinh dinh lugng mua. Hinh 3 trinh bay tong quan cac bude cia thuat toan RF dé udc tinh
lrong mua tir vé tinh Himawari-8.

Thuat toan ude tinh lugng mua tir v€ tinh Himawari-8 dugc thuc hién theo cac bude sau:

Budce 1 (xtr 1y dit lidu dau vao): Dit liéu ddu vao gdm 09 kénh anh riéng 1¢ cta vé tinh
Himawari trong giai doan 2019-2020 dwoc dua vao chuin hoa va dong bd vé thoi gian va
khong gian v6i bo dir liéu do mua bé mit ciia 866 tram cung giai doan. O bude nay tur s6 lidu
gdc cua cac kénh anh s& dugc dong bo vé thoi gian 1a 10 phut va khong gian ludi tinh 12 tir -
5°N - 40°N, 95°E - 140°E bao gém kich thude 1125 x 1125 diém ludi, d6 phan giai 4km. Sb
liéu luong mua duge cang 1€n ludi nay va ndi suy ra gia tri diém mua theo ludi vé tinh dé
dong nhat, dugc str dung 1am cd hiéu dé xac nhan 1a c6 mua hay khong mua, mua 16n hay
mua nho. Bo dir liéu ban dau s& duoc tia thua bét cac trudng hgp ma gia tri lugng mua bé
mit bang 0 d¢ bo dit liéu dura vao training s& dugc giam kich thude, quy mé bd s6 liéu tinh
toan va tdi wu may tinh chay (loc khoang 10%). Sau do, kich thudc cua bo dir liéu training
duogc tinh bang ti 18 giira tong sd truong hop c6 mua nhan véi 1. .5 trén tong sd truong hop
khong mua (lwong muwa = 0), con lai 1a bd dir lidu test. Cac trong s6 ctia mdi thanh phan trong
mo hinh training dugc xac dinh thong qua qua trinh luyén mang tir cac b dir liéu training
duogc thanh 1ap.

Budc 2 (phan loai khu vuc c6 mua va khong c¢6 mua): Tir dir lidu gbc & budc 1 thi s&
trich xuét ra duoc truong dir liéu nhiét dJ chodi cua 14 kénh anh nay va dg chénh 1éch nhiét
d6 choi ciia 10 kénh anh t6 hop. Sau d6 duoc dwa vao mo hinh training dé phan loai ra ving
c6 mua/ khong mua, ving c6 mua dugc gan bang 1 va nguoc lai khong mua bang 0. Bo dir
li¢u sau khi da xac dinh dugc vung c6 mua s€ dugc chia theo ti 1€ 80:20 cho bd dir li¢u
training va b dir liéu test dé xac dinh vung mua manh va mua yéu.
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o Chudnhéa dirliéu theo
théi gian va khéng gian

l4— Dirliégu mua
bé mit

Diliéu vé tinh

Budc (1)

Ly ra cdc truomg di lidu vé gbe phuong vi cia vé tinh, 16p phi bé mit, vi
tri dia l}? cua timg diém anh vé tinh, bién th&i gian theo d6 cao mit troi.
Trlch xudt ra cic tru‘rmg nhiét dg ch01 cua 09 kénh a.n.h (6 2; 6, 9 7, 3 8, 6

glu‘a hzu ken.h anh trén

/ \‘ Budc (2)

Khu vize mura Khu vuc khéng mua

/ \ Budc (3)

Khu vizc Khu vize
mra manh mwa veu

¥ v

Cuong dd Cuong
mua dé mura

> Budc (4)

Cuong d6 mwea Y

Hinh 3. So db thuét toan woc tinh lugng mua tir vé tinh Himawari-8.

Budc 3 (phan loai khu vire mua manh va mua yéu): s& tién hanh phén loai cac 6 pixel
mAay giy mua thanh 6 pixel miy gy mwa manh va mua yéu. Nghién ctru sir dung ngudng
mua 0-1,2 mm/ 10 phut dé phan loai khu vuc mua yéu va trén 1,2 mm/ 10 phut 1a khu vuc
mua manh. Sau d6 xay dung dugc 04 mo6 hinh d6 1a m6 hinh mua, khong mua, mua manh,
mua yéu dya trén tap s6 liéu vé tinh Himawari-8 va do mua bé mit giai doan 2019-2020.

Budc 4 (ude tinh cuong do mua): Cuong do mua cua cac 6 pixel diém anh mua manh
va mua yéu dugc udc tinh tir 04 mo hinh xay dung dugc & budc 3. O budc 4 s& xir Iy lam
tron dé trudng lwong mua duoc min hon khi sir dung cac phép ndi suy & cac bude trén.

2.3. Phuong phap danh gid

Dé d4nh gia kha nang udc tinh lugng mua tir vé tinh Himawari-8 ctia phuong phap RF,
nghién ctru da str dung céc chi ) théng ké dé thuc hién viéc so sanh két qua udce tinh dinh
luong mua cua phuong phap RF véi s6 liéu do mua bé mat nhu: ME (cho biét xu hudng 1éch
trung binh ciia du bo so voi quan tric, khong thé hién do 16n cua sai sb, ME = 0 1a hoan
hao), MAE (thé hién bién do trung binh cta sai s6 mé hinh nhung khong néi 1én xu hudng
Iéch cua dy bao va quan tric, MAE = 0 la hoan hao), RMSE (thé hién d6 lon trung binh cua
sai s6, khi gia tri RMSE cang gan MAE thi sai 80 du bao cang on dinh), MAPE (thé hién sai
s6 phan tram tuyét dbi trung binh gilta quan’ tric va du bao, né dung dé danh gia hiéu suit du
bao), R (dung dé danh gia mbi quan hé tuyén tinh giira tap gia tri du bao va tip gid tri quan
tric, R = 1 1a hoan hao), R? (thé hién ti 1¢ phuong sai (mtrc d6 bién thién) ctia mot bién phu
thudc duoc giai thich boi mot bién doc 1ap hay xac dinh mic do ma mot hodc nhiéu bién doc
1ap anh hudng dén mot bién phu thudc, tuy nhién né khong co biét mé hinh du bao 1a tét hay
xau ciing nhu khong biét duge dy bao va quan tric c6 sai léch hay khong, vi du R2 = 0,5 thi
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nghia 1a m§t nira mtrc d thay ddi gia tri du béo dugc co thé duge giai thich béng cac gia tri
quan trac).

Chi s6 ME: ME =~ Z(S -G)) 1)
i=1
Chi s6 MAE: MAE = HZ|si -G| )
i=1
Chi s6 RMSE: RMSE = /12(5i -G,)? (3)
nis
S -G
Chi s6 MAPE: MAPE = Z (4)
ng G
, 2.(S,~5)(G, ~G)
Hg s6 twong quan R: R=— i - (5)
JZ(Si -5)*>.(G, -G)’
i=1 i=1
Z(Si _Gi)2
Hé sb xac dinh R%: R? =1— =L (6)

n

[3(5,-G)* +3(5,-6.)’]

Trong cac cong thuc trén, n 1a s6 diém co dit lidu, Si1a lugong mua ude luong tir vé tinh
theo phuong phap RF dugc nghién ciru, Gi la mua quan trac bé mat, S 1a lugng mua udc
lurong trung binh tir vé tinh va G 1a lugng mua trung binh quan trac tir bé mat.

3. Két qua va thao luin

Phuong phap RF dugc st dung dé udce tinh lugng mua tir v¢ tinh va do mua bé mat dé
tao ra truong lugng mua co chét luong cao v6i d6 phan giai khong gian cao bang cach két
hop uu diém cua céc quan tric do mua bé mit va udce tinh dinh lugng mua tur v¢ tinh. Két
quéa danh gia cua phuong phap RF véi wdc tinh dinh lugng mua tir vé tinh va do mwa bé mat,
thoi gian uée tinh 10 phit cho 04 trudng hop mua: trudng hop thir nhat tir ngay 01/08/2019
dén ngay 04/08/2019; trudng hop thir hai tir ngay 02/09/2019 dén ngay 05/09/2019; truong
hop thir ba tur ngay 02/03/2020 dén ngay 04/03/2020 va trudng hop cudi cing xay ra tir ngay
24/06/2023 dén ngay 27/06/2023.

Ap dung phuong phap RF, mot vai két qua udc tinh lugng mua tir v€ tinh Himawari-8
tai mot vai op du bao dién hinh cta 04 trudong hop mua cy thé dugc danh gia théng qua cac
chi s6 thong ké (Bang 2).

Bang 2. Két qua danh gia udc tinh lugng mua 10 phit ctia 04 truong hop mua.

Thoi gian RMSE MAE ME MAPE R? R
Truong hop 1: tir 10h00 dén 10h50 UTC ngay 03/08/2019
10h00 1,05 0.62 -0,11 1,07 0,50 0,83
10h10 1,26 0,68 -0,14 1,03 0,48 0,80
10h20 1,13 0,68 -0,16 1,18 0,49 0,81
10h30 1,09 0,61 -0,13 1,11 0,49 0,84
10h40 1,33 0,69 -0,16 1,26 0,44 0,82
10h50 1,06 0,59 -0,14 1,01 0,48 0,84
Trudng hop 2: tir 17h00 dén 17h50 UTC ngay 04/09/2019
17h00 1,94 0,95 -0,86 0,61 0,36 0,91
17h10 1,50 0,76 -0,72 0,56 0,45 0,96
17h20 1,35 0,77 -0,74 0,53 0,41 0,94
17h30 1,29 0,71 -0,66 0,60 0,37 0,91
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Thoi gian RMSE MAE ME MAPE R? R
17h40 1,48 0,78 -0,66 1,09 0,27 0,83
17h50 1,35 0,69 -0,62 0,57 0,30 0,89

Truong hop 3: tir 04h00 dén 04h40 UTC ngay 04/03/2020
04h00 1,55 0,87 -0,84 0,68 0,21 0,93
04h10 1,71 0,86 -0,85 0,62 0,25 0,91
04h20 2,14 1,05 -0,98 0,67 0,26 0,89
04h30 2,17 1,10 -1,02 0,62 0,29 0,91
04h40 1,79 0,89 -0,85 0,63 0,27 0,93

Trudng hop 4: tir 19h00 dén 1950 UTC ngay 26/06/2023
19h00 1,74 0,79 -0,69 0,64 0,43 0,85
19h10 1,74 0,76 -0,51 0,89 0,41 0,81
19h20 1,81 0,79 -0,63 0,80 0,43 0,91
19h30 1,42 0,61 -0,48 0,72 0,40 0,88
19h40 1,31 0,64 -0,53 0,73 0,32 0,87
19h50 1,08 0,57 -0,46 0,82 0,33 0,85

Két qua danh gia 04 truong hop cu thé ciia dot mwa nghién ctru cho thay rang, ddi véi
tat ca cac thoi diém & cac trudng hop khac nhau thi chi s6 ME déu nho hon 0, diéu nay cho
thdy mua wdc lugng tir vé tinh luén dugc danh gia thip hon so véi mua bé mat. Cac gia tri
RMSE biéu thi d6 16n trung binh cua sai sd, trong cac truong hop nghién ctru, do 16n trung
binh ciia sai s6 dao dong tir 1,05 (10h00 ngay 03/08/2019) dén 2,17 (04h30 ngay 04/03/2020),
MAE dao dong tir 0,57 (19h50 ngay 26/6/2023) dén 1,1 (4h30 ngay 04/03/2020). Chi so
MAPE dao dong trong khoang tir 0,5-1,3, MAPE c6 gia tri thdp nhat 1a vao 17h20 ngay
04/09/2019 v&i MAPE bang 0,53. Gia tri h@ s6 xac dinh R? cho biét mirc d6 phu thudc cia
bién dy bao duge giai thich boi bién doc lap, trong cac truong hop trén R? dao dong trong
khoang tir 0,2 dén 0,5, cho thay c6 khoang ter 20 dén 50% mirc d6 bién thién du bao dugc co
thé dugc giai thich bang cac gia tri quan trac Mbi quan hé tuong quan gitta lrgng mua udce
tinh dugc tir vé tinh va luong mua quan tric dat gia tri rat tot vi R déu dat trén 0,8. Tai
17h10 ngay 04/09/2019 gia tri hé s6 twong quan dat gi tri cao nhat véi R 1én toi 0,96. Hinh
4 dua ra biéu do scatter mua vé tinh va mua bé mit tai thoi diém 17h10 ngay 04/09/2019, ta
thdy véi luong mua 16n hon 2mm/10 phat, phuong phap van chua thé cho két qua udc luong

mua tét, véi cac diem khéng nam té,p trung Xung scatter AWS and QPE : 201909041710 - 10p
\ 7 ’ \ J4 A 7 A A 14 +
quanh duong chéo chinh ma c6 sy phan tan léch vé RMSE=1.50
A 7 MAE=0.76
m()t phla. 12 { ME=-0.72
R ) . . MAPE=0.56
M6 phong truong lugng mua cho 04 truong R2=0.45

7 2 R=0.96
hop mua dugc udc tinh. Két qua chi ra rang, 1

phuong phap da nam bat dugc trong tim cua khu
vure xay ra mua 16n. Udc tinh lugng mua tir vé tinh
cho du bao khéng tai mot sd diém tram, bén canh
do, tai mot sb tram do mua bé mit trong thuc té xay
ra mua nhung phuong phap van chua thé nim bit
duogc. Gia tri udc tinh lugng mua tir vé tinh tai mot
s6 diém van co sy sai 1éch nhét dinh so v&i thuc té.
Tai diém mua cuc tri luong mua udc luong déu cho
thdy xu “huéng thién thip hon so v6i mua tai tram Raingauge [mm]
quan trac Dudéi day, trinh bay mot truong hop cu  Hinh 4. Biéu db scatter mua vé tinh va mua bé

thé vé truong lwong mua dugc md phong theo mat i thoi diém 17h10 UTC ngay 04/09/2019.
khéng gian gitta udc tinh lugng mua tr vé tinh

Himawari-8 sir dung phwong phap RF so véi tram do mua bé mit tai thoi diém tir 10h00 dén
10h50 UTC ngay 03/08/2019 véi thoi gian woc tinh 10 phit (Hinh 5). Két qua udc tinh luong
mua thu duge tir vé tinh dugc quy vé cac diém tram dé so sanh v6i luong mua thuc té tai
diém tram.

QPE [mm]

T T
12 14
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b. Po muwa bé mat (10h00)

/,s

\
S0, 0O

g. Udc tinh lugng mua tir vé tinh (10h30)

h. Po mua bé mit (10h30)
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k. U6c tinh lvgng mua tir vé tinh (10h50) 1. Do mwa bé mit (10h50)
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Hinh 5. Két qua mé phong trudng lwong mua udce tinh tir vé tinh va tram do muwa bé mat voi thoi
gian udc tinh 10 phut tr 10h00 dén 10h50 UTC ngay 03/08/2019.

=]
<

3.0
2.0

*® ol <
— — —

2.5

Tai thoi diém wdc tinh dinh lugng mua 10 phat tir 10h00 dén 10h50 ngay 03/08/2019,
s6 liéu mua thuc té cho théy cac diém X4y ra mua vira dén mua to, tap trung tai cac tinh thude
khu vuc Bac B, tinh Thanh Héa va tinh Nghé An. Két qua mé phong cua trudng luong mua
tr v¢ tinh cho théy phuong phap RF da nam bt duoc trong tam cua dot mua lon 6 quanh
khu vuc dong bang Béic Bo. Tuy nhién, so sanh tir hinh 5a dén 51 thi c6 thé thiy rang, gia tri
ctia cac diém mua cuc tri duoc ude tinh tir v€ tinh nho hon so voi diém mua xay ra ¢ thuc té.
Ngoai ra, du bao khdng xay ra & mot s6 diém tram trén cac khu vuc cac tinh Lang Son, Cao
Béng. Tai mot s6 diém tram thude khu vuc cac tinh Lao Cai, Lai Chau, Pién Bién, Son La
phuong phap uéc lwong mua tir vé tinh chua nim bat duge mot sd diém tram xay ra mua.

4. Két luén

Trong nghién ctru nay, mdt phuong phap udc tinh dinh lugng mua dya trén mé hinh
thuat toan RF d3 duogc dé xuit thir nghiém. Nghién ctlru da trinh bay vé thuat toan RF sir dung
trong udc tinh lugng mua tir dir liéu vé tinh Himawari-8 véi dir liéu ctia 09 kénh anh (6,2;
6,9; 7,3; 8,6; 9,6; 10,4; 11,2; 12,4; va 13,3 um), 36téhopu}céckénhénhdévéséliéucﬁa
866 tram do mua bé mit. Phuong phap RF dugce dé xuét trong nghién ctru trén da dat duoc
nhirng tién bod trong viéc truy Xuat udce tinh lwgng mua tur vé tinh. Voi 04 trudng hop mua
dugc nghién ctru, két qua chi ra rang: nghién ctru thanh cong trong viéc xac dinh trong tim
ctia dot mua 16n. Tuy nhién van c6 nhitng diém tram mua wdc lugng tir vé tinh cho du bao
khéng va ¢ nhitng diém mua udc luong van chua thé nam bat duge chinh xac diém mua.
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Tai cac diém mua cuc tri, gia tri cua lugng mua udc tinh tir v¢ tinh cho két qua thién thép
hon so v6i thuc té. Mbi quan hé tuyén tinh gitta lwong mua quan tric va lugng mua mo phong
tir vé tinh dat & mirc danh gia rat tot v6i gia tri hé s6 tuong quan R dat tir 0,8 trd 1én; véi gia
tri chi s6 MAE du6i 1,1mm va RMSE duéi 2,17 mm.

Dong gop cua tac gia: Xay dung y tudng nghién ctru: N.V.T., B.T.K.H.,, NNM.C,, N.T.H.A;;
Lua chon phwong phap nghién ctru: N.V.T., B.T.K.H., N.T.H.A.; Xt Iy s liéu: N.M.C.,
H.T.T.T.; Phan tich miu: H.T.T.T., N.M.C., B.T.K.H.; Ldy midu: B.T.K.H., HT.T.T,,
N.T.H.A.; Viét ban thao bai bao: N.V.T., B.T.K.H., H.T.T.T., N.T.H.A. Chinh sira bai bao:
B.T.KH, HT.T.T, NT.HA.

Loi cam on: Tap thé tac gia trin trong cam on su hd tro ctia dé tai nghién ciru khoa hoc cip
qudc gia “Nghién ctru ing dung dong quang dé u6c luong va du bao dinh luong mua cho
toan lanh thd Viét Nam trén co s¢ sd liéu vé tinh Himawari va Radar thoi tiét”, ma sb
DTPL.CN-58/21.

Loi cam doan: Tap thé tac gia cam doan bai bao nay 13 cong trinh nghién ctru cua tap thé
tac gia, chua dugc cong bd ¢ dau, khong dugc sao chép tir nhitng nghién cuu trude day;
khong c6 su tranh chap loi ich trong nhom tac gia.
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Quantitative Estimating Precipitation using Himawari-8 satellite
data based on the Random Forest machine learning

Nguyen Vinh Thu'*, Bui Thi Khanh Hoa?!, Nguyen Minh Cuong?, Hoang Thi Thanh
Thuat!, Nguyen Thi Hoang Anh!
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Abstract: The paper uses the Machine Learning Random Forest (RF) method for
quantitative precipitation estimation based on Himawari -8 satellite data. The data used are
09 individual image channels and 36 combined image channels of Himawari-8 satellite data
and rain gauge data to estimate rainfall for the Vietnam area. The RF method is
experimentally applied to 04 heavy rainfall events occurring in 2019, 2020, and 2023. The
results show that the RF method has simulated the center of heavy rain areas. The correlation
coefficient between the estimated rainfall from the satellite and the observed rainfall (R)
reaches 0.8 or more, with the Mean Absolute Error value (MAE) is less than 1.1 mm and
the Root Mean Squared Error (RMSE) is less than 2.17mm. However, the RF method shows
the estimated rainfall which tends to be lower than the observed rainfall.

Keywords: Rainfall estimation; Himawari-8 satellite; Random Forest.
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Phan tich kha nang mat on dinh dwong bo song Tién qua huyén
Cii B¢, tinh Tién Giang
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Ban Bién tap nhan bai: 1/9/2023; Ngay phan bién xong: 7/10/2023; Ngay dang: 25/11/2023

Tém tat: Céu trac dia chat bo song Tién doan qua huyén Cai Be, tinh Tién Giang gdm nhiéu
loai dét yéu c6 thanh phan khac nhau, cing véi ché do dong chay song phirc tap da gdy nén
hién tugng mat 6n dinh. Noi dung cua bai bao dé cap dén kha nang mat on dinh bo séng
T1en doan qua huyén Cai B¢, tinh Tién Giang. Bang phuong phap sO va g dung phan
mém GEO-SLOPE, bai bao dd mé phong duong bd va cac yéu to tac dong, dé Xuat hai blIOC
phan tich on dinh & trang thai ty nhién va bi x6i v6i dién tich khac nhau (18 m?, 18+20 m?,
18+20+25 m? va 18+20+25+25 m?), két qua nghién ctru cho thay, hé s6 on dinh bi suy giém
1d rét khi dién tich x6i ting va giam tir 1,070 xudng 0,896. Nhu vdy, c6 thé thiy ngay &
trang thai ty nhién, duong bd ¢6 hé s6 6n dinh khong cao, khi bi x6i 10 ddc biét dién tich
x6i tang, bd bj mat 6n dinh.

Tir khoa: Mat 6n dinh; Huyén Cai Bg; Dit yéu.

1. M& dau

Trén thé gidi, tac gia [1] 1a nguoi dau tién dua ra chi tiéu on dinh long song la ti s gitra
sic can chdng lai su chuyen dong cua cat va ap luc thuy dong cua dong nudc tac dong Ién
cat long. Nghién ctru cac yeu t6 gay mat 6n dinh 1ong song, tac gia [2] cho rang phuong phép
can bang gidi han ciing ¢6 nhiing sai s6 dang ké khi tinh 6n dinh dong song do phuong phap
tiép nhan dong hoc va tinh déu chua thuc su hop 1y. Tac gia [3] da nghién ctru co ché pha
hoai ciia mai doc trong cac loai d4t chiu bat ky loai ngép ung nao, dac biét, khi dat chuyen tr
trang thai khong bao hoa sang trang thai bao hoa, va khang dinh ‘nghién ctru thue dia 1a mot
phuong phap kha hiéu qua dé cung cép thong tin chinh xdac nhét. Tac gia [4] cho rang x6i
mon bo séng 1a mot qua trinh dia mao ty nhién xay ra ¢ tit ca cac kénh khi diéu chinh kich
thudc va hinh dang kénh dé van chuyén luu luong va phu sa. Cac co ché pha hoai xay ra 0
hai phan ctia bd song doc theo séng Arno, mién Trung nudc Y, dugc nghién ctru chi tiét bang
mot loat cac quan sat hién truong dinh ky va do dac ho so b [5]. Ap luc nude 16 rdng (dwong
va am) duoc theo ddi trong bon nim (1996-1999) bang cach st dung mot loai may do ap sut
cing & Cac do sau tai mot bo song Sieve, Tuscany, nudc Y, dé khao sat su thay doi ap luc
nude 16 rdng va anh huéng dén sy on dinh cta bo séng [6]. Tac gia [7] khang dinh su ¢
cong trinh bd song phu thudc vao tinh chit ctua dat va sy dao dong ciia myc nudce song. TAC
gia [8] d3 phan tich cac nguyén nhan c6 thé xay ra, co ché, phuong phap dy béo pha huy b
va dé ra cac bién phap bao vé bo khac nhau.

Tai Viét Nam, cac van dé vé sat |6 bd song duoc danh gia bang nhiéu phuong phéap khac
nhau nhu céng nghé vién tham [9], phuong phéap phan tich thr bac AHP va GIS [10], phan
tich anh vé tinh [11]. Tac gia [12] d4 nghién ctru dién bién x6i 16 - bdi tu 1ong séng Tién doan
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Tan Chau Hong Ngu tir goc nhin cua dia mao hoc. Tac gia [13] da tién hanh phan tich cac
yéu té anh hudng dén 6n dinh bo song tai doan song Cha Va, tinh Vinh Long bang phuong
phap 1y thuyét két hop vé6i viéc khao sat, do dac, do luu tbe dong chay va phan tich anh vién
tham. Tac gia [14] cling da xac dinh nguyén nhan sat 16 bd song Cai Sén, thanh phé Can Tho
theo phuong phap khao sat thuc dia. Tac gia [15] de cap dén anh huong cua cac yéu tb dia
chat, thuy van dén 6n dinh bo song Cai Vung, huyén Hong Ngu, tinh Dong Thap. Vién Khoa
hoc Cong nghé [16] di dé cap dén nguyén nhan giy x6i 1& bd séng Vu Gia - Thu Bdn tinh
Quang Nam. Tac gia [1/] da nghién ctru twong quan x0i 16 - bdi tu mot s6 khu vuc 1ong song
Tién, song Hau. Tac gia [18] nghién ctru du bao sat 16 tai khu vuc cu lao Long Khénh trén
s6ng Tién va d& xuit cac giai phap bao vé. Tac gia [19] cling danh gia 6n dinh bo song Cai
Lan, huy¢n Cai Be¢, tinh Tién Giang.

Nhu vay, c6 thé thay trén thé gidi ciing nhu ¢ Viét Nam, da c6 cac nghién ciu vé mat on
dinh bd song. Tuy nhién, do dac thi cia timg doan song va diéu kién dia chat cong trinh caa
b s6ng, ma van dé mat 6n dinh bo hang nam van dién ra véi toc do va quy md khac nhau.

Séng Tién dong vai trd quan trong trong Viéc cung Cap nudc va phu sa cho ddng bang
song Ctru Long. Tuy nhién, hang ndm thuong Xxay ra mat 6n dinh vai toe do va quy mo khéc
nhau. Do d6, can phai nghién ctru ching dé giam bét thiét hai cho con ngudi ciing nhu hoat
dong kinh té cong trinh cua con nguoi. Bo séng Tién doan huyén Céi B, tinh Tién Giang
ton tai nhiéu diém mat 6n dinh anh hudng dén doi séng cua con ngudi va céc hoat dong kinh
té cong trinh. Mic du da c6 nhiing giai phap dé phong tranh hién tuong sat 16, tuy nhién,
hang nim sat 1& van dién ra. Do vy, ndi dung bai bao dé cap dén hién trang mat 6n dinh bo,
dé xuat cac kich ban x6i 16 bo dong thoi phén tich danh gia kha nang mat on dinh dudng bo
song Tién doan qua huyén Céi Bg, tinh Tién Giang. Pay 1a co s¢ dé dé ra cac giai phap xu ly
c6 hiéu qua phuc vu phét trién bén viing cua dia phuong.

2. Phuong phap nghién ciru va thu thap sb lidu

2.1. Gioi thiéu khu vuc nghién cuu

Song Tién dong vai tro quan trong trong viéc phat trién kinh té - xa hoi dong bang song
Cuu Long. Song Tién c6 nhiém vy cung cap nudc tudi tiéu, phat trién thong thuong va cung
cap ngudn vat liéu phti sa, ngudn vat liéu xay dung (Hinh 1). Tuy nhién, do tac dong cua ty
nhién ciing nhu hoat dong nhan sinh ctia con ngudi ma bo séng Tién thudng xuyén bi mat 6n
dinh. Tac gia [11] da dé cap sat 15 dién ra thudng xuyén trén duong bd séng Tién, 1am mat
dign tich canh téc, hu hai cac cong trinh xay dyng va anh hwong dén hoat dong kinh té céng

Hinh 1. Hinh thai song Tién va song Hau.
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Trén dia phén tinh Tién Giang, hién tuong mét on dinh bo cling chu yéu la sat 1o, & giai
doan tir nim 2000 dén nam 2005 d3 mét di 451 ha, giai doan 2009 dén nam 2014 sat 16 voi
dién tich 909,15 ha (tang hon 100%), con & cac giai doan khac thi dién tich sat 16 thép hon.
Téc do sat 16 tai cac bo song thudce tinh Tién Giang ciing rat nhanh, 1én dén 90,2 ha/nim &
giai doan 2000-2005.

Trén doan song qua dia ban huyén Cai B¢, tinh Tién Giang (Hinh 2), sat 16 dién ra voi
téc d6 16n va nghiém trong. Sat 16 dién ra thuong khong theo qui lut va xay ra & bat ky thoi
diém nao trong ndm. Tuy nhién, sat 16 véi nguy co cao ¢ thoi diém trudc va sau mdi mua li
hang niam. Bang cac sb liéu théng ké tir nim 2016 dén nam 2020, tinh Tién Giang di phai
tién hanh xtr Iy 547 diém sat 16, véi téng chiéu dai 51139 m. Chi riéng nim 2019, tong chiéu
dai sat 16 12 4700 m va chi phi khic phuc 1én dén 48 ty dong. Trong d6, huyén Cai Bé co 42
diém sat 1o véi téng chiéu dai 2550 m. Nam 2020, tinh ¢6 132 diém sat 16 véi téng chiéu dai
8.527 m, wdc kinh phi xtr Iy khoang 114,4 ty dong. Cho dén nay van con 39 diém sat 16 chua
dugce xtr 1y, c6 tong chiéu dai trén 2255 m vdi tong kinh phi xir Iy udc trén 39,6 ty dong.

Kénh 12

Cai Lay.

a béc

CaiTau Ha Chg Lach

Vinh Long
Hinh 2. Vi tri doan song Tién thuc Huyén céi Be.
2.2. Phwong phdp nghién civu va thu thdp so liéu
So dd cau trac nghién ctru duge tom tit theo so do hinh 3.

Lua chon phﬁn mém tinh toan GEO - SLOPE

Lua chon vi tri nghién ciru, thu thap cac tai liéu vé dia chét cong trinh, dia chét thiy van va
mang ludi thiy van

Khao sat thue dia va anh vé tinh khu vuec sat 16
Thiét 1ap m6 hinh, cac thong s ciia dat, nude va tai trong ngoai
Thiét 14p bai toan trén phin mém GEO - SLOPE
Xay dung cac kich ban x61
Chay mé hinh va xac dinh cac hé sb 6n dinh
Phan tich, danh gia bai toan
Han ché, hudng phat trién nghién ctru

Hinh 3. So d6 c4u trac nghién ciru.
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Lua chon mit cit tai KO+25m thudc du an “Xir 1y sat 16 dé ven Song Tién” [20] tai 3 xa
Hoa Hung, An Hitu, TAn Thanh. Dy 4n ndm trén huyén Cai Be, tinh Tién Giang, vi tri du 4n
thudc bo trai ctia cta séng Tién, chiéu dai tuyén 300m va dugc thé hién & hinh 4. So hoa mat
cat tinh toan tai KO+25m dugc thé hién tai hinh 5.

$An Nhon

Hinh 4. Vi tri mat cét tinh toan.
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Hinh 5. Mit cit tinh toan K 0+25m.

Pé tinh toan 6n dinh bo séng Tién doan qua huyén Cai Bé, tinh Tién Giang, st dung
phin mém GEO-SLOPE. Phin mém GEO-SLOPE la mot phan mém Dia ky thuat cta
Canada. Trong d6, moédun SLOPE/W - trong phan mém GEO-SLOPE sir dung dé tinh toan
6n dinh mai doc ty nhién, ta luy cua duong dap, taluy cua duong dao, déap dat, dé chan song,
cac loai twong chin, cling nhu 6n dinh ctia cic méi doc hay suon ddc trong truong hop cé gia
cb nhu dét chén c6t nhu neo, dat co c6t thém vai dia ky thuat va ludi thép. Viée tinh toan hé
s6 On dinh trong phan mém dua vao phuong phap can bé‘mg gi6i han LEM. Phuong phap tinh
toan lya chon la phuong phap Bishop. Khi tinh toan 6n dinh, gia thiét mat truot la cung tron
hinh tru, chia khéi truot ra nhiéu cac manh khac nhau va tinh toan hé sé 6n dinh (FOS) bang
ty sb giira luc chong trugt va luc gy truot. NéuFOS =1, mai dbc & trang thai cin bang gidi
han, FOS > 1, mai ddc 6n dinh va FOS < 1, mai déc bi mat 6n dinh. Cac thong dau vao cac
16p dit dugc thé hién trong bang 1.
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Bang 1. Thong s6 dau vao céac 16p dit cho phan mém GEO-SLOPE.

17

] Lép sb 2 ] ] ]
Lép dat Lép so 3 (Layer 3 Lép so 4 (Layer 4 Lép so 5 (Layer 5
op (Layer 2) 6p s0 3 (Layer 3) 6p s0 4 (Layer 4) op s0 5 (Layer 5)
L Cat hat min 14n sét . . L

. Sét trang thai chay ok Dat sét trang thai Cat min lan sét trang

Mo ta o ) trang thai chay dén L o

dén déo chay ] déo mém thai déo
déo
Cao d¢ dinh 16p, m 1,0 -4,2 -21,6 -25,9

M6 hinh
Khdi lwgng thé tich, v,
kN/m?3
Lyc dinh két, C, kPa
Go6c ndi ma sat, @, do

Mohr - Coulomb
16,2

7
52

Mohr - Coulomb
18,4

7,1
15,2

Mohr - Coulomb
17,4

14
9,0

Mobhr - Coulomb
19,5

8
19,7

Theo bao cao khao sat thay vin, muc nudc thap nhat tai khu vuc nay la
Mnmin = -1,5 m, tuong tmg véi tan suat thiét ké P = 95%. Muc nudc nay s& dugc 1y dé phan
tich 6n dinh b song.

Qua trinh nghién ctru mét 6n dinh dugc tuan theo hai budc:

Budc 1: Phan tich 6n dinh bo song ¢ trang thai hién trang (trang thai tu nhién). Trudong
hop tinh toan khong c¢6 hoat tai giao thong duoc thé hién tai hinh 6 va co hoat tai giao thong
véi tai trong 10kPa tai hinh 7.

Budc 2: Khao sat anh huong cua tién trinh x6i long song dén 6n dinh cua bd song. Qua
trinh nghién ctru véi 4 mirc do x6i khac nhau (giai doan 1: dién tich x6i 1a 18 m?, giai doan
2: dién tich x06i tiép sau giai doan 1 1a 20 m? (téng dién tich x6i 1a 18 m? + 20 m?), giai doan
3: dién tich x6i tiép sau giai doan 2 1a 25 m? (téng dién tich x6i 1a 18 m? + 20 m? + 25 m?),
giai doan 4: dién tich x6i tiép sau giai doan 3 1a 25 m? (tong dién tich x6i 1a 18 m? + 20 m?+
25 m? + 25 m?).

3. Két qua va thio luin

K&t qua phan tich 6n dinh bo song bang phan mém GEO-SLOPE ¢ buéc 1 dugc thé hién
¢ hinh 6 va hinh 7. Hinh 6 thé hién cung trugt va hé s6 on dinh khi bo song khong co hoat
tai tac dung. Hinh 7 thé hién cung truot va h¢ s6 6n dinh khi bo sdng c6 hoat tai 1a tai trong
giao thdng 10 kPa.
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Hinh 6. Phan tich 6n dinh khi khéng c6 hoat tai phia trén, hé s6 6n dinh FOS = 1,070.

Theo két qua ¢ hinh 6 cho thay hé s on dinh ctia bo song FOS = 1,070 va theo két qua
¢ hinh 7 cho thay, khi 5:(’) hoat tai 10 kPa thi hé s6 on dinh cua bo séng gié}m xuong va chi
con FOS =1,045. Tir két qua phan tich tinh toan ¢ hinh 6 va hinh 7 c¢6 thé thay vai hién trang
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bo song khé thodi ¢ vi tri mat cét thi bo song on dinh. Tuy nhién, khi bo song c6 hoat tai hay
khong 6 hoat tai giao thong sat bo thi h¢ s6 6n dinh bo song 1a rét thép, chi 1on hon 1 mot
chut. Cac hé sé 6n dinh nay cho thay bd song sap t6i trang thai can bang t6i han, c6 thé dé
dang bi sat 16 khi c6 tac dong. Diéu nay co thé nhan dinh 1a do cac 16p dat da doc bo song
kha yéu, nén tinh 6n dinh cta bd séng khong cao.

Cao doé (m)
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Hinh 7. Phan tich 6n dinh khi c6 hoat tai giao thong 10 kPa, hé s6 6n dinh FOS = 1,045.

C6 thé nhan thay 16p dat sb 3 13 16p cat min 14n sét rat d& bj x6i do tac dong cua dong
chay. Viéc x01 bo song s€ lam giam tinh 6 6n dinh cta bo song gdy ra sat 16. Duoi day s¢ tién
hanh phan tich dién bién x6i dé khao sat sy anh hudng ciia né dén 6n dinh bd séng. Mo phong
bai toan véi 16p dat 3 bi x6i véi cac dién tich khac nhau. Cac giai doan sau bi X061 nhiéu hon
cac giai doan trude. Cac dién bién x6i va phan tich 6n dinh duoc thé hién tir cac hinh 8 den
hinh 13. M6 hinh thiét 1ap c6 hoat tai giao thong 10kPa va cac thong s6 ctia md hinh giéng
nhu trudng hop ¢ hinh 7 va 16p dat sb 3 bi x6i voi dién tich khac nhau.
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Hinh 8. Giai doan x6i 1 (dién tich x6i 18 m?).
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Hinh 9. Hé s6 6n dinh & giai doan x6i 1. FoS = 1,036.

So sanh hinh 8, hinh 9 v6i céc hinh 6 va hinh 7 cho thdy, khi 16p dét s6 3 b x6i véi di¢n
tich 1a 18 m2, h¢ s6 6n dinh da bi giam tir 1,070 va 1,045 xudng con 1,036, b& song dan dan

bi mét én dinh.
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Hinh 10. Giai doan x6i 2 (dién tich x6i 20 m?, tong dién tich x6i sau giai doan 2 1a 18 m?+20 m2).
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Hinh 11. Hé s6 6n dinh & giai doan x6i 2, FOS = 1,032.
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So sanh hinh 10, hinh 11 véi cc hinh 6 va hinh 7 cho thiy, khi 16p dat s6 3 bi x6i véi
dién tich 1a 20 m? (tong dién tich x6i 1a 18 + 20 m?), hé s6 on dinh da bi giam tir 1,070 va
1,045 xuong con 1,032, bo song dan dan bi tién tdi trang thai can bang gidi han, mat trugt ¢o
su thay doi so voi giai doan 1.
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Hinh 13. Hé s6 6n dinh & giai doan x6i 3, FOS = 0,947.

So sanh hinh 12, hinh 13 véi cac hinh 6 va hinh 7 cho thiy, khi 16p dat s6 3 bi x6i véi
dién tich 1a 25 m? (tong dién tich x6i 1a 18 + 20 +25 m?), hé s6 6n dinh da bj giam tir 1,070
va 1,045 xubng con 0,947 < 1, bd song bi mat 6n dinh. Mit truot chi con trong 16p 1 va 16p
2, nho hon so voi giai doan 2.
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Hinh 15. Hé s6 6n dinh ¢ giai doan x6i 4, FOS = 0,896.

So sanh hinh 14, hinh 15 v&i cac hinh 6 va hinh 7 cho thdy, khi 16p dét sé 3 bi x6i voi
dién tich 1a 25m? (tong dién tich x6i 1a 18 + 20 +25 + 25 m?), hé s 6n dinh da bi giam tir
1,070 va 1,045 xudng con 0,896 < 1, b song bi mat 6n dinh. Mit truot chi con trong 16p 1
va 16p 2, nho hon so véi giai doan 3. Téng két hé s6 On dinh ¢ cac giai doan phan tich dugc
thé hién ¢ bang 2 va hinh 16.

Bang 2. H¢ so on dinh ¢ cac giai doan khac nhau.

Giai doan . Bo co Giai doan x0i Giai doan Giai doan
L Bo tw nhién .. : L L Giai doan xoi 4
X0i i hoat tai 1 X0i 2 X0i 3 :

Téng dié

Sone dien ; - 18 18+20 18+20+25 18+20+25+25
tich x06i, m?

HA A A

esoon 1,070 1,045 1,036 1,032 0,947 0,896

dinh, FOS
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Hinh 16. Hé s6 6n dinh & céac giai doan khéc nhau.

Nhu vay, theo dién bién x6i 1ong séng dudi su tac dong ctua dong nudc c6 thé thiy tinh
6n dinh ctia bo séng giam di ro rét. Hé sé on dinh ctia bo song giam tir 1,070 xudng 0,896 &
giai doan x6i 4 theo két qua phan tich. Diéu nay c6 nghia bo song c6 thé sat 16 bat cir lac nao
va nguy co tiém an rat nhiéu rdi ro.

C6 thé théy bo song doan qua hién Cai Bé c6 nén dia chat yéu, ngay ca khi ¢ trang théi
hién tai, sy O6n dinh ctia duong bo 1a khong cao, cong v6i viée x6i 1¢ do dong nude nghich s&
lam tang nguy co sat 16. Didu nay co nghia can phai c6 cac giai phap két hop gilta giai phap
cong trinh (lam ke song) va giai phap chong x01 16 long song (tra tham da...) dé giam nguy
co sat 1¢ bo séng. Can nghién ctru ky dé dua ra dugc giai phap t6i wu cho trudng hop nay.

4. Két luan

Tur két qua nghién ctru c6 thé rat ra mot s6 két luan sau:

Bang phuong phap sb sir dung phan mém GEO - SLOPE, mé phong duong bo va cac
yéu td tac dong, dé xuat hai budc phan tich ¢ trang thai ty nhién va phéan tich & doan b bi
x6i v6i dién tich khac nhau, két qua nghién ciru cho thiy, hé s6 6n dinh bi suy giam rd rét khi
dién tich x61 tdng, lam mét on dinh bo.

Qua phan tich tinh toan cé thé thay x6i bo song 1a mét trong nhitng nguyén nhan chinh
gy mat 6n dinh bd song. Dé 6n dinh bd song can c6 nhing giai phap chdng x6i két hop cac
giai phap khac bang két ciu cong trinh.

Nbi dung ctia bai bao mai d& cap dén hién twong mat 6n dinh bd song Tién do x6i 16p
sd 3, chua dé cap dén anh huong cua ché d6 dong chay dong toi su 6n dinh, x6i 1ong va xoi
day. Hudng tiép theo ciia nghién ctru s& phan tich day du cac nguyén nhan gay mat 6n dinh
cling nhu dé xuat phuong phap phong chéng hién tuong mat 6n dinh bo.

bong gop cua tac gia: Xay dung y tuong nghién ciru: N.H.K.,, N.T.N., B.T.S.; Lya chon
phuong phap nghién ctru: N.T.N.; Xt Iy s6 li¢u: N.H.K.; Viét ban thao bai bdo: N.T.N.,
N.H.K., B.T.S.; Chinh stra bai bao: N.T.N., N.H.K., B.T.S.

Loi cam doan: Tép thé tac gia cam doan bai bao ndy 1a cong trinh nghién ctru cua tip thé
tac gia, chua dugc cong bo & dau, khong dugc sao chép tir nhitng nghién ciu trude day;
khong ¢o6 su tranh chap loi ich trong nhom tac gia.
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Analysis the possibility of destabilization of the Tien river bank
line through Cai Be district, Tien Giang province

Nguyen Hoang Khuyen®*, Nguyen Thi Nu?, Bui Truong Son?
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Abstract: The bank of Tien River in Cai Be district, Tien Giang province has stratigraphic
characteristics including soft soils with different compositions, along with the complex
river's flow regime, causing bank instability. The article refers to the analysis of the
possibility of instability of the Tien river bank line through Cai Be district, Tien Giang
province. Using numerical methods of GEO -SLOPE software, simulating the shoreline and
impact factors, proposing two steps of analysis in the natural state and analysis of the eroded
shore with different areas (18 m?, 18+20 m?, 18+20+25 m? and 18+20+25+25 m?), the
research results shows that the stability coefficient is clearly reduced as the erosion area
increases, destabilizing the bank of river and decreases from 1.070 to 0.896. Thus, it can be
seen that in the natural state, the shoreline has a low stability coefficient and if the bank
river eroded, the shoreline becomes unstable.

Keywords: Unstability; Cai Be District; Soft soil.
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Tom tat Dong chay mat trén cac vung nui cao thuong c6 suon déc, van toc dong chay 16n,
chay rbi v&i nhiéu cudi-tang lin do vay rat kho tham chi khong ap dung duoc cac phuong
phap do luu lugng thong thuong. Phuong phap mudi hoa tan dua trén nguyén 1y bao toan
trong lugng cua chat chi thi dugc str dung hiru hiéu trong xac dinh luu lugng dong chay tai
nhiéu viing nui cao trén thé gidi. Phuong phap mudi hoa tan da dwoc ap dung thanh cong
xéac dinh luu lugng dong chay tai khu vuc vung nui Phong Thé (Lai Chéu), Meo Vac (Ha
Giang) va Ha Quang (Cao Bang). Chét chi thi mudi véi trong lugng da biét dugc tha xudng
dong chay tai mot diém va do dac gia tri o dan dién cta nudc (EC) tai mot diém khac dudi
ha nguén. Luu lugng (Q) cua 17 dong chay da dugc xac dinh trén co s¢ duong cong bién
thién EC theo thoi gian va hé so tuong quan gitra ham lugng mudi hoa tan va EC. Céc két
qué ap dung tai 3 khu vyc mién Bac Viét Nam cho thay day 1a phuong phap xac dinh luu
luong wu viét, pht hop véi diéu kién tu nhién cua vung nui cao, d@ trién khai va khong doi
héi cac thiét bi chuyén dung, do do can duoc 4 ap dung rong rai hon ¢ Vi¢t Nam.

Tir khéa: Mudi hoa tan; Xac dinh luu luong; Vung nii cao Viét Nam.

1. Mé dau

Luu lwong dong chay mit va luu luong ngudn 16 nude dudi dit (NDD) 1a mot trong
nhitng thong tin quan trong can duoc do dac, xac dinh ngoai thyc dia trong nghién ctru va
quan ly tai nguyén nude. Trong cac nghién ctru thiy vén - dia chat thuy van, luu luong la
thong tin dau vao quan trong dé xac dinh tuong tic nude mat - nudc ngam, tinh toan can bang
nudc, mo hinh thuy van... Trong linh vuc quan 1y tai nguyén nudc, viéc xac dinh luu lugng
dong chay dinh ky hodc thudng xuyén cung cip thong tin can thiét gitp cac nha quan 1y quy
hoach, st dung hop ly tai nguyén nudc cho nhiéu muc dich khac nhau (thuy dién, nong
nghiép, kiém soat 6 nhiém, phong tranh thién tai...) dong thoi giam thiéu suy thodi va can
kiét ngubn tai nguyén quan trong nay.

Pé xac dinh luu luong, phuong phap xac dinh van tdc dong chay theo tiét dién va phuong
phap thiét ké dap ngan, mang dan dong chay thuong duoc ap dung phd bién [1- 3]. Cac
phuong phap trén can co thiét b luu toc ké; hodc can xay dung cac dap ngan, mang dan dong
chay. Ngoai ra mét s6 phuong phéap khac ciing doi hoi viéc dau tu thiét bi nhu phuong phap
do van téc siéu am, phuong phap mang dién tir. Cac phuong phap vira ké dén nay phu hop
v6i diéu kién dong chay tuong d6i on dinh. Trong vai thap nién gan day, phuong phap mudi
hoa tan da dugc &p dung thanh cong xac dinh luu Iwgng dong chay trong cac vung nui cao
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hiém tré tai nhiéu nudc trén thé gidi [4-5]. Vi vu diém nhu dé ap dung, dam bao do tin cay,
phuong phap mudi hoa tan ngay cang duogc sir dung rong ri va rat phu hop trong cac khu
vuc co dia hinh phuce tap [6-8].

Tai Viét Nam, quy chuédn k¥ thuat quan tric thiy van n6i chung va luu luong dong chay
noi riéng da duoc [9] ban hanh. Gan day, nghién ctu cua [10] ing dung cong ngh¢ Rada
quan tric luu luong tu dong va [11] gi6i thiéu mot s6 phuong phép cu thé tinh toan dong
chay trong diéu kién thiéu hodc khong cé sb liéu. Phuong phap mu6i hoa tan dugc [12] st
dung 1an dau tién khi xac dinh luu lugng cac ngudn 16 karst & thi xd Tam Puong (nay 1a
thanh phd Lai Chéu) va [13] ap dung phuong phap dung dich hoa hoc xac dinh luu lugng
ngudn 16 nude dudi dat tai thi x& Tam Di€p (nay la thanh phé Tam Diép, tinh Ninh Binh).
Tuy nhién, phuong phép mudi hoa tan hién con rat it dugc ap dung tai Viét Nam va can dugc
pho bién hon. bic biét trong CaC viing ndi cao hiém tré phia Bic Viét Nam noi cac dong chay
thudng c6 van tdc 16n, chay siét, trén bé mit c6 nhleu tang lan va 10ng song- sudi doc va god
ghé rat can thiét str dung rong rii phuong phap mudi hoa tan.

Bai bao nay trinh bay ap dung phuong phép mudi hoa tan xac dinh luu lwong dong chay
mat va nguodn 19 trong cac khu vyc karst tai Phong Tho (Lai Chéu), Meo Vac (Ha Giang) va
Ha Quang (Cao Bang). Pay déu l1a cac khu vyc khan hiém nudc nam trong vung cao bién
gidi c6 dia hinh phuc tap, viéc sit dung cac phuong phap do dac luu lugng bang luu toe ké
hay dap ngin rat kho tham chi khong kha thi. Cac két qua xac dinh lvu luong dong chay da
ciing cap thong tin hitu ich phuc vu nghién ctru khai thac va quan 1y tai nguyén nude & khu
vuc ddng thoi minh chimg cho sy phi hop ctia phwong phap khi dp dung tai Viét Nam.

2. Phwong phap nghién ctru

2.1. Phwong phdp mudi hoa tan

Phuong phap mudi hoa tan dya trén nguyén 1y bao toan trong lwong ciia chat chi thi trude
va sau khi duoc tha hoa tan vao dong chay [5]. Chat chi thi mudi voi trong luong da biét
dugc tha xudng dong chay dé xéac dinh luu lwgng. C6 hai cach dé tha chat chi thi mudi vao
dong chay: 1) tha mudi lién tuc trong mot khoang thoi gian Xac dinh; 2) tha mu01 mot 1an
xuodng dong chay trong thoi gian tirc thi. Trong ca hai cach trén, cht chi thi mudi déu dugc
tha xudng dong chay tai mot vi tri & thugng ngudn va duoc hoa tan, di chuyen xudi theo dong
chay. Luu lugng cua dong chay dugc tinh toan dya trén ham luong muoi hoa tan trong nude
tai mot vi tri & ha ngudn trén co s xac dinh gia tri do dan dién ctia nu6c (EC) theo thoi gian.

Twong quan giita ham lugng mudi hoa tan trong nudc va gia tri EC dugc xac dinh bang
thuc nghiém va duoc thé hién theo hinh 1.

Ham lugng mudi hoa tan
(mg/L)
N

0 /

EC (uS/cm)

Hinh 1. Tuong quan ham lwong mudi hoa tan va gia tri EC.

Trong luong ctia chat chi thi mudi tha xudng dong chay bang trong lugng mudi hoa tan
vao dong chay va duoc xac dinh theo cong thuc:
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M= [ Qcdt (1)
‘Trong d6 M la trong lugng cua chit chi thi mudi tha xudng dong chay (g); ¢ 1a ham luong
mudi hoa tan tai thoi diém t (g/L); Q & luu lwong dong chay (L/s); dt 1a khoang thoi gian (s).
Ham lugng mudi hoa tan tai thoi diém t dugc xac dinh nhu sau:
ct = (EC, — ECp)k (2)

Trong d6 EC: 1 gi tri d6 din dién cta nudc tai thoi diém t; ECo 1 gia tri d6 din dién
nén; K 1a hé s6 twong quan gitta ham lugng muoi va gia tri EC.

Luu luong Q (L/s) dugc xéac dinh nhu sau:
M M

M
Q= [T cdt k[J(EC—ECo)dt A (3)
Trong d6 A 1a dién tich cta do thi biéu dién ham lwong mudi hoa tan theo thdi gian
(9.s/L).
Viéc trién khai x4c dinh luu luong béng phuong phép mubi hoa tan duoc thuc hién theo
cac budc sau (Hinh 2).

Khao sat vi tri can x4c dinh luu luong ]

Xéc dinh tuong quan gitra
ham lugng mudi va gia trj EC

Tha dung dich mubi

Do céc gia tri EC

Tinh toan xac dinh
luu lugng

Hinh 2. So dd cac budc tién hanh xac dinh luu lugng bang phuong phap mudi hoa tan.
2.2. Ap dung tai viing niii cao mién Bdc Viét Nam

2.2.1. Khu vyc nghién ctru

Phuong phap dung dich mubi hoa tan da duoc ap dung xac dinh luu lwong dong chay tai
3 khu vuc ndi cao bién gii: Huyén Phong Thé (tinh Lai Chau), huyén Méo Vac (tinh Ha
Giang) va huyén Ha Quang (tinh Cao Bang) (Hinh 3).

Phong Thé 14 huyén ving cao bién gidi cua tinh Lai Chau, cach trung tdm tinh Lai Chau
30 km. La huyén c6 dia hinh phtrc tap, cht yéu 1a ndi cao thap dan tir dong bac xudng tay
nam va cac thung liing hep xen k& phan chia dia hinh thanh cac viung nui cao va vung nui
thip. Khu vuc nay c6 do cao trung binh trén 1.000 m so véi muc nudc bién, diém cao nhat
la 1.800 m, thap nhat 1a 270 m. Hé thong dong chay trén mat rat it va chil yéu chi xuét hién
vao mua mua. Pay la khu vuc c6 khoang 30% dién tich dugc bao phu boi da carbonate hé
tang Pong Giao (Tzadg). Cac ngudn 16 NDD karst xut 1§ rai réc, tao thanh dong chay mat
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chay vé hudng Tay Béc chay vao song Mudng So. S6 lugng cac ngudn 16 va luu lugng ciing
thay doi theo mua trong nam.
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Hinh 3. So dd vi tri nghién ctru va do dac tai Phong Thé (1), Méo Vac (2) va Ha Quang (3).

Méo Vac la huyén vung cao bién gidi cua tinh Ha Giang, nam trong dia ban Cong vién
Dia chat Toan cau Cao Nguyén da DPong Vin, cach thanh phd Ha Giang 164 km. Dia hinh
khu vie chu yéu 1a nii da, hiém trd, co su chia cat manh. P9 cao trung binh trén myc nude
bién Xap xi 1.150 m véi do déc trung binh tir 25°-35°, dinh cao nhét 14 1.900 m, thap nhét 1a
275 m. Trong dién tich nghién ctru chii yéu duoc tao thanh béi da voi hé tang Béc Son (C-P
bs), co do cao 800-1.100 m, hoat dong kién tao xay ra manh mé, bé mat dia hinh bi phan cat
manh. Day la viung thiéu nude sinh hoat va san xudt nghiém trong. Hé thong subi ton tai &
phia bic huyén Méo Vac thudc cac xa Thuong Phing, Xin Cai, Son Vi, va cac xi phia nam
huyén: Tat Nga, Nam Ban, Niém Son, Niém Toong, Khau Vai. Dac diém chung cua cac sudi
1a dong chay uén luon quanh co, dong thai twong quan chat ché voi cac yéu t6 khi twong.
Céc xi thudc huyén Méo Vac: Sung Tra, Sting Mang, Liing Chinh, Ta Lung, thi trdn Méo
Vac, Can Chu Phin, Giang Chu Phin chi tn tai cdc dong mit tam thoi trong mua mura.

Ha Quang 1a huyén vung cao bién gidi cua tinh Cao Bang, cach trung tAm tinh Cao Bang
40km. Pia hinh khu vuc rat phiic tap, chu yéu 1a d6i nai va duoc chia 1am 02 phan vung
thip va cao. Phan ving thap 1a ving c6 cac thung liing tuong d6i bang phang, c6 hé thong
song subi dap tmg duoc nhu cau vé cung cap nudc cho sinh hoat va tudi tiéu cua nhan dan.
Phan ving cao 1a ving hau vang mat hodc rat it hé thong song sudi, khan hiém nude cho sinh
hoat va san xuét. Phan 16n cac séng sudi chinh trong ving xuét 16 doc theo cac dit giy kién
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tao, tao nén nhitng vung dia hinh thép, nhitng ranh xam thuc sau va thuan loi cho viéc tiép
nhan nudc mua cap cho cac tang chira nude dudi dat [14].

2.2.2. Cac budc tién hanh x4c dinh luu luong

Viéc trién khai x4c dinh luu luong dong chay (Q) bang phwong phap mubi hoa tan tai 3
khu vue nghién ciru duoc tién hanh nhu sau:

Bude 1: Khéo sat vi tri can xac dinh luu luong.

Khao sat diéu kién dia hinh vi tri cin xac dinh luu lugng, tim diém phu hop c¢6 thé tha
mudi xubng dong chay va diém do gia tri EC (tdi thiéu cach xa diém tha mubi twong duong
25 lan chiéu rong dong chay).

Xéac dinh trong lugng mudi s& tha theo luu lugng udc lugng truc quan va kinh nghiém
ctia ngudi do. Vi dong chay luu lwong nhé, trong lugng mudi tha thudng dao dong tir 0,3
kg - 0,5 kg.

Budc 2: Xac dinh tuong quan gitta ham luong mudi va gia tri EC

Do xac dinh gia tri EC cta dong chay trude khi tién hanh tha mudi (EC nén).

Po xac dinh cac gia tri EC cta nudc (dugc 1ay tir dong chay can xac dinh luu luong)
twong (mg v6i ham lugng mudi dugc hoa tan; do EC tuong tng véi t6i thiéu 05 ham lugng
mudi hoa tan khac nhau. Xéc dinh twong quan gitra EC va ham luong theo hinh 1.

Budc 3: Tha dung dich mudi.

Hoa tan lwong mudi voi trong lugng da biét vao dung cu x6 hodc chau chira nudc duoc
lay tir dong chay can xac dinh luu lugng.

D6 hét lugng mudi da duoc hoa tan vao dong chay trong thoi gian tirc thi.

Budc 4: Do gia tri EC theo thoi gian tai diém do ha ngudn dong chay. Gié tri EC dugc
do lién tyc theo 5 gidy/lan do; dimg do khi EC do dugc ~ EC nén.

Budc 5: Tinh toan xac dinh Iuu lugng. Luu lugng cia dong chay duoc tinh toan theo
cong thirc 3.

3. Két qua va thao luin

3.1. Két qua

Két qua xéac dinh luu luong dong chay tai huyén Phong Thd, Méo Vac va Ha Quang
dugc trinh bay trong bang 1.

Bang 1. Tong hop cac két qua xac dinh luu lwong tai Phong Tho, Méo Vac va Ha Quang.

STT  Pibmdo Thoi gian X Y Z(m) Diadanh L“t’ﬁgg(li';')"" L“Q“ (ll'_’/‘;;‘g
1 SalPTOL112 19/11/20129:52 329.613 2.491.420 295 Phong Thd 0,3 225
2 SalPT.0L2/13  1/8/201314:32  329.613 2.491.420 295  Phong Thé 1 883
3 SalPT.02.1/12 11/22/201211:34 328.205 2.491.418 292  Phong Thé 10 2,369
4 SalPT.02.2/13  11/8/201310:00 328.205 2.491.418 292  Phong Thé 20 7,563
5  SalPT.03.1/12 22/11/201215:36 329.577 2.491.305 296 Phong Thé 0,3 66
6  SalPT.03.2/12 23/11/2012 15:54 329.577 2.491.305 296 Phong Thé 05 63
7 SalPT.03.3/13  2/8/201312:00 329.577 2.491.305 296 Phong Thé 2,1 1,726
8  SalMV.0L1/21 29/9/202114:25 541.025 2571719 673  Méo Vac 0,568 96
9 SalMV.01.2/21 29/9/202116:05 541.025 2571719 673  Meo Vac 0,034 96
10 SalMV.02.1/21 30/9/202117:35 539.632 2.558,990 1238  Meo Vac 0,428 63
11 SalMV.03.1/21 30/9/202115:58 537,213 2.556.209 926  Méo Vac 0,494 67
12 SalMV.04.1/21 30/9/202113:05 536.611 2.554.348 457  Meo Vac 0,914 538
13 SalMV.05.1/21 3/10/202110:28 542.076 2.556.805 1.007 Meo Vac 0,492 118
14 SalMV.06.1/21 3/10/202116:10 541121 2.556.783 811  Meo Vac 0,524 298
15  SalMV.06.2/21  3/10/202115:10 541121 2.556.783 811  Meo Vac 0,084 296




Tap chi Khi twong Thity van 2023, 755, 25-34; doi:10.36335/VNJHM.2023(755).25-34 30

Lwong mudi  Luu lweng

STT Piém do Thoi gian X Y Z(m) Piadanh tha (ke) Q (Lis)
16  SalMV.07.1/21  3/10/2021 10:25 542.733 2.567.795 801 Mc¢o Vac 0,926 90
17  SalMV.07.2/21 3/10/2021 11:25 542.733 2.567.795 801 Méeéo Vac 0,462 90
18 SalMV.08.1/21  3/10/2021 14:25 540.115 2.573.494 772 Méeéo Vac 0,909 404
19 SalMV.08.2/21 3/10/2021 15:45 540.115 2.573.494 772 Meéo Vac 0,47 374
20 SalHQ.01.1/21 13/10/2021 14:00 613.778 2.529.397 337 Ha Quang 3,761 4,665
21  SalHQ.02.1/21 11/10/2021 10:05 607.508 2.541.431 340 Ha Quang 4 1,576
22  SalHQ.03.1/21 13/10/2021 16:25 607.370 2.541.506 347 Ha Quang 7,902 853
23  SalHQ.04.1/21 9/10/2021 11:30  598.588 2.537.009 391 Ha Quang 0,928 122
24  SalHQ.04.2/21  9/10/2021 12:25 598.588 2.537.009 391 Ha Quang 0,455 116
25  SalHQ.05.1/21 10/10/2021 11:30 588.154 2.532.613 524 Ha Quang 1,867 805
26  SalHQ.06.1/21  10/10/20219:25 591.954 2.533.558 381 Ha Quang 1,028 433
27  SalHQ.07.1/21  10/10/2021 4:18 590.818 2.533.956 582 Ha Quang 2,626 2,943
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Hinh 4. D6 thi biéu dién ham lwong mudi hoa tan thu duoc tai cac diém do luu luvong khu vuc Phong Thé.

Tai khu vuc huyén Phong Tho, da thuc hién 07 thi nghiém phuong phap mubi hoa tan
xac dinh dugc luu lugng cua 03 nguén xuét 16 nude karst vao mua khd va mua mua. Do thi
biéu dién ham luong mudi hoa tan theo thoi gian dugc thé hién tai hinh 4. Trén co s& cac két
qua thu dugc ngoai thyc dia da xac dinh dugc luu luong nguén 16 karst tai diém do
SalPT.01(ngudn xuat 10 nha anh Vao) mua khé 1a 225 L/s - mua mua: 600 L/s; diém do
SalPT.02 (ngudn xuét 16 tai dap Thity dién) luu lugng mua kho 13 2369 1/s- muia mua 14 7563
I/s; diém do SalPT.03 (ngudn xuit 16 hang Nam Can) luu lugng mua kho 13 66 L/s - mia mua
la 1726 L/s. Két qua cho thdy luu lugng dong chay karst trong khu vuc thay ddi 16 rét theo
thoi gian, luu luong dong chay rat 1on vao mua mua va giam manh mua khd.

Tai khu vuc Méo Vac, di tién hanh 12 thi nghiém hoa tan mudi xac dinh duoc luu lugng
ctia 08 dong chay mat vao cubi mua mua nam 2021 (Bang 3). P6 thi biéu dién ham luong
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mudi hoa tan theo thoi gian cua mot s6 diém tiéu biéu dugc thé hién tai hinh 5. Két qua tinh
toan cho théy luu luong cua cac dong chay mat tai khu vuc M¢éo Vac kha nho, thay doi tir
63L/s (diém do SalMV.02.1) dén 538 L/s (diém do SalMV.04.1).

Tai khu vye Ha Quang, luu lugng cua 06 dong chay mat chu yéu tai cac ngudn 16 karst
da duoc xac dinh (bang 1) Két qua tinh toan xac dinh vao cubi mua mua luu luong gilia cac
dong chay mit tai ddy chénh léch nhau rat 10n; luu lwong nho nhat 1a 116 L/s (diém do
SalHQ.04.2) va 16n nhat 1a 4665 L/s (diém do SalHQ.01.1).
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Hinh 5. D6 thi biéu dién ham luong mudi hoa tan thu dugc tai mot sé diém do luu luong tai Méo
Vac (trén) va Ha Quang (dudi).

3.2. Thao lugn

Quan sét va phan tich do thi biéu dién gia tri EC theo thoi gian hodc d6 thi ham luong
mudi theo thoi gian ¢6 thé danh gia duoc két qua trién khai ciia thi nghiém mudi hoa tan [5].
Phan tich cac do thi biéu dién gi tri EC theo thoi gian 5 gidy/lan do duoc tai ha ngudn dong
chay tai ca 3 khu vuc Phong Thd, Méo Vac va Ha Quéang phan 16n déu rat can dbi, chi c6 1
dinh va hoan chinh. Do thi biéu dién ham lugng mudi hoa tan tai ha nguén cua cac thi nghiém
(hinh 4. 5) dugc xéac dinh theo twong quan véi gia tri EC, do viy, déu c6 dang 1 dinh véi
duong cong can ddi. Rleng thi nghiém tai diém do SalPT. .02 (dap Thuy dién tai Phong Tho)
& khu vuc Phong Thé ¢6 d6 thi biéu dién ham luong mudi hoa tan theo thoi gian tuong d6i
hoan chinh (hinh 4) do luu lugng dong chay rat 16n va diém do phia ha nguon bi gi6i han
khoang cach khi dong chay hop luu vdi song Muong So. Nhu vay, danh gia chung cac thi
nghiém di dugc tién hanh thanh céng véi trong lwong mudi tha phu hop, diém do EC tai ha
ngudn phu hop va toan bo lugng mudi da duge hoa tan hoan toan vao dong chay. Bén canh
do, phén tich cac két qua cua 06 diém do luu lugng 1dp lai tai mot ) dong chay tai Phong
Tho, Méo Vac va Ha Quang cho thdy gia tri luu lwong gitra hai 1an do déu tuong tu va trong
gi6i han sai sd cho phép (Bang 2). Vi cac thong tin thu duge, c6 thé khang dinh phwong
phap hoa tan mudi da dugc ap dung hiéu qua tai khu vuc Phong Thd, Méo Vac va Ha Quang
v6i két qua dang tin cay.
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Béng 2. Két qua x4ac luu lugng 1dp lai tai mot $6 dong chay.

STT Tén dong chiy/ngudn 19 Piém do Londo Lu;u lwong Lu:l lrgng do
X Y Z dolan1 (L/s) 1an 2 (L/s)
1 Hang Nam Cung, Phong Thd SalPT.03 329.577 2.491.305 296 66 63
2 Ta Lang, Phai Lung, Méo Vac SalMV.01 541.025 2.571.719 673 96 96
3 Tat Nga, Tat Nga, Méo Vac SalMV.06 541.121 2.556.783 811 298 296
4 Pa Vi Thuong, xa Pa Vi, Méo Vac SalMV.07 542.733 2.567.795 801 90 90
5 Ban Chuéi, Xin Cai, Méo Vac SalMV.08 540.115 2.573.494 772 404 374
6 Liing Dudi, Séc Ha, Ha Quang SalHQ.04 598.588 2.537.009 391 122 116

Theo [5] va [15-16] cac uu diém khi xac dinh luu lugng bang phuong phap mubi hoa
tan nhu sau: i) mudi dn thong thudng gia thanh ré va rat phod blen i1) viéc xac dinh cac gia tri
EC theo thoi gian khong phtic tap va khong doi hoi thiét bi rat chuyén dung; ii) trong luong
mudi an duoc tha xudng dong chay khong gay hai cho méi trudng va hé sinh thai. Cac két
qua xéc dinh luu luong dong chay tai Phong Thd, Méo Vac va Ha Quéng thé hién 1o tinh uu
viét cia phuong phap hoa tan mudi. Cu thé mudi an thong thuong 1a mat hang rat pho bién,
ludn c6 san & cac khu vire mién ndi bién gi(’yi v6i gid thanh ré. Thoi gian hoan thanh mét thi
nghiém khéng qua 60 phut, trong lugng muéi duge tha xudng dong chay phan 16n chi tir 0,3
kg den 2 kg (Bang 1), ngoai trir mot so diém co luu luong dong chay lon can trong luong
mudi duge tha 16n hon dén 20 kg. Thiét bi do EC gon nhe, tién hanh don gian va viéc do gia
tri EC 5 giéy/lﬁn duoc trién khai d& dang trén thyc dia. Viéc tinh toan xac dinh gia tri luu
lugng khdng phirc tap va co thé thyuc hién xac dinh két qua ngay trén thuc dia bang may tinh
xach tay.

Tuy nhién, khi 4p dung phuong phap mudi hoa tan can mét sé luu y nhu dong chay
khong c6 diém nudc ti hode vung lang, khoéng c6 phu luu chay vao dong chinh, dong chay
tai diém tha mudi c6 van toc 10n va chay rdi, luong mudi tha xubng phai duoc hoa tan hoan
toan vao dong chay tai diém do EC [3, 5, 7, 17]. Bén canh d6, thoi diém do luu lugng trén
dong chay ciing luu y khong co cac hoat dong nhan sinh (tam, giit gifl) va gia suc, gia cAm
lam anh huéng téi két qua do dac.

4. Két luin

Luu lugng dong chay 1a thong tin co ban can duge do dac, xac dinh trong nghién ctru va
cong tac quan ly khai thac, sur dung va quan ly bén vitng tai nguyén nudc. Trong cac khu vyuc
nui cao khan hiém nuéc, luu lugng dong chay 14 thong tin quan trong va rat can thiét trong
dé xuat xac dinh cac giai phap khai thac va sir dung, tim ngudn cip nude bo sung phuc vu
an udng sinh hoat va phat trién kinh té - xa hoi ctia khu vuc.

Do dac diém tu nhién, dong chay mit tai cac khu vue nui cao phia Bic Viét Nam thuong
chay rdi, chay siét, long sudi nhiéu cudi tang lan. Can c6 phuong phép xac dinh luu lugng
phtl hop véi ddc diém tu nhién cta dong chay, dé trién khai va ¢am bao tin cay. Phuong phép
mubi hoa tan d duge ap dung thanh cong xac dinh luu lwong dong chay tai khu vyc ving
nli cao huyén Phong Thd, Méo Vac va Ha Quang. D6 thi thu hdi ham lwong mudi hoa tan
theo thoi gian cua cac diém do luu lugng déu c6 1 dinh, can déi va hoan chinh da khang dinh
viéc ap dung phuong phap thanh cong v0i trong luong mudi pht hop, diém do gia tri EC tai
ha ngudn phu hop va toan bd lugng mubi da dugc hoa tan hoan toan vao dong chay. Mic du
khong c6 thong tin ddi sanh két qua do luu luong cua nghién ciru nay voi gid trj luu lwong
do béng I tde ké hodc mang nhung cac két qua do lap lai tai mot s6 diém xéc dinh tiéu biéu
tai Phong Thd, Méo Vac va Ha Quang cho thay gia tri luu lugng giita hai 1an do déu twong
dong va tin cay.
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Nhu vy, tir thuc té ap dung phuong phap mudi hoa tan tai cac huyén Phong Thd, Méo
Vac va Ha Quang cho thiy déy la phuong phap phu hop nhét khi xac dinh cac dong chay co
luu lugng nho trén cac vung ndi cao (Q < 1.000 L/s) noi long séng hodc sudi 6 nhiéu tang
cudi va tang lan, suon doc va dong chay rdi khong thé st dung luu tée ké hay cac phuong
phap do luu lugng khac. Phuong phap mudi hoa tan, do viy, can dugc 4p dung rong rii trong
xac dinh luu luong dong chay trong cac khu vuc viung nti cao cua Viét Nam.

Dbong gop cua tac gia: Xay dung y tuong nghién ctru, lya chon phuong phap nghién cir,
trién khai phuong phap & khu vuc Phong Tho, xir 1y s6 liéu, viét ban thao bai bao va chinh
stra bai bao: V.T.M.N.; Trién khai phuong phap ngoai thuc dia, tham gia viét ban thao bai
b&o va chinh stra bai bao: D.T.A.

Loi cam on: Tran trong cam on dé tai “Nghién ciru xac dinh nguyén nhan khan hiém va 6
nhiém nuédc dudi dit tai mot sé khu vuc karst TAy bac; dé xuat cac giai phap bao vé va cung
cap nudc phuc vu phat trién kinh té- xa hoi” - ma s6 TNMT.02.28 va dé tai “Nghién clru x4c
1ap bo ti€u chi lya chon va quy trinh diéu tra cac khu vuc c6 kha nang 4p dung cong nghé
bom PAT cho vung nui cao khan hiém nudc” - ma sé6 PTDL.2021.05 da hd tro do dac va
trién khai phuong phap ngoai thuc dia.

Loi cam doan: Tap thé tac gia cam doan bai bao ndy 13 cong trinh nghién ctru cta tap thé
tac gia, chua dugc cong bd ¢ dau, khong dugc sao chép tir nhitng nghién ciu trude day;
khong c6 su tranh chap 1gi ich trong nhom tac gia.
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Application salt dilution method for streamflow measurement in
mountain areas of North Vietnam

Vu Thi Minh Nguyet!”, Doan The Anh?

! Institute of Geological Sciences, Vietnam Academy of Science and Technology;
vtmnguyet@igsvn.vast.vn

2 Vietnam Institute of Geosciences and Mineral Resources, Ministry of Natural Resources
and Environment; theanhdoan79@gmail.com

Abstract: Stream in mountainous areas usually characterized by steep gradient, turbulent
flow with many rolling boulders so it is difficult even impossible to use metering techniques
to measuring discharge. The salt dilution method based on the mass conservation of the
tracer has been successfully applied to determine stream discharges in mountainous areas
around the world. The salt dilution method was successfully applied in the mountainous
area of the Phong Tho (Lai Chau), Meo Vac (Ha Giang) and Ha Quang (Cao Bang). A
known mass of salt was injected to the flow upstream and measured EC at other locations
downstream. The flow discharges (Q) of 17 streams were calculated based on the
breakthrough curves of EC and calibration factors between diluted salt concentrations and
ECs. The obtained results of streamflow measurement by salt dilution method in three areas
in the northern of Vietnam show that it is particularly suitable for natural conditions of the
mountain stream; it’s simplicity of application and don’t need specific field equipment. The
salt dilution method therefore should be widely applied to determine stream discharge in
Vietnam.

Keywords: Salt dilution; Streamflow measurement; Mountainous area of Vietnam.
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Nghién ctru xac dinh truwong song ven bo khu vue Bai Dai — Cam
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Tém tat: Mo hinh Swan duoc tng dung tinh toan xac dinh truong song tai khu vuc Bai Dai
- Cam Ranh phyc vu tinh toan dong chay ven bo, dac biét 1a dong rip. M6 hinh toan (mo
hinh Swan) l1a phuong phép chu dao trong nghién ctru nay, ngoai ra con c¢6 cac phuong phap
khac nhu phuwong phap thu thap tong hop dit liéu, phuong phap thong ké, phuong phap
GIS,... Trudng gi6 tai phan tich khu vuc Bién Pong di duoc thu thap va 1a dit liéu quan
trong trong viéc tinh toan trudng song phat sinh do gié. Mién tinh 16n 1a khu vuc  bién tir
Phti Yén dén Binh Thudn va mién tinh nho 1a khu vyc Bai Dai - Cam Ranh (Khanh Hoa).
S liéu song thuc do tai ving ven bién Ninh Thuan nim 2013 va Bai Dai nam 2012 duoc
st dung hi¢u chinh va kiém dinh m6 hinh voi  két qua tu tdt dén rat tot vé hé sd tuong quan
R?, sai s6 trung binh (RMSE) va chi s6 Nash - Sutcliffe. M6 hinh Swan dugc tmg dung tinh
toan dic trung song chi tiét tai Bai Dai trong mua gié Pong Bac va Tay Nam nam 2021.
Két qua tinh toan da xac dinh dwoc vao thoi ky mua gié Tay Nam, khu vuc Bai Dai ¢6
huéng song chu dao la huong Bong Nam voi tan suat 96,77% va do cao séong < 0,6 m cd
tan suat 89,11%. Truong song thoi ky gi6 mua Bong Bic ¢o  huéng chu dao la huéng Dong
dén bong Bic, trong d6 hudng Pong Béc c6 tan suit 16n nhat 81,72%, d6 cao song > 1,0 m
c6 tan suat 48,52%.

Tir khéa: song bién; Swan; Bai Dai.

1. M& dau

Hién nay, khi tinh toan dong chay ven bién thi khong thé khong ké dén tac dong cua
song bién. Song bién dugc hinh thanh va phét sinh do truong gid ¢ ngoai khot, khi lan truyén
vao vung ven bd s& bi bién d6i do tic dong cua hinh thai dia hinh lam xut hién cac hién
tugng khic xa, nhiéu xa, sy ndng dan, sy bé v song,... Trong do, song v s& hinh thanh
dong chay ven bd do song gdm dong chay doc b va dong rip [1-7].

Dong chay doc bo do song 1a dong cé hudng song song voi dudong bo va thudng xuyén
xuét hién dudi tic dong cta song. Dong rip 1a mot dong dic biét cua dong chay ven bo, co
hudng chdy ra xa bo va xuét hién phu thudc vao diéu kién hinh thanh nhu song bién, thuy
triéu va dia hinh, dong rip 1a dong chay nguy hiém, né gy ra cac tai nan dudi nude & cac bai
tam du lich [8]. Dé nghién ctru dong rip thi viéc tinh toan truong séng ving ven bd 14 rat can
thiét vi n6 1a mot trong cac nguyén nhan chinh hinh thanh dong rip [1-7].

Ngay nay, mo hinh todn da phat trién vuot trdi va duoc g dung nhiéu tai Viét Nam va
Thé Giéi. Cac md hinh tinh toan séng tiéu biéu co thé ké dén nhu WAM, SWAN,
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WAVEWATCH I, MIKE 21 SW, STWAVE, DELFT3D, RCPWAVE, REFDIF-1,...[9-
15]. Tai Viét Nam, c6 rat nhiéu nghién ctru 4p dung cac mé hinh tinh toan mo phong trudng
song khu vyuc Bién Dong. Trong d6, c6 cic nghién ciru dién hinh nhu: mé hinh tinh séng
Swan va SUWAT duoc két hop dé mo phong tac dong ciia song va nude ding bao khu vuc
ven bién Mién Trung [16], m6 hinh Mike 21 SW duoc tmg dung tinh toan truong song tai
khu vuc ven bién vinh Nha Trang [8], md hinh WAM tinh to4n song ngoai khoi lam bién dau
vao cho mé hinh Mike 21 SW tinh toan séng vinh Nha trang [17].

Trong c&c md hinh tinh toan séng, md hinh Swan la mét méd hinh méa ngudn ma, chuyén
vé tinh toan song nudc nong va nudce sau, duge ing dung rong rai va mo ta dugc su bién dbi
ctia cac yéu tb song khi di vao ving nude nong [18], vi thé, m6 hinh Swan dugc lwa chon véi
muc tiéu tinh toan va danh gia duoc tan sut xuét hién trudng séng vao mua gio bong Bic
va Tay Nam nam 2021. D9 chinh xac cia m6 hinh s€ dugc danh gia thong qua so li¢u thuc
do nam 2012 va 2013, tir d6 tinh toan truong song mua gié Pong Bic va Ty Nam nam 2021.
Két qua nay la diéu kién dau vao phuc vu tinh todn dong rip nham phong tranh tai nan dudi
nuée cho du khach tai bai tim Bai Dai.

B&i Dai - Cam Ranh c6 chiéu dai doc bo khoang 11 km, véi d doc bai va day twong dbi
thoai va voi chat lugng nudc trong sach so v6i cac bai tim khac & thanh phd Nha Trang.
Theo cac nghién ctru trude, khu vire nay c6 xuét hién dong Rip. Vi thé, truong song khu vuc
nay s& dugc mo phong tinh toan va danh gia chi tiét phuc vu cho tinh toan dong rip.
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Hinh 1. Vi tri khu vuc nghién ctu.
2. Phwong phap nghién ciu va sé liéu sir dung

2.1. Phuong phap nghién ciru

Mb hinh Swan [13-14] duge Umg dung tinh toan truong song chi tiét cho bai taim khu
vuc Bai Dai theo so d6 phuong phéap luan nhu hinh 2.
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2.2. Dt liéu tinh toan

2.2.1. Bj sau

D0 sau dia hinh chi tiét tai bai tim Bai Dai do dac véi ti 1¢ 1:1000 tir & tai “Piéu tra,
danh gia hién tuong dong RIP (RIP current) tai cac béi tam Khanh Hoa, x4c dinh nguyén
nhan va dé xuat cac giai phap phong tranh” nam 2012 va d6 sau khu vyc luéi tinh 16n ngoai

khoi ké thira tir dit liéu thu thap va xir Iy cling tir dé tai trén [8]. Hinh 3 thé hién dia hinh day
khu vuc tinh toan.
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2.3.2. Dir liéu dau vao vé song, gio

38

- Dit liéu bién song: D6i voi mién tinh 16n, trudng song dugce tinh toan tir di lidu truong
gi6 tai phan tich khu vuc Bién Dong... P61 véi mién tinh nhd, bién 1ong ngoai khoi 1a két qua

tinh toan va trich xuAt tir mién tinh 16n.

- S6 liéu gi6: Truong gi6 thu thap la trudong gid tai phan tich (NOAA) nam 2012, 2013
va nam 2021 bién doi theo khong gian va thoi gian [20]. Dir liéu gi6 thu thap duoc xtr 1y va

thé hién nhu trong Hinh 4.
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Hinh 4. Gi6 tai phan tich khu vuc Bién Dong tai thoi diém 10:00 CH ngay 21/07/2021 va 1:00 CH

ngay 29/12/2021.

2.3. Hiéu chinh va kiém dinh mé hinh

M5 hinh s& dugc higu chinh va kiém dinh
voi s6 lidu thuc do tai 2 tram nhu hinh 5.

Két qua hiéu chinh mé hinh cta luéi tinh
16n tai diém do ven bién Ninh Thuan trong thoi
gian tir 11:00 CH ngay 6/1/2013 dén 7:00 SA
ngay 12/1/2013 (Hinh 6a, 6b) cho thiy hé sb
turong quan dat 0,88 va hé sé hiéu qua md hinh
Nash dat 0,86 (Hinh 6a) va sai s6 chu ky song
trung binh RMSE 1a 5,1% (Hinh 6b). Két qua
nay dugc xem xét danh gid mic do phu hop cua
mé hinh [21] cho thay két qua hiéu chinh t6t.

Mb hinh Swan dugc kiém dinh lai v6i s6
liéu thuc do trong giai doan tir 11:00 SA ngay
1/7/2013 dén 12:00 CH ngay 4/7/2013 ctia mién
tinh 16n tai diém ven bién Ninh Thuén va mién
tinh nho tai diém ven bién Bai Dai trong giai
doan tor 9:30 SA 11/08/2012 - 16:00 CH
12/08/2012. Két qua kiém dinh ca 2 mién tinh
déu cho hé s6 twong quan trén 0,8 va hé s6 hiéu
qua mo hinh Nash trén 0,75 (Hinh 6c, 6€) va sai
s6 chu ky song trung binh RMSE lan luot 3,4%
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Hinh 5. Vi tri do dac song phuc vy hiéu chinh va

kiém dinh.

(Hinh 6d) va 3,2% (Hinh 6f). Két qua kiém dinh lai bd thong s6 md hinh ciing cho két qua
tot, vi vay mo hinh Swan ti€p tuc dugc ing dung tinh todn hién trang cho nam 2021.
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Hinh 6. Két qua (a, b) hiéu chinh va (c, d) kiém dinh Iui tinh 16n tai ven bién Ninh Thuan; (e, f)
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3. Két qua va thao ludn

Két qua tinh toan truong song vao thoi ky gio mua Tay Nam thang 7/2021 cho thdy &
ngoai khoi do cao séng dao dong trong khoang 1-2 m, hudng soéng chu yéu 1a hudng Tay
Nam, chiu tic dong bdi ché do gié mua Ty Nam (Hinh 7a). Tuy nhién, khi trudng séng lan
truyén vao khu vuc nghién ciru ven by Bai Dai, d6 cao song giam con khoang 0,5-1,2 m,
hudng song cling chiu tac dong boi hinh thai bo va dia hinh day nén hudng song chu yéu la
huéng Bong Nam (Hinh 7b). Tai khu vuc bai tim ctia Bai Dai, dia hinh bt dau bién dbi phtre
tap, xudt hién nhiéu con cat va hinh thai dia hinh c6 dang ring cua nén d6 cao song ciing bién
d6i kha phirc tap so véi khu vuc ngoai. Hudng song tai ven bo ¢6 khuynh hudéng vudng goc
bo do bi tdc dong cua dia hinh bai bién.

Vao thoi ky gié mua Pong Bic, trudng song duoc tinh toan vao thang 12/2021 cho thay
d6 cao song ngoai khoi dao dong trong khoang tir 1-5 m, hudng séng chu yéu 1a hudng Bic
dén Pong Bic (Hinh 8a). Truong song vao thoi ky nay khi lan truyén vao ving ven bo khu
vue nghién ciru bi tac dong mot phan ctia dao Hon Tre nén hudng séng va do cao song di co
su thay d6i rd rét. Hudng song di chuyén sang huong Doéng, d6 cao song lic nay giam con
khoang 0,5-2 m (Hinh 8b). Khi truong song lan truyén vao khu vuc bai tam cua Bai Dai, do
cao song bién doi kha phure tap hon nhiéu so véi khu vue ngoai khoi, huéng song co khuynh
hudng vudng goc voi bo, déy 1a do tac dong cua dia hinh bai c6 nhiéu ring cua va xuat hién
nhiéu con cat.
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Ngoai ra, mé hinh s& dugc trich xuat két qua tinh toan song tai vi tri nude sau cia khu
vuc Bai Dai (Hinh 3) dé tinh toan xac dinh tin sudt song trong hai mua gi6 dic trung nim
2021.

Két qua song thang 7/2021 cho thay huong song chu dao 1a huéng Dong Nam voi tan
suat lén dén 96,77% con lai 3,23% la tan suat xuat hién huéng Nam (Hinh 9a). Trong tan
suét xudt hién cua huéng Bong Nam, d) cao sébng <0,6 m cod tan suét 16n nhit 1én dén 89,11%,
dd cao song tir 0,6 m dén 1,0 m chiém tan suit khoang 6,18%, d6 cao song > 1,0 m chi chiém
tan suét 1,48%. Tir két qua phan tich nay, song huéng Dong Nam 1a hudng chu dao va dic
trung cho Bai Dai vao thoi ky gi6 mua Tay Nam.

Két qua tinh toan truong song vao thang 12/2021 dugc thé hién chi tiét trong bidu d6 hoa
song hinh 3, 19 va bang 3,3. Két qua truong song vao thang 12/2021 cho thdy song hudng
Dong Biéc c6 tan suat xuat hién 16n nhat 81 /712%, hudng Doéng 1a 17,2% con lai mot phan rat
nho 1,08% 1a huéng Béic (Hinh 9b). Trong tin suét xuat hién song hudng Pong Bic, d cao
song > 1 m chiém tin suét dén 48,52%, d6 cao song tu 0,6 m dén 1,0 m chiém tin suét



Tap chi Khi twong Thity van 2023, 755, 35-43; doi:10.36335/VNJHM.2023(755).35-43 41

26,61%, con lai 6,59 % 1a tan suat xuat hién cta do cao song < 0,6 m. Vao thoi ky gié mua
bong Bac, song hudng Dong Bac 1a hudng chu dao va dac trung tai khu vuc Bai Dai.

Théng 7_2021

_ Do cao song (m)
0 Biéu do hoa song thang 12 2021

Do cao song (m) 2 I <=0.6
M <-0.6 e >06-1
1
315 a5 50,621 >
315 45
I >1
(@ (b)
270 %0 . A .

40% 60% 80% 100%
0% 20%  40%  60%  80%

225 225 135

Hinh 9. Biéu d6 hoa song tai vi tri trich xudt (a) thang 7/2021 va (b) thang 12/2021.

4. Két luén

M6 hinh Swan d duoc tng dung md phong tinh toan chi tiét sy phan b truong song tai
vung bién B&i Dai va su bién thién séng theo khong gian va thoi gian tai giéi han khu vuc
nghién ctiu véi két qua kha chinh xac (Hé sb tuong quan R?, chi s6 Nash déu dat t6t, sai 6 <
10%). M6 hinh Swan da moé ta tot dugc cac yéu td hinh thanh va phat trién trudng song bién
¢ ngoai khoi, sur bién d6i cua truong song khi lan truyen vao vung ven bo.

Két qua tinh toan trudng séng tai Bii Dai cho thiy trudng song chiu tic dong cha yéu
vao ché do gié mua tai khu vuc (Pong Bic va Ty Nam). Tuy nhién, khi truong séng lan
truyén vao ving ven bd, cac yéu té chinh cta séng bién khong con giit nguyén ma bi bién
d6i boi tac dong ciia dia hinh day bién. Cu thé, vao thoi ky gié mua Tay Nam (thang 7/2021),
huong séng chinh ¢ ngoai khot la hudéng Tdy Nam nhung khi nao dén khu vuc Bai Dai,
hudng song lic nay la huéng Dong Nam voi tan sudt xuat hién 1én dén hon 95%, d6 cao song
lic nay ciing da giam dang ké. Vao thoi ky gié miia Dong Béc (thang 12/2021), huéng séng
ngoai khoi c6 hudng Dong Bic 1a chi dao, khi vao khu vyc Bai Dai huéng séng gan nhu
khong déi ¢ vung nudce sau, nhung khi vao vung nudc nong ven bod cua Bai Dai thi hudng
song gan nhu 14 hudng Pong, d6 cao song 16n hon so v6i mua gio Tay Nam nhung ciing
giam khi vao ven bd. D¢ cao sdng muia gié Pong Bac cao gan nhu gap d6i so voi do cao song
vao mua gié Tay Nam. Két qua tinh toan nay sé& 1a diéu kién dau vao quan trong trong mé
phong tinh todn su xuat hién cta dong chay ven bo do séng ciing nhu dong chay tong hop tai
khu vuc Bai Dai, trong d6 dong rip s& duoc danh gia chi tiét trong hé théng dong chay ven
bo tai khu vuc Bai Dai.

DPong gop cua tac gia: Xay dung y tuong nghién ciru: N.N.T., N.T.B.; Lwa chon phuong
phéap nghién ciru: N.N.T., N.T.B.; Xt ly s6 liéu: N.N.T.; Hi¢u Chll’lh klem dinh mo hinh:
N.N.T.; Viét ban thao bai bao. N.N.T., Chinh stra bai bao. N.T.B.

Loi cam doan: Tap thé tac gia cam doan bai bao ndy 13 cong trinh nghién ctru cta tap thé
tac gia, chua duoc cong bd ¢ dau, khong duge sao chép tir nhitng nghién ctru trude day;
khong co su tranh chap loi ich trong nhém tac gia.
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Research to determine the coastal wave field in the Bai Dai — Cam
Ranh area using mathematical models
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Abstract: The Swan model is applied to calculate and determine the wave field in the Bai
Dai - Cam Ranh area to serve the calculation of coastal currents, especially rip currents.
Mathematical model (Swan model) is the main method in this research, in addition there are
other methods such as data collection method, statistical method, GIS method,... Wind field
Reanalysis of the East Sea area has been collected and is important data in calculating the
wave field generated by wind.The large calculation region is the coastal area from Phu Yen
to Binh Thuan and the small calculation region is the Bai Dai - Cam Ranh area (Khanh
Hoa). Real wave data measured in the coastal areas of Ninh Thuan in 2013 and Bai Dai in
2012 were used to calibrate and verify the model with good to very good results in terms of
correlation coefficient R?, root mean square error (RMSE) and Nash - Sutcliffe index. The
Swan model is applied to calculate detailed wave characteristics at Bai Dai during the two
prevailing monsoon seasons of 2021. The calculation results have determined that during
the Southwest monsoon season, the Bai Dai area has a direction The dominant wave is
Southeast with frequency 96.77% and wave height <0.6 m has frequency 89.11%. The wave
field during the Northeast monsoon season has the main direction from East to Northeast,
of which the Northeast direction has the highest frequency of 81.72%, wave heights > 1.0
m has a frequency of 48.52%.

Keywords: Wave; Swan; Bai Dai.
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Nghién ctiru danh gia va dé xuat giai phap cong trinh chdong sat
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Tém tiat: Hién nay, & Dong bang song Ctu Long (PBSCL) viée mat 6n dinh bo séng dan
dén sat 16 xay ra nhiéu noi véi nhiéu nguyén nhan khac nhau. Khu vuc xa Nhon Thanh,
Thanh phé Bén Tre sat 16 xay ra do dong chu luu 4p sat bo. Nghién ctru di sir dung
phuong phap mé hinh va phuong phap ké thira dé xac dinh cic nguyén nhan gay mat 6n
dinh bo song 1a dong chu luu ap sat bo 10m cua doan song cong (phia xa Nhon Thanh) va
hai vi tri co hep voi van téc 16n. Tir két qua nghién ctru trén, bai bao dé xut giai phap
cdng trinh bao vé truc tiép 1a ké mai nghiéng va ke tudong goc chir L bé tong cot thép
(BTCT) bao vé va dua ra huéng phat trién ‘nghién ctru nham bao vé khu vuc nghién ctru
(KVNC). Nghién ctru tac dong ndy gop phan 1am ré nguyén nhan mat on dinh nham bao
vé trung tAm do thi TP. Bén Tre.

Tir khéa: Dong chu luu ap sat by song; On dinh bo song Bén Tre; Sat 16 nga ba song; Sat
16 6 BPBSCL.

1. Giéi thiéu

Nhitng nim qua, tinh hinh sat 16 trén thé giéi dién bién phirc tap, cu thé nhu bd bién
ctia Puc kéo dai hon 3.700 km; hai phan ba bd bién dang bi x6i mon; trén ving Baltic,
khoang 75% bo bién (cat) bi x6i mon, bd bién ¢ téc do rat lui trung binh khoang 40
cm/nam; Khoang 70% dudng bo bién ctia bang Mecklenburg-Vorpommern bi thu hep; toc
d6 x6i mon dang dién ra 1a 24 cm/nam dbi voi Schleswig-Holstein va 1én t6i 30 cm/ndm
d6i véi Mecklenburg- Vorpommern [2]. Bi ¢6 bo bién dai 67 km, trong d6 33 km 4 con cat,
con lai 1a khu vuce xay dung va bén cang; phan 16n b bién da bi x6i mon trong nhiéu thap
ky; mo han dugc xay dung dé han ché su x6i mon do dong chay va song. Ké tir nam 1960,
viéc nudi dudng bai bién da duoc thuc hién thuong xuyén dé bu dép cho su x6i mon & gén
20 km bo bién. Bii bién va con cat co vai trd quan trong trong viéc chong lii lut; tinh méi
ctia nudi dudng bai bién can duge nghién ciru ap dung & Viét Nam [3].

Tir dau nam 2019 dén nay, bd sdng Tién thude dia phan tinh Pong Thép xay ra sat lo
tai 12 x4, phuong, thi trin caa 7 huyén, thi x&, thanh phd (Thanh Binh, Hong Ngu, Cao
Lanh, Lap Vo, Tam Néng, TP. Cao Lanh va Hong Ngu). Sat 16 bo sdng 1am chét 01 nguoi,
chiéu dai sat ¢ 15,8 km, dién tich sat 16 2,25 ha.

Niam 2022, bd song Tién doan qua 4p Thuong, xa Tan Quai, huyén Thanh Binh di xay
ra vu sat 1& vai chiéu dai khoang 30 m, 1an sdu vao dat lién 22 m, thiét hai hai ngdi nha; di
doi khan cdp 17 ho dan. Gan do, tai khu vuc nha cua anh Pinh Tan Phudc, sat 16 14n sau
vao dat lién khoang 20 m. Bai bao tap trung nghién ctru mot s6 van dé sau: (1) Phan tich,
danh gia, xac dinh nguyén nhan giy ra sat 15; (2) Dé xuét xdy dyung tuyén ké dam bao
chéng sat 16 bo song Bén Tre, xd Nhon Thanh nhim dam bao 6n dinh bo song, on dinh nha
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clra, cOng trinh ha tang, chinh trang do thi, tao ‘my quan cho TP. Bén Tre, gop phan 6n dinh
cugc song ngucn dan thu hat du lich va phat trién kinh té du lich.

Hinh 1. Hinh anh sat lo bo song 1an sat duong An Duong Vuong & KVNC [1].
2. Tai liéu thu thap va phwong phap nghién ctru
2.1. Dir liéu sur dung

2.1.1. Vi tri khu vuc nghién ctau

Bén Tre dugc hop thanh boi ba cu lao An Hoa, cu lao Bao va cu lao Minh; da va dang
xay ra tinh trang sat 1&' ven song, ven bién ngay cang trim trong. Toan tinh c¢6 112 diém sat
10, 04 diém sat 16 c6 quy md 16n. Riéng sat 16 bd song Bén Tre khu vuc x3 Nhon Thanh,
TP. Bén Tre, v6i chiéu dai sat 16 1.200 m, anh huong dén 17 ha; sat 16 da tién gan dén
duong An Duong Vuong (tuyén dudng chinh cua khu vuc). C6 nhimng vi tri bo' séng chi
con cach tuyén duong khoang 4,0 m. Doc theo tuyén ke c6 nhing vi tri dd x61 séu vao
trong bo tir 15+20 m, chiéu dai doan x6i sau theo phuong doc tuyén tir 6080 m [1].

Hinh 2. Vi tri tuyén bo sat 1¢ [1].

Viéc hop luu ba con song nay lam ché d6 thuy vian, dong chay bién ddi, luong dong
chay chuyén tir song My Tho, Ham Ludng vé Ba Lai 1a 16n, dic biét song My Tho; luu tde
dong chay dat dén 2 m/s, 16n hon nhiéu so véi song khéc; 1ong dan cia song Bén Tre dugc
dao sau va mo rong dan.

2.1.2. Pham vi nghién cuu

Song Bén Tre, doan qua xa Nhon Thanh, TP. Bén Tre, chiéu dai 1.340 m (sat 1o 1.200
m); nam trén nga ba song Bén Tre - Chet Sdy - Giao Hoa (day la ba con sdong dao noi ba
con song My Tho-Ba Lai-Ham Luong). Thoi gian nghién ctru 2000 + 2023.
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2.1.3. biéu kién khi hau

KVNC c6 ché do nhiét déi gié mua, hang ndm c6 hai mua ning mua rd rét. Mua ning
tir thang 12 nim trude dén thang 5 ndm sau, lwong mua binh quan 14 1.500 mm/nam. Trong
nam hinh thanh hai mua gi6 chinh: Gi6 mua Pong Béc tir thang 12 dén thang 4 nim sau.
Hudng gié chu yéu 1a Pong - Pong Bic.

KVNC chiu anh huéng truc tiép va manh mé& cta ché do ban nhat tridu khong déu bién
Déng, trung binh 24 gio 47 phut, c6 hai lan triéu 1én (nude 16n) va hai lan triéu xudng
(nude rong), bién do triéu 16n tr 3+ 4 m vao thoi ky triéu cudng va tr 1,8 +2,0 m vao thoi
ky tridu kém. Trong thang c6 hai chu ky tridu 1a triéu cudng va tridu kém; trleu cudng co
dinh cao va chan thap duy tri tir 4 + 5 ngay vao nhiing ngay gitta thang va cudi thang am
lich; tridu kém c6 dinh thip va chan cao thudng xuit hién ¢ hai nira dau chu ky triéu.

2.1.4. Piéu kién dia hinh, dia mao va dia chét

bia hinh trén can: Tuong doi bﬁng phéng, cao do tr +1,2 ++ 2,0m; KVNC ¢6 04 rach
thoat nudce, c6 01 rach tuong ddi 16m, rong khoang 18 m.

Dia hinh dudi nudc: Song cé chiéu rong trung binh 200 m, 0 sau long rach phan thanh
hai doan rd rét, doan 01 tir KO + K0+400 (tir dau tuyén dén ngd ba song) cao trinh day
khoang -5,5m, doan 2 tir K0+400+K1+340 (Tir nga ba song vé cudi tuyén) cao trinh day
trung binh -13,5m, c6 nhitng vi tri -19,0m.

Tai liéu 06 hd khoan va thi nghiém cac chi tiéu co 1y dét, khao sat dia hinh do Céng ty
Tu van Xay dung Cao Khoa khao sat. Dja ting KVNC c6 ciu tao nhu sau [1]: (1) Lop 1:
Dat dap: Sét pha 1an nhiéu ré cay, mun thyc vat mau x4m nau, xdm xanh den, trang thai déo
mém; (2) Lp 2: Bun sét mau xam nau, xam xanh, trang thai chay; (3) Lép 3: Sét, sét pha
kep cdt min mau x4m nau, xdm xanh, trang thai chdy; (4) Lop 4: Cat 1an buyi, sét mau xam
xanh, két cdu roi (xdp); (5) Lop 5: Sét pha, cat pha 13n san s6i mau xam xanh, xam vang,
trang thai nira cing dén cung, két cdu chat. San soi d = 0,2+10,0 mm, ham luwgong 20+30%;
(6) Lop 6: Sét 1an bui, sét pha mau xam xanh, x4m vang, trang thai nira cing dén cing; (7)
L&p 7: Cat pha, cat 1an bui sét mau xam vang, trang thai déo, két cau chit.

2.1.5. Khi tugng, khi hau va thiy van

a) Mang lu6i tram khi tugng thuy van

KVNC c6 ché d6 thuy vin phu thudc vao song 16n (dic biét 1a song Ham Ludng) va
gan bién nén anh huong thuy triéu rat 16n. Myc nudc cao nhat, thip nhat (Hmax, Hmin)
g v6i cac tan suat thiét ké dua vao phuong trinh trong quan (PTTQ) dudng myc nudce
16n nhat va nho nhét giira tram thay van Moc Hoa véi cong Bén Tre.

Béng 1. bac trung muc nudc cac tram thiy van khu vuc (Pon vi: m) [1].

bac Théng
T Tram o mg 1 2 3 4 5 6 7 8 9 10 11 12
My  Max 168 180 156 140 133 132 158 1,79 195 205 195 188
Thuagn Min  -129 -133 -1,39 -146 -160 -159 -1,61 -137 -111 -0,78 -1,13 -1,15
Che Max 175 188 167 150 141 137 156 170 191 199 193 1,90
Lach Min -144 -153 -168 -1,64 -181 -189 -1,78 -157 -134 -1,18 -138 -1,39
,  Tra Max 180 199 173 159 153 13 144 151 173 191 191 196
Vinh  Min  -1.86 -2,02 -201 -198 -217 -231 -232 -215 -200 -169 ~-1,80 -1,82
An Max 171 181 171 162 143 135 131 151 168 18 184 183
Thuagn  Min  -199 -201 -1,95 -1,98 -222 -231 -238 -233 -215 -207 -1,98 -1,99
s My Max 184 183 157 144 130 129 133 14 16l 176 170 177
Héa Min -171 -187 -185 -1,84 -205 -217 -224 -205 -189 -168 -171 -176
, Bén  Max 183 185 173 152 139 129 134 150 169 188 188 187
Trai  Min  -229 -222 208 -251 -240 -251 -257 250 -235 -212 -230 -2.18
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Nim 2018 tai My Hoa muyc nudc cao nhat la 1 83 m; thap nhit 14 -2,24 m.

Hinh 3. So d6 mang luéi tram khi twong thily van KVNC.

b) Tinh toan mua thiét ke
Tai liéu mua ngay cua cic tram mua c6 chuodi tai liu quan trac dai va dang tin cdy.
Luong mua trng véi cac tan suat thiét ké nhu Bang 2.

Bang 2. Luong mwa nam thiét ké cac tram trong khu vuc tinh Bén Tre.

Tram Pic trung théng ké Lwong mwa &ng Véi cac tan suét thiét ké P(%) mm
Giatri Hésdé  Hésé
trung phén thién 70 75 80 85 90
binh tdn Cv  léch Cs
Ba Tri 1540,2 0,18 0,73 13729 1338,1 1301,0 1259,9 1211,2
Bén Tre 1468,1 0,21 -0,08 1309,5 1262,5 1209,9 1148,3 1070,4
Binh Dai 1523,3 0,23 -0,17 1347,2 1292,8 1231,8 1159,9 1068,3
Cho Lach 1507,0 0,23 0,1 1321,3 1270,3 1213,8 1148,4 1066,6
Huong My 1644,9 0,25 -0,13 1436,1 1372,7 1301,7 1218,3 1112,4
Giéng Trom 1812,3 0,33 0,32 1484,7 1401,1 1309,6 1205,0 1076,7
Mo Cay 1296,9 0,17 0,65 1165,3 1136,9 1106,5 1072,6 1032,2

Do tinh chit mua cta khu vuc tur s ligu thyc do thi s tran mua gdy ung mot ngay nam
trong trdn mua gay ung ba ngay, sO tran mua gy Gng ba ngay nam trong trdn mua giy ung
nim ngay, sd trin mua gdy Ung nam ngay nam trong trdn mua gay ung bay ngay do do tran
mua dai ngay s€ nguy hiém hon tran mua ngan ngay. Vé ché d6 myc nudc ngoai song Ham
Ludng va song C6 Chién thi thoi gian triéu cudng thudng xuat hién 5 ngay. Do d6 lya chon
mo hinh mua tiéu 5 ngay max ap dung tinh toan cho khu vurc. Phan phdi mé hinh mura thiét
ké dua trén tran mua dién hinh c6 lugng mua X'Qip X1 béng lugng mua thiét ké va c6 mo hinh
mua bat loi.

¢) Muc nudc thiét ké

Bing 3. Muc nudéc thiét ké (muc nudc 16n nhat nam) (Pon vi: m) [1].

Muec nwéc I6n nhat Dic trung TAn suat P (%)

nim Htb Cv Cs 0,20 0,50 1,00 1,50 2,00 10,0

Tram An Thuén 1,67 0,09 -0,24 2,06 2,02 1,99 1,97 1,96 1,86
Tram Bén Trai 1,74 0,07 -0,42 2,03 2,01 1,99 1,97 1,96 1,89
Tram Chg Léch 1,72 0,10 0,09 2,23 2,18 2,13 2,10 2,08 1,94
Tram My Hoa 1,61 0,07 -0,42 1,88 1,86 1,84 1,83 1,82 1,75
Tram My Thuén 1,75 0,11 -0,06 2,29 2,24 2,19 2,16 2,14 2,00
Tram Tra Vinh 1,70 0,09 0,34 2,21 2,14 2,09 2,06 2,04 1,90
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Bang 4. Myc nudéc 16n nhat cac thang mua kho tai cac tram thay van [1].

Muc nuéc lon Dic trung Tan suat P (%)

nhat muoa kiét Htb Cv Cs 50 75 85
Tram An Thuan 1,59 0,08 -0,39 1,60 1,51 1,46
Tram Bén Trai 1,60 0,08 0,06 1,60 1,51 1,47
Tram Chg Lach 1,48 0,11 0,64 1,46 1,36 1,31
Tram My Hoa 1,50 0,08 0,65 1,49 1,41 1,38
Tram My Thuan 1,40 0,12 0,52 1,39 1,28 1,23
Tram Tra Vinh 1,61 0,10 0,82 1,59 1,49 1,45

Bang 5. Muyc nuéc nho nhat theo tan suat cac tram thiy van [1].

Tram Pic trung TAn suit P (%)
: Htb Cv Cs 90 95 97 98 99
Tram An Thuan -2,20 -3,94 -3,87 -2,34 -2,37 -2,40 -2,42 -2,44
Tram Bén Trai -2,31 -3,90 -3,81 -2,52 -2,58 -2,61 -2,65 -2,68
Tram Cho Lach -1,68 -3,96 -4,30 -1,80 -1,84 -1,87 -1,90 -1,92
Tram My Hoéa -2,02 -3,94 -4,29 -2,18 -2,23 -2,26 -2,29 2,32
Tram My Thuan -1,36 -2,92 -3,09 -1,53 -1,58 -1,61 -1,64  -1,67
Tram Tra Vinh -2,07 -3,90 -3,74 -2,31 -2,37 2,41 2,45  -248

d) Xay dung phuong trinh trong quan myc nudc
Tham khao PTTQ da dugc 1ap cho vi tri cong Bén Tre va tram My Hoa d¢€ tinh toan
muc nudc thiét ké cho cong trinh.

PTTQ H,,,,, Bén Tre - My Héa PTTQ H,,, Bén Tre - My Héa
140 50
y=0.7992 x + 14.5163 ° ; _ _ ;
E R = 0.8547 flO 160 110 g0
z = -60
= gl y=09391x+4.6772
= 5 R2=0.9453
e = -100
£ & ®
=
[ )
£ > -140
=
60
-180
40
40 20 140 220
HmaxMy Hoa(cm) Hmin My Hoa

Hinh 4. PTTQ muc nudc 16n nhat va nho nhat giira tram thay van My Hoéa véi cong Bén Tre
(Ngudn Dy &n Quan 1y nudc Bén Tre (JICA3).

Duya vao PTTQ dudng muc nudc 16n nhat va nhd nhat gitra tram M¢c Hoéa véi cong
Bén Tre, tinh toan xac dinh muc nudce 16n nhat va nhé nhat theo cac tan suat thiét ke.

Bang 6. Muc nudc 16n nhit nam theo tan suat dwoc tinh vé vi tri cong trinh.

Mure nwéc I6n Tan suit P (%)
nhat nim (m) 0,2 0,5 1,0 15 2,0 10,0
Vj tri cbng trinh 1,65 1,63 1,62 1,61 1,60 1,54

Bang 7. Muc nudc nam theo tan suét duoc tinh vé& vi tri cong trinh.

Mue nuwéc nhé Tan suit P (%)
nhit nim (m) 90 95 97 98 99
Vi tri cng trinh -2,00 -2,05 -2,08 -2,10 -2,13

Tir két qua trén cho thdy muc nude 16n nhit tai tram ‘My Hoa lon hon muc nude 16n
nhét tai vi tri nghién ctru khoang 20 cm. Myc nu6e nho nhét tai tram My Hoa thap hon murc
nudc nho nhét tai vi tri nghién ctru khoang 20 cm. Do d6 dé thién vé an toan, st dung sb
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lidu thuc do tai tram My Hoa phuc vu nghién ctru. Sau khi céng Bén Tre xdy dung thi myc

nudc tai vi tri nghién ctru s€ giam thap hon.

Bang 8. Muyc nuéc I6n nhat nam tai cac tram My Hoa.

Muec nwéc lén Dic trung Tan suat P (%)
nhit nim (m) Htb Cv Cs 0,2 0,5 1,0 15 2,0
Tram My Hoa 1,61 0,07 -042 188 1,86 1,84 1,83 1,82

Bang 9. Muyc nuéc nho nhat nam theo tan suit tram My Hoa.

Tram DPic trung Tan suat P (%)
2 Htb Cv Cs 90 95 97 98
Tram My Héa 202 -394  -429 218  -223 226  -2.29

Hinh 5. Vj tri tram thuy van My Hoa, Céng Bén Tre va tuyén ké Bén Tre (ngudn Google Earth).

2.2. Phuwong phap nghién cuu
So d6 cau trdc nghién ctru duoc thé hién trén hinh 6.

Ké thira tai liéu
dia hinh, dia chét,
thay van.

Nguyén nhan

sat 16.

Phan

mem

Plaxis, Giai phép

Geo.5,

Khao sat hién

trang sat 1o. cong trinh.

Mike 11,
Mike 21.

Han ché, hudng
phét trién nghién
cru.

Khao sat hru téc,
lwu lwong.

Hinh 6. So db ciu tric nghién cuu.
2.3. Thiét Igp m hinh

2.3.1. Thiét 1ap mé hinh thuy lyc MIKE 11 cho hé théng séng

Tai li€u str dung: Binh dd dija hinh long song Bén Tre trong khu vuc duoc khao sat do
dac trong pham vi dy 4n. Céc tai liéu bién myc nudce, luu lugng tinh toan dugc trich xuat tir

két qua chay thuy luc mot chiéu MIKE 11 duogc thiét 1ap cho ca hé théng song [1].
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Hinh 7. Binh db long séng Bén Tre - KVNC.

2.3.2. Thiét 1ap mo hinh MIKE 21 FM

a) Ludi tinh toan va dia hinh long song

M6 hinh MIKE 21FM cho phép ndi suy cac cao do dia hinh day song thuc do tao ra
cac khoang cao d6 dong muc thé hién dia hinh long song qua cac phd mau. Ludi tinh toan
su dung phuong phap 1Lt0’1 hinh tam glac cho két qua ndi suy dia hinh min va chinh xac.

1131700 :
RECE - e S —S——
1131500
1131500
1131500 o,
1131200 §
1131400
-, 1131300
131300 | R
1131200 3--
1131200
1131100 131100
113000 b2 Ardig = d i 1131000
130500 th v 1130900
* | * H
bs prali] H
1130900 - bl ; .
. 1 :
" 130700 -
1130800 i i i
% T, H 1133600
4 eyl
o Lo
: 1130500 §-
1130400 i S .
(a) i e AR BT
" i i
Attt 1130500 3
72000 572200 572400 572600 572600 573000

Hinh 8. Ludi tinh toan dia hinh Iong sdng (trai) va dia hinh day song (phai) [5].

b) Bién tinh toan

Bién tinh toan cho mo hinh MIKE 21FM duoc trich xuét tir két qué tinh toan mo hinh
thuy lyc MIKE 11 da duogc tinh todn hi¢u chinh mé hinh. Vi tri trich xuat két qua mod hinh
thuy lyc MIKE 11 lam bién cho m6 hinh MIKE 21 FM tai cac nga song KVNC.

¢) Kich ban (KB) tinh toan

Tinh toan trong hai truong hop: (1) PAI: Cac cong An Hoa, Bén Tre chua xay dung;
(2) PA2: Cac céng An Hoéa, cong Bén Tre va cac cong trinh thudc du 4n quan Iy nudc Bén
Tre (JICA3) va cac cong trinh quy hoach duoc xay dung.
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Hinh 9. So hoa vi tri bién mé hinh thuy luc Mike 21.

2.4. Kich ban tinh toan

KVNC nam gan bién nén chi anh hudng thuy tricu l1a chinh, nén KB chu yéu la trieu
1€n, tricu xuong va trudce va sau khi xay dung cong dicu ti€t bén ngoai.

Bang 10. C4c KB tinh toan.

Tén kich ban N@i dung tinh toan
KB 1 Lii 2000 trong diéu kién hién trang
KB 2 Lii 2000 trong diéu kién xét dén NBD nam 2050
KB 3 Lii 2000 trong diéu kién xét ¢én NBD nam 2100

3. Phan tich két qua va thao luan

3.1. Cac nguyén nhan ddn dén sat 16 bo séng

- Tac dong cua dong chay 1a nguyén nhan chii yéu va truc tiép gay ra x6i 16 bd. Dong
chay tac dong vao bo gy nén qua trinh x61 ngang, dao khoet, cong pha dat bo. Dong chay
khi tac dong vao bd phan ra lam thanh hai thanh phan: thanh phan vudng goc va song song
v6i bo [6]; 1am cho 1ong dan sau thém hay can di, mat cit ngang ma rong hay thu hep phu
thudc vao dong chay va diéu kién long dan. Tac dung cua dong chay gay x6i 1o voi toc do
nhanh hay cham, manh hay yéu phu thudc vao bon yéu to:

+ Do 16n cua dong chay, cu thé 13 luu tdc thuc té 16n hon van tc khoi dong cua bun
cat cAu tao long dan (KVNC c6 ting bun yéu twong d6i day tir 10+12 m), van tdc cang 16n
kha ning gy x6i mon long dan cang 16m [7];

+ Hudng tac dong ctia dong chay vao b, yéu té nay anh hudng t6i co ché x6i 16, hb
x01 hinh thanh hay khong hinh thanh, hinh thanh & dau, mai bo song bi x61 mat hay xo6i1
chan, chinh nhimng diéu nay s& dan tdi téc do x6i 16 bd nhanh hay cham;

+ Ché do dong chay theo hai mua mua ning khac biét nhau, dong chay mua i ¢6 luu
tc, Iuu lwong 16n gip nhiéu 1an mua kiét. Mua muwa dat bdo hoa nudc s& bi giam tinh chét
co ly dat bé mat, gia ting trong luong ban than khdi dat [8] 1am cho x6i 16 ngay cang ting.
Dong triéu v6i van tc 16n, gay nén song triéu, tao nén cac xody 16n trong ndi bd dong
chay;
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+ LU cang 16n, myc nude 1 cang cao, thoi gian 1u kéo dai, luu téc vuot nhidu 1an so
v6i van tbe cho phép khong x6i, cac lop dat mém yéu cua long, bo song cang dé bi pha huy,
bo song bi sat 10, thé séng dich chuyen hinh thai song thay doi theo huéng ngay cang bat
loi; dong chay lii 1a nguyén nhan chu yeu gy ra sat 16 bo song.

- X6i 16 b gy bién hinh ngang cta 10ng din, xay ra do t6 hop cia qué trinh Xx6i long
dan va 1¢ bo; x6i 1ong dan 1a mot qua trinh tuong tac gitra dong chay va long dan, cac hat
bun cat bi tach ra khoi long dan va van chuyén di noi khac ma khéng duoc bu dép lai, con
16 bo 1a do sy mat can bang ctia cac luc co hoc khéi dit bo [9] (luc gay truot 16n hon lyc
chéng truot), dan den khéi dit mai by séng bi truot hay sut 10 ting mang xudng song.

- C4c nhén t6 anh hudng t6i x6i 16 bo duoc phan thanh hai t6 hop: (1) Cac yéu tb tac
dong lam tang lyc gy truot mai bo; (2) Nhan t6 tham gia lam giam lyc chong trugt cua
khéi dat bo song. Hai t6 hop déu lién quan téi su twong tac gitra dong chay, song va hoat
dong clia con nguoi t6i long dan.

- S6ng do gi6 hay do tau thuyén gay ra, ap luc song lam mai bo song bi pha v& két cau,
cac hat bun cat ctia 1ong dan bi tach rdi va van chuyén di noi khac. KVNC nam ¢ nga ba song
Bén Tre - Giao Hoa 1a mot trong nhimg nut giao thong thily chinh cua tinh Bén Tre, 12 song
nbi cac tuyén song chinh 1a song Ham Ludng, Song Ba Lai chii yéu phuc vu giao thong
thity do d6 luong thuyén be, xa lan 16n luu thong v6i mat do day tao con séng 16n ciing 1a
nhirng nguyén nhan gy x6i 10 bd song Bén Tre doan qua xa Nhon Thanh [1].

- Gia tai 1én mép bo song dan ti x6i 10 b gdm xay dung nha ctra, co so ha ting, chat
hang hoa v.v...; lii xubng tridu rat, ting trong lwong khdi dat bo dﬁ bao hoa hay giam ap luc
day n6i; mua lam bio hoa khdi dat bo va phat sinh ap luc tham. ..

- Hinh thai song anh huong t6i x61 16 bo [10]: (1) Dia hinh day song, thé song 13 nhan t6
khéng ché, chi phdi va tao nén két ciu dong chay ciia mit cit ngang song anh hudng t6i x6i 16
bo, cling nhu toan bo dong chay; (2) Hinh dang doan séng anh hudng tGi x6i 16 bo, doan séng
nghién ciru uén cong, dong chu luu tap trung vao bd 16m, gia ting kha ning van chuyén
bun cat dan dén sat 16.

- Khai thac cat ngoai khai truong, vuot do sau cho phép lam thay dbi hinh dang mit cat
song, thay doi do 16, két cdu dong chay va do duc, anh hudng t6i x6i bdi bién hinh 1ong
dan cac doan song lan can, dac biét 1a doan song phia ha du dudi khu vuc khai thac cat
[11].

- Vi tri nghién ctru tir ngd ba song dén cudi tuyén 1a bo 16m cua doan séng cong do anh
huong cua dong chay hudng ngang (hinh thanh boi lyc ly tm), dong chay ¢6 xu huéng moi
dat tir phia bo 16m dua sang phia bo 16i, theo thoi gian doc tuyén phia by 16m s& x6i sau
lam cho mai bd song gan nhu doc dung 1a nguyén nhan chinh gay ra sat 16;

- Anh huong bién d6 mot ngay hai lan trleu 1én xubng cong véi chénh léch muc nudc
chan va dinh triéu 16n [12], tiém 4n hai mbi nguy cho mai song. Thi nhat khi nu6e rat
nhanh 1am dung trong cua khéi gay truot ting, mat khac nude rat lam mat tang phan ap
phia ngoai gay sat truot cho mai. Thr hai nudc rit nhanh theo quén tinh c6 xu thé 16i kéo
cac hat dat theo gay sat truot, xoi 10.

3.2. Phan tich két qud tinh toan

Ché d6 dong chay KVNC phirc tap do ndm tai ngd ba séng Giao Hoa va song Bén Tre.
Phia dong chay tur song Giao Hoa chiu anh hudng boi dong chay trén song Ba Lai va song
Tién. Phia dong chay trén song Bén Tre chiu anh huong thuy tridu tir song Ham Luong.
Kénh Giao Hoa véi bé rong 16n (Bsiao Hoa ~ 200 m, B pén Tre 130 m) nén khi thuy triéu 1én
dong chay trén kénh Giao Hoa chiém wu thé, day cha luu dong chay vé bd 16m cua doan
song cong thuoc xa Nhon Thanh [1]. Theo tac dong cua dong chay c6 thé phan chia khu
vuc thanh hai doan: (1) Poan 1: Tir dau tuyén ké dén ngi ba song Giao Hoa - Bén Tre
(K0-K0+400); (2) Poan 2: Tiur ngd ba séng Giao Hoa - Bén Tre dén cubi tuyén
(K0+400+K1+340 (Rach Cai Son)).
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3.2.1. PA 1: Céc cong An Hoa, Bén Tre chua xdy dung

a) Poan 1: Ché d6 dong chay anh huéng manh nhat vao thoi gian khoang 1 + 2 gi0 tu
thoi diém tridu bat dau 1én hodc bat dau xudng. Tai thoi gian nay KVNC gan séng 16n Ham
Luong hon nén dong triéu KVNC chiu anh huéng cua tridu séng Ham Ludng. Luu tdc dat
tr 1 + 1,5 m/s, van toc 1on xay ra tai hai vi tri co hep dong chay nhu Hinh 10, 11. Luu tbe
16n gay x6i long dan va sat 1¢ duong bd; hai vi tri ndy cao trinh day tir -7,0 + -7.5, cac vi tri
con lai khoang -6,0 + -6,5.

Hinh 10. Luu téc I6n nhit tai doan 1 ldc triéu 1én (tréi) va triéu xudng (phai) PAL.

Tai khu vuc ndy ciing s& ¢ nhiing thoi diém dong chay thuy triéu rat theo huéng tir
kénh Giao Hoa vé song Bén Tre, do tinh chat nga ba song nén dong chdy s€ bi day 1éch nhe
v€ hudng xa Nhon Thanh cling lam tang nguy co sat 16 cho bo song nay.

Hinh 11. Luu téc 16n nhét tai doan 1 lGc triéu xudng P.A1 (dong chay bi day vé huéng xa Nhon Thanh).

b) Poan 2: Mirc d6 sat 16 nguy hiém nhat; luu toc 16n nhat thuong xay ra vao khoang
thoi gian giira thoi ki triéu 1én hodc giira thoi ki triéu xubng [13]. Do long sdng Giao Hoa -
Binh Chanh rong va sau nén dong chay chu luu s& theo ludng song nay va chiém wu thé so
v6i dong chay tir séng Bén Tre vao. Khu vuc bd song xi Nhon Thanh tai vi tri nay c6 hinh
thé bo 16m cua doan séng cong do d6 dong chu luu s& bj ddy vao bo 1dm. Véi luu tde 16n
(1,00 = 1,65 m/s), bun, dat 1ong song s& bi cudn di tao ra cac hd x6i lam mét 6n dinh méi
song dan dén sat 16 bo song. Mot s6 két qua dién bién truong luu tde tac dong dén bo song.
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Hinh 13. Vi tri tuyén ké chdng sat 16 bo séng [1].
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3.2.2. PA 2: Cac cbng An Héa, cong Bén Tre va cc cong trinh thudc dy an quan ly nudc
Bén Tre (JICA3) va cac cong trinh quy hoach duoc xay dung

Sau khi cong Bén Tre, An Hoa va cac cong duoc xay dung thi cic cong trinh nay co
nhiém vy ngan 14, triéu cudng va ngin min cho khu vic ndi déng. Trudng hop ngin 1i,
cdng van hanh & cao trinh +0,6 dé chéng ngap cho khu vuc nodi dong, muc nude trong ndi
ddng s& thap hon so véi khi chua x4y dung cac cdng. Trudng hop ngin min, giit ngot trén
song Ham Ludng va song Tién, cong Bén Tre, An Hoa s& dong dé ngin min giit ngot,
ngudn nudc ngot duoc 1y nhd cac cdng & phia thuong luu, do vay luu toc s& giam di.

a) Poan 1

i tri x6i long dan

Hinh 14. Luu téc 16n nhét tai doan 1 1Gc triéu Ién (trai) va tridu xudng (phai) PA2.

Sau khi cong Bén Tre va cong An Hoa dugc xay dyng, luu tbc KVNC c¢6 xu hudng
giam so voi trude khi ¢6 cac cong nay. Tuy nhién luu toc 16n nhét tap trung tai cac vi tri
gidng nhu ldc chua c6 hai céng Bén Tre, An Hoa. Luu toc 16n nhét tir 0,70 + 1,15 m/s.

b) Poan 2

Hinh 15. Luu téc tirc thoi 16n nhat tai doan 2 I0c triéu I&n (trai) va tridu xudng (phai) PA2.

Sau khi céng Bén Tre va cong An Hoéa dugc xay dung, luu toc tai khu vuc doan 2
cling c6 xu huéng giam so voi trude khi ¢ cac cdng nay. Tuy nhién luu tc 16n nhét (1, 0+
1,4 m/s) van tap trung tai bd 16m ciia song Bén Tre thudc khu vuc xd Nhon Thanh gidng
nhu truong hop chua c6 hai cong Bén Tre, An Hoa.

Nhin chung, sau khi xdy dung cong Bén Tre, An Hoa luu tc giam di tai doan ngi ba
s6ng Giao Hoa - Bén Tre so vai khi chua xdy dung céng. Tuy nhién luu tdc 16n nhat (0,7 +
1,4 m/s) va dong chu luu van c¢6 xu hudng ap sat bd 16m ciia doan song cong va co nguy co
tiép tuc gy sat 10 cho khu vuc néu khong c6 bién phap bao vé bo song.



Tap chi Khi twong Thuy van 2023, 755, 44-62; d0i:10.36335/VNJHM.2023(755).44-62 56
3.3. Giai phap xay dung cong trinh

Trén cac hé thong séng va bo bién Viét Nam noi chung va DPBSCL néi riéng hién c6
rat nhiéu loai cong trinh bao vé bo, phan thanh hai loai chu yéu sau [14]:
3.3.1. Cong trinh chu dong (bao vé gién tiép)

Cong trinh tac dong truc tiép vao dong chay, thay d6i co ché dong, can tinh toan chinh
xac maoi dat hi€u qua va han ché cac bat 1oi do chinh ban than cong trinh gay ra.

Hinh 16. M6 han Phi Gia (S6ng Hong) bi pha ngang vi lii tran qua dinh (trai) va mé han Tam X4
(Séng Hdng) khong con tim chin (phai).

a) Uu diém: Két cAu cong trinh thuong don gian, gia thanh ré, thi cong dé dang nhanh
chong; than thién véi noi truong, dién tich chiém dat lam cong trinh trén can rat it, gidm chi
phi giai phong mit bang.

b) Nhugc diém: Néu khong tinh toan chinh xac, b tri hop 1y c6 thé phan tac dung do
d6 rii ro cao. Lan chiém 1ong dan, han ché luu thong cac phuong tién giao thong thiy. Phu
hop v6i cac duong bo thoai, nén dia chat twong dbi tot dé co thé giam khdi luong vat lidu.
Hau nhu khong c6 két ndi téng thé véi cac co so ha tang khac trén dia ban, khong my quan
cho dia diém xay dung du an.

3.3.2. Cong trinh bj dong (bao Vvé truc tiép)

Cong trinh khong can thiép vao ché d6 dong chay cua song bién, truc tiép bao vé b
song, bién dudi cac tac dong cuia dong chay va cac tac nhan khac tir ty nhién cling nhu nhan
tao. Cong trinh loai nay 1a cac ké gia cb b, hién nay dugc dung cha yéu trén cac song, bd
bién kénh rach trén PBSCL [15].

il

17 10 2005

Hinh 17. Mot s6 hinh anh céng trinh bao vé bi dong.

a) Uu diém: Tinh toan thiét k&, b tri dé dang khong c6 cic tac dong ngugc chiéu nhu
loai cong trinh chu dong. Rat it hoac khong lam thu hep long dan dam bao kha nang tiéu
thoat nudc va kha nang luu thong cac phuong tién trén song rach. Phu hgp moi loai hinh
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dia chét, dia hinh. K&t cAu mém mai, tinh thAm my cao, dé dang két ndi véi cac cong trinh
hién trang, tao nén mot téng thé théng nhét va déng bo.

b) Nhuogc diém: Gia thanh cao, thoi gian thi cong cham hon so véi loai cong trinh chi
dong. Dién tich dén bu chiém dat thudng 16n hon cong trinh loai chi dong.

3.3. Lwa chon logi cdng trinh

Tu nhitng phan tich trén lya chon loai cong trinh “bi dong bao vé truc tiép, dang ke bao
v€ bo” vi nhiing 1y do sau:

- Song Bén Tre 1a con duong giao thong thily rat quan trong trén dia ban tinh, ciing nhu
khu vuc PBSCL, con dudng ndi lién giita cac truc giao thong thiy 16n 1a Ba Lai va Ham
Ludng; cac phuong tién thuy luu thong thuong xuyén va lién tuc do d6 khong thé thu hep
hay han ché 10ng dan ctia song;

- Vi tri xdy dung cong trinh long song rat sau, dic biét tir ngd ba song vé cudi tuyén,
dia chat nén mém yéu do d6 néu bd tri cac cong trinh ké mo han, tuong hudng dong phai st
dung khdi luong vat liéu rat 1on 1am ting chi phi xdy dung cong trinh;

- TP. Bén Tre dang huéng dén d6 thi loai I, vi tri xy dung la dia diém thu hat khach
du lich, do d6 ngoai nhi€ém vu bdo vé bo, cong trinh cling phai can ¢6 tinh thAm my cao, két
nbi dong bo, thong nhét vai cac co so ha tang hién co cling nhu dang quy hoach do d6 loai
cong trinh ke bao v¢ bo 1a hop 1y hon ca.

a) Theo két cdu doan 1 tir KO~K0+400

Ngoai cling phia song tham d4 bao vé 10ng séng; phia trong 1a két cAu mai nghiéng lat
cuc bé tong (BT) ty chén, trén dinh ké bo tri dAm dinh bé tong ¢t thép (BTCT). Cao trinh
dinh ke : +3,0, cao trinh via h¢: +2,5 [16]. Phia trong tuyén ke c6 via he rong 2,5 m, dbe 2%
vé phia ranh thu nudc, két thiic via hé tao mai m = 2,0 xudng hé théng ranh thu nudc phia
dudi.

CAT NGANG DIEN HINH KE MAI NGHIENG (1/50)
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Hinh 18. Quy md mit cit ngang ké &p dung cho doan 1 K0+K0+400 [4].

b) Theo két cau doan 2 tir KO+400+K1+340

Ngoai phia song tham d4 bao vé 1ong song; phia trong 14 tuyén ké bao vé bd. Cao trinh
dinh ke: +3,0, cao trinh via he: +2,5.

Phia trong tuyén ké c6 via hé rong 2,5 m, déc 2% vé phia ranh thu nudc, két thuc via
hé tao mai ddp m = 1,0 xudng hé thdng ranh thu nudc phia dudi.
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CAT NGANG DIEN HINH KE TUONG GOC (1/50)
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Hinh 19. Quy md mit cit ngang ké cho doan 2 K0+400+K1+340 [4].

3.4. PA ky thugt cong nghé cho cdng trinh chi yéu

O mdi doan dé xuét cac PA thiét ké khac nhau, vira dam bao phu hop véi dia hinh hién
trang vira ddm bao dicu kién kinh té, k¥ thudt, tranh gay lang phi.

3.4.1. Doan ke 1 (K0+K0+400)

a) Két cau PA 1: Két cau ké mai nghiéng

Két ciu tuong ké: Phan dinh ké b tri dam dinh dang chir T nguge bang BTCT M300,
cao trinh dinh ké +3,0, chiéu cao 0,5 m. Gia ¢b chéng lan cho dam dinh béng coc BTCT
M300 [17].

Phan mai ké va chan ké: Than ké c6 két ciu dang mai nghiéng v6i d6 déc m = 2. Dinh
mai bat dau tir cao trinh +2,5 két thiic chan mai tai cao trinh +0,0. Tai cao trinh +0,0 bd tri
dam chin chan BTCT M300 (55x70) cm trén nén coc BTCT M300; Mai ké tir duéi 1én trén
nhu sau: Cat dép K >0,90; Vai dia ky thuat (VDKT); Ba ddm 1x2, day 10 cm; Tam BTCT
tu chén M250, day 12 cm.

Gia cb chéng x6i chan ké: T vi tri dam chan chan ra phia song gia ¢6 tham dé day 30
cm két hop 16t VDKT, nhitng vi tri 1ong kénh bi x6i sau str dung bao tai cat dap bu tao mai
trude khi trai tham da.

CAT NGANG DIEN HINH KE MAI NGHIENG (1/50)
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Hinh 20. Cit ngang ké PA 1- &p dung cho doan 1 (K0+K0+400) [1].
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b) Két cAu PA 2: Két cdu ké tudng goc

Két cAu tuong keé: Két cau tuong ké co dang tudng ban goc, lung tudng thing, cao trinh
dinh tuong ke +3,0, chiéu cao tuong 2,5 m bé day 30 cm. Ban day tuong 2,8 m, bé day ban
day 30 cm, phia dudi la 16p BT lot M100 day 10 cm. Két cdu BTCT M300 [17].

Gia c6 chong x6i chan ké: Tir cao trinh chan ké +0,5 ra phia song gia ¢b chéng x6i
chan ké bang tham da day 30 cm két hop 16t VDKT, nhiing vi tri 10ng kénh bi x6i sau st
dung bao tai cat dip bu tao mai trudc khi trai tham da.

CAT NGANG DIEN HINH KE TUONG GOC (1/50)

11

Hinh 21. Cit ngang ké PA 2 - 4p dung cho doan 1 (KO+K0+400) [1].

3.4.2. Doan ke 2 (K0+400+K1+340)

Tuyén ké doan 2 tir KO+400+K1+340 vé6i dia hinh dbc, cao do long rach rat sau tir -
13,0+ -19,0, mai ddc gan nhu thang dimg, viéc ap dung loai ké mai nghiéng (Tuong ty PA1
ctia doan 1), v6i viée tao mai bang khdi cat dap, tinh on dinh khong dam béo, két cdu gay
sat trugt do dia hinh dbc, khdi dap rat 16n vi vay khong thé ap dung két ciu nay cho tuyén
ké doan 2. Pé dam bao duoc su toi wu vé mit kinh té & doan ké nay ngoai PA ke tudng goc
(Tuong tu PA2 cta doan 1) dé xuat thém PA két cau ké tudng cir du tng luc (DUL) dé lam
co s& lua chon PA vira dam bao 6n dinh vira dam bao tinh kinh té k¥ thuat cho doan ke nay.

a) Két cdu PA 1: Két ciu ke tudng goc

CAT NGANG DIEN HINH KE TUONG GOC (1/50)

& "
cTm:
(BT 164 M100 gy 1
7 Coc BTCT MI0O .

Hinh 22. Cit ngang k& PA 1 - 4p dung cho doan 2 (K0+400+K1+340) [1].

Két cau tuong ké: Két ciu tuong ké ¢6 dang tuong ban goc, lung tuong thang, cao trinh
dinh tuong ke +3,0, chiéu cao tuong 2,5 m bé day 30 cm. Ban day tuong 2,8 m, bé day ban
day 30 cm, phia duéi 1a 16p BT 16t M100 day 10 cm. Két cau BTCT M300 [17].
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Gia c6 chong x6i chan ké: Tir cao trinh chan ké +0,5 ra phia song gia ¢b chng x6i
chan ke bang tham da day 30 cm két hop 16t VDKT, nhiing vi tri 10ng kénh bi x6i sau st
dung bao tai cat dip bu tao mai trudc khi trai tham da.

b) Két cau PA2: Két cdu ké twong cir DUL

Két cau tuong ké: Két clu tuong cir ding DUL SW600A, chiéu dai L = 18,0 m, dinh
ctr b tri dAm mii 90x80 cm két hop go lan can cao 50 cm tir cao trinh +2,5 + +3,0 két cau
BTCT M300 [17].

Gia cb chong x6i chan ké: Tur cao trinh chan ké +0,5 huéng ra phia song gia ¢d chng
x6i chan ké bang tham da day 30 cm két hop 16t VDKT, nhiing vi tri 1ong kénh x6i siu st
dung bao tai cat dap bu tao mai trude khi trai tham da.
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Hinh 23. Cit ngang ké PA 2 - 4p dung cho doan 2 (K0+400+K1+340) [1].

3.4.3. Lya chon phuong an

a) Quy md vé cap cong trinh

Can ctr theo QCVN 04-05: 2012/BNNPTNT [18]; chiéu cao cong trinh nho hon 4 m va
trén nén dat sét bdo hoa nudc 14 cong trinh cap IV.

Murc nudc cao thiét ké (P = 2%): +1,82 (Hé cao do Hon Déu)

Muc nudc thip nhat thiét ké (P = 90%): -2,18 (Hé cao d6 Hon Dau)

b) Cac hang muc cbng trinh

- Poan 1: Két ciu ké mai nghiéng, 14t cuc BT tu cheén, dinh ke bd tri dam dinh dang
chir T nguoc bang BTCT M300.

- Poan 2: Két cau tuong goc chit L bang BTCT M300.

Qua nhirng phan tich so sanh hai PA, c¢6 thé dua ra két luan nhu sau:

PA két chu Ké mai nghiéng: C6 gia tri xdy dung thap hon PA ké tuong goc BTCT
khoang 2,10 ty. C6 nhitng loi thé vé mat thAm my, dap tng yéu cau chinh trang dé thi, phu
hop véi dinh huéng phat trién d6 thi ctia Bén Tre ciing nhu dinh huéng phat trién nong thén
m&i ctia xd Nhon Thanh, két cdu don gian, ngudn vat liéu d& kiém d3 c6 kinh nghiém thi
cong nhiéu cong trinh twong ty trong khu vuc. Mit khac cac tuyén ké giap ranh ngay véi
tuyén ke ctia du 4n da ap dung két ciu nay do d6 tinh dong bo rat cao.

PA két cdu K¢ tuong goc BTCT: Két cu truyén thong, don gian c6 nhiéu kinh nghiém
thi cong do d6 day nhanh tién do thi cong, dam bao tinh cdp bach cua du an dit ra. Két cdu
tuong dung phia ngoai thuan tién cho tau be cap bd ddm bdo giao thuong hang hoa. Tuy
nhién PA 2 c6 gia thanh cao hon 2,10 ty so v&i PA1 va khong mang tinh dong bo véi cac
cong trinh ke hién hiru doc séng Bén Tre da thi cong.

Ttr nhitng phan tich trén, PA két cau 4p dung cho tuyén ké cu thé nhu sau:



Tap chi Khi twong Thiiy vin 2023, 755, 44-62; doi:10.36335/VNJHM.2023(755).44-62 61

Poan 1 (K0+-K0+400) dai 400 m: Két cdu ké mai nghiéng, trén mai gia cd bang tim
BTCT ty chen [1]. o ‘

Poan 2 (K0+400+K1+340) dai 940 m: Két cau dang tudong goc chir L bang BTCT
M300 [1].

4. Két luan va kién nghi

KVNC & ngi ba song, ché do dong chay rat phirc tap trong diéu kién dia chat c6 16p
bun kha day (10 + 12 m) [1]. Bén canh nguyén nhan gay ra sat 16 KVNC 1a do hinh théi
song cong dong, chu luu ap sat bo 10m, luu toc gia ting & bo 16m va hai vi tri 6 mat cat
uét co hep, twong tac gilta dong chay va long dan, song va dap bo song (do gid va tau
thuyen) g6p phan 1am mat 6n dinh bo song. Nhim bao vé KVNC, trén co s¢ tinh toan
kinh té, k¥ thuat, my quan, méi truong dé xuat lya chon két cau ké mai nghiéng va tuong
goc chir L BTCT.

Do thé séng cong, vé lau dai can nghién ciru chinh tri dong chay khong ap sat bo bang
bién phap cong trinh nhu ké mo han [19]. Thuong xuyén theo ddi binh dd 10ng séng dé co
giai phap tmg pho kip thoi. Khuyén céo ngudi dan khong gia tai 1én mép bo song, khong
xay dung cong trinh 1an ra song, neo dau tau thuyén co trong tai 1én. .

Do thoi gian va phuong tién nghién ctru chua dap Gng nén Chua dinh dang dugc hinh
dang t?mg bun (day 10 + 12 m) &6 KVNC dé du bao sat 1& cho cac khu vuc lan can. Chua
chay thuy luc cho h¢ thong séng rach cua Bén Tre dé kiém ching két qua do...Trong tuong
lai can dinh luong dinh lugng hai han ché trén va tinh toan tc do sat 16 cho cac khu vuc sat
16 trong diém & Bén Tre.

Loi cam on: Bai bao hoan thanh nho két qua “Du én Sat | bo song Bén Tre khu vuc xa
Nhon Thanh, TP. Bén Tre” do Cty. TNHH Tu van XD Cao Khoa thuc hién nam 2022.

Loi cam doan: TAc gia cam doan bai bao nay la cong trinh nghién ctru cua tac gia, chua
tirng duoc codng bo, khéng sao chép cac nghién ciru trude day.
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Research, evaluate and propose solutions to prevent erosions on
Ben Tre river banks

Van Huu Huel”

1 Mien Tay Construction University, Vinh Long; huuhuevan@gmail.com

Abstracts: Currently, in the Mekong Delta, riverbank instability leading to erosions
occurs in many places for many different reasons. At Nhon Thanh commune, Ben Tre
City, erosions cause the mainstream to close to the riverbank. The study used modeling
methods and inheritance methods to determine the causes of riverbank instability: the
mainstream is close to the concave bank of the curved river section (Nhon Thanh
commune side) and two narrow locations with high speed. From the above research
results, the article proposes a solution for direct protection works such as inclined roof
embankment and L-shaped corner wall embankment on reinforced concrete for protection
and gives directions for research development to protect the area. This impact study
contributes to clarifying the causes of instability to protect the Ben Tre city's urban center.

Keywords: Mainstream close to riverbank; Stabilize Ben Tre riverbank; Three river
distributarys' erosions; Erosions in the Mekong Delta.
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Tém tit: Kim loai trong bui duong, ma dic biét 1a Asen (As) c6 tiém ning gay tac dong
xau dén mai trudng va con nguoi. Khac voi da phan cac kim loai doc, viéc danh gia tac
dong cua As can quan tam tdi dang tdn tai ctia As bdi vi cac dang As c6 ddc tinh khac nhau,
Asen v0 co (1As) c6 doc tinh cao hon dang hiru co va Asen hoa tri I1I (AsIII) doc hon Asen
hoa tri V (AsV). Nghién ctru da ti wu cac thong so cua qué trinh ly trich cac dang As linh
dong bang acid photphoric cling nhu qua trinh chiét AsIII vao pha hitu co bang co ché tao
phuc véi APDC. Quy trinh dé xuét co d6 chon loc cao trong diéu kién dung dich ly trich c6
chtra cac nguyén t6 gy nhifu nhu sit, canxi, nhom, monomethylarsonic acid (MMA) va
dimethylarsinic acid (DMA), véi gi6i han phat hién ¢ mue 0,05 mg/kg. Ap dung quy trinh
trén mot s0 mau buyi duong ¢ Thanh phé HO Chi Minh, két qua cho thay su phan hod 1o rét
vé thanh phéan cac dang As glua cac khu vue. Két qua thu dugc gop phan ching minh tinh
hiéu qua ctia quy trinh trong viéc hd trg cong tac quan ly, gidm sat 6 nhiém bui.

Tir khéa: Phan tich nguyén dang Asen; Chiét Iong 16ng; Bui duong.

1. Giéi thi¢u

Asenic (As) 1a mot kim loai ¢6 ddc tinh ton tai trong nhiéu loai méi trudng trong d6 co
bui ling dong tir khi quyén. As trong bui c6 ngudn gdc tir ca ty nhién 13n nhan tao. Khi thai
do con nguoi tao ra tur cac hoat dong luyén kim, dbt nhién liéu, san xuét nguyén vat li¢u
chiém khoang hai phan ba tong lugng As thai ra khi quyén. Trong khi d6, ngudn gbc phat
thai ty nhién cua As vao khi quyén bao gém nui ltra, chay rung va bui mudi bién [1]. Cac
nghién ctru cho thiy nong do As trong khi quyen o khu vyc d6 thi va cong nghiép cao hon
dang ke s0 v6i ving nong thon. O chau Au, nong d6 As trong khi quyén dao dong tir 0,2- 1 D
ng/m~3 & khu vuc ndng thén va 0,5-3 ng/m= & khu vuc d0 thi, va thuong dudi 50 ng/m=> &
khu vyc cong nghiép [2]. 'Nhing dang As trong khi quyén c6 lién két v6i cac hat byi s& dan
ling dong bén trén mat dat va gop phan cau tao nén bui dudng phd. Chung c6 thé xam nhap,
véan chuyén dén do nudc mua va tran trong mua bio, lam lay lan 6 nhiém du lugng khong
thé luong truge [3]. Nghién ciru & mot khu vue cong nghiép dong dan cu cling cho thay su
gia tang Ve bui min va As lién két v6i bui min trong khoang thoi gian hoat dong san xuat dién
ra. Yéu té nay tac dong dén trang thai chat luong khong khi, gay anh huong xau cho ste khoe
con nguoi, vi bui co thé duoc hit sdu vao phé nang va duoc hap thu truc tiép vao hé thong
tudn hoan phoi [4] hodc di vao trong hé tiéu hoa thong qua chudi thire an. Tuy nhién, doc tinh
va do linh dong cua As c6 lién quan mat thiét véi dic tinh va trang thai oxy hoa ctia n6 trong

Tap chi Khi tigng Thity vin 2023, 755, 63-73; doi:10.36335/VNJHM.2023(755).63-73  http://tapchikttv.vn/


mailto:nthoa@sgu.edu.vn
mailto:nthoa@sgu.edu.vn

Tap chi Khi twong Thiiy vin 2023, 755, 63-73; doi:10.36335/VNJHM.2023(755).63-73 64

moi truong. Nhin chung, cac loai As v6 co ddc hon cac loai As hitu co va As (I1I) c6 ddc tinh
va kha nang linh dong trong méi trudng cao hon so voi As (V) [5].

Tuy thu¢c vao dac tinh cua moi truong (ddc biét 1a pH va diéu kién oxy hoa-khir) cling
nhu tinh chat héa hoc cua cic hop chit As cu thé ma cac dang khac nhau cua asen c6 thé
duogc chuyén dbi _qua lai. Khong khi xung quanh 1a mét phan dac bi¢t cia moi trudong, chiu
tac dong cua nhiéu bién d6i vat 1y va héa hoc ma chu yéu 1a cac hinh thai khi tuong nhu do
am, nhiét d6 va birc xa mat troi. N6i troi nhat trong s6 cac tac dong nay 14 qua trinh oxy hoa
As (III) thanh As (V) boi oxy trong khi quyén, dic biét 1a ¢ pH cao [6]. Nghién ctru ciing chi
ra rang, 0zon trong khi quyén c6 thé dong vai nhu oxy. Mic du ndng d6 ciia ozon trong khong
khi thip hon oxy va bién dong lién tuc, nhung ozon c6 tinh oxy héa manh hon. Hau hét As
trong khi quyén c6 thé dugc tim thay ¢ pha ran; < 10% hién dién & pha hoi. Khi thai do hoat
dong cua con nguoi gdy ra, vi du nhu tir luyén kim hoac d6t nhién liéu hoa thach, dua mot
luong dang ké As bay hoi vao khi quyén (chu yéu 1a oxit As), phén tir nay uu tién hap phu
hodc ngung tu trén cac hat min. Do do, so voi ham lugng As nén c6 trong vo trai dat, As
trong bui c¢6 thé dugc 1am giau gip nhiéu lan [6].

Céc hat bui chira As cling c6 thé bét nguén tir qua trinh tai sinh bui tir cac hoat dong xay
dung, giao thong d6 thi. Nong do va thanh phan hoa hoc ctia bui va cac dang As lién két véi
bui chu yéu phu thude vao vi tri phat thai. O cac khu vuc cong nghiép, noi khi thai cong
nghiép dong vai tro chu dao, ndng do As (va cac dang ctia As) sé chi bi chi phdi boi dang khi
thai nay. Trong khi d6, cac khu virc c6 ngudn phét thai da dang nhu khu vic ngoai 8, trung
tam thanh phd, ndng do As (va cac dang As) chu yéu dugc dinh hinh boi khi thai tir cac hoat
dong d6 thi hodc khi thai giao thong duong bo [7].

Phan tich X-quang mau bui tir khu vuc cong nghiép cho thay dang As lién két véi bui
ton tai dang: Ca;Sr;(AsO4),5(PO4)o5s(OH); AsyO3; As,Os [8], trong d6 As v6 co hoa tri V
1a dang chiém uu thé trong bui [9], va ndng dd As trong bui & cac khu cong nghiép s& ¢ xu
hudng cao hon so véi khu vuce d6 thi [7-10].

Trong sé cac phuong phap phan tich nguyén dang cac hop chét As, ki thuat sac ky long
hiéu nang cao (HPLC) dd dugc chimg minh 1a rat pht hop cho viéc phén tach cac dang As
ma dac bi¢t 1a cac dang As vo co (As hod tri III - AslII, As hoa tr1i V - AsV) va hitu co
(monomethylarsonic acid - MMA va dimethylarsinic acid - DMA). Quy trinh phan tich bao
gom giai doan chiét mau bang cac dung moi phut hop sau d6 tiém vao hé thong HPLC két ndi
ICP-MS (Phé khdi-plasma két hop cam tng). Tuy nhién, k¥ thuat ndy gip han ché do yéu
cau phai trang bi hé théng HPLC-ICP-MS kha phirc tap, doi hoi chi phi van hanh cao va thoi
gian phan tich mau kéo dai [11].

Mot phuong phap don gian hon c6 thé phén tich riéng dang As v6 co d6 1a phuong phap
chiét 16ng - 1ong. Phuong phap nay dua trén kha ning tao phirc tot giita AsIII (As hoa tri IIT)
va ammonium pyrrolidine-dithiocarbamate (APDC) trong mdi truong pH tir 1,5-5, AsV
khong tham gia tao phirc véi APDC & diéu kién nay. Phirc AsIII - APDC duoc chiét qua pha
hitu co 13 cac dung méi nhu CCl14, CHCI3, hay MIBK [12]. Uu diém cta phuong phéap nay
Ia APDC chi tao phtrc chon loc véi AsIII, loai As ¢6 doc tinh cao nhét thuong dugc tap trung
nghién ctru, ma khéng tao phirc v6i cac dang As khéac. Do d6, ta c6 thé xac dinh riéng r& dang
AsllI trong nén mau déng thoi co thé ap dung dé loai bé nén mau phuc tap nhu bui, dét, bun
lang, tram tich, ....Hién nay, & Viét Nam viéc phan tich nguyén dang AsIII, AsV trong bui
chwa dugc quan tim diing mirc, mot phan c6 thé do chi phi phan tich dia trén ki thuat HPLC-
ICP-MS 1a rat tén kém. Do d6, nghién ctru tdi wu quy trinh phan tich AsIII, AsV trong bui
dua trén ky thuat chiét 1ong - 1ong don gian, chi phi thip va dé ap dung c6 vai tro tién phong
trong viéc phat trién hudng nghién ciru vé dic tinh 6 nhidém cic dang As trong bui.

Dic tinh clia As trong bui rat quan trong vi n6 ¢ thé cung cap thong tin vé mirc d6 gay
hai cho sinh vat sau khi tiép xtc qua duong ho hip hoic tiéu hoa. Hon nira, Asen vo co ¢6
ddc tinh cao hon dang hiru co va AsIII doc hon AsV do d6 can c6 mot bién phép hitu hiéu dé
c6 thé nghién ctru, danh gia nhirng tic dong ctia hoat dong dan sinh dén sy ton tai va phan bd
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cua cac ting dang As vo co trong bui. Mac du bui do thi thudc mot trong nhitng méi truong
duoc nghién ctru nhiéu nhat, nhung phuong phap phan tich nguyén dang As trong cac miu
bui van con kha khan hiém, dac biét 1a nhom cac phuong phap duya trén ki thuét chiét long —
long. Do d6, nghién ctru sé thyc hién cac muc ti€u nhu sau: Khao sat diéu kién ly trich cac
dang As vo co tir bui va tdi wu quy trinh chiét 1ong - 16ng xac dinh riéng dang AsIII va AsV;
Danh gia kha nang loai trir chat giy nhifu ctua phwong phap phan tich; Ap dung quy trinh
duoc t6i wu dé phan tich ham luong riéng cac dang As vo co trong bui & khu vyc nha may
phéi tron xi mang & thanh phd H6 Chi Minh.

2. Phuwong phap nghién ciru
2.1. Poi twong va pham vi nghién ciru

2.1.1. Hoa chét, thiét bi

Nghién ctru str dung: Hon hop acid nitric (65%), acid clohidric (35%), acid flohidric
(40%) d¢é thyc hién phan tich tong As; Hon hop dung dich ly trich gdm HsPO4 10% (v/v) va
acid ascorbic 10% (w/v) dé chiét cac dang As v6 co linh dong, dung dich ly trich dugc suc
khi Argon thong qua impinger trong 2 gid véi luu lugng 5 lit/phut dé loai bo khong khi trude
khi st dung, dung dich APDC (ammonium pyoridine dithiocarbamat - Sigma Aldrich) 1%
(w/v) dé tao phtrc véi AslIIl. Céac héa chat str dung c6 do tinh khiét pht hop cho phan tich hoa
hoc. Chit chuan (MERCK) sir dung gdom: AsV (HsAsO4 1000 mg/L trong HNO3 0,5 M) va
Asll1 1000 mg/L trong HCI 2%.

Céc dung dich dém dugc pha trong nudc khir ion gdm c6: Bém pH = 3: Can khoang 295
g acetic acid va 12 g Natri acetat trihydrate, thém nudc dén 800 mL, chinh pH va dinh mirc
1000 mL; Bém pH = 4: Can khoang 255 g acetic acid va 103 g Natri acetat trihydrate, thém
nude dén 800 mL, chinh pH va dinh mirc 1000 mL; Pém pH = 5: Can khoang 108 g acetic
acid va 435 g Natri acetat trihydrate, thém nudc dén 800 mL, chinh pH va dinh mic 1000
mL.

Ham lugng As duoc xac dinh bang thiét bi ICP-MS 7700x Agilent, véi khéi dinh lugng
m/z = 75, st dung khi Heli loai nhiéu voi luu lugng 5 mL/phat, ndi chuan Germani (Ge) pha
trong hon hop HNO3:CoHsOH:H20 ¢6 ty 18 5:2:93.

2.1.2. bia diém lay mau

Mau bui trén mit du’orng dugc thu thap doc theo 2 tuyén duong, c6 mat do phuong tién
giao thong twong d6i cao va nim song song v4i xa 16 Ha Noi, la Nguyén Vin B4 va Song
Hanh trong khoang thoi gian tir 12-15/3/2022, day 1a thoi diém nam trong mua kho va quan
sat thay thoi tiét khong xay ra mua, giéng léc trong sudt 15 ngay trude thoi diém thu thap
mau. Mic du thoi diém léy mau da duogc lya chon giup han ché thép nhét su bién dong vé
tinh chit mau do céac bién dong thoi tiét, hoat dong giao thong van tai dién ra soi dong tai dia
diém thu mﬁu cling c6 thé gay anh huong dén tinh déng nhat cuia mau. Tuy nhién, véi muc
tidu 1a trién khai nghién ctru budc dau dé danh gia quy trinh phan tich nguyén dang AslII,
AsV ciing nhu dua ra cac thong tin so bo vé dic tinh cac dang As trong bui duong, tan suat
va tinh chit mau bui duong thu dugc 1a pht hop v6i myc ti€u cia nghién ctu. Vé dia diém
thu mau, doan duong Nguyén Vin B4 nim doc theo khu nha may bé tong MEKONG Thu
Dirc va cong ty c¢6 phan Logistic Vincem (Hinh 1), 1a khu vye gay 6 nhiém bui trong khu vuc
do hoat dong ph01 tron va hoat dong van tai nguyén vat liéu. Nguoc lai, cac phuong tién nay
khong hoat dong trén tuyén duong Song Hanh cach khu vuc phat thai khoang 150 mét. Vi
vi tri dia Iy nhu vy, nghién ciru hudng dén muc tiéu danh gia anh huong cua hoat dong
nghién, trén xi ‘mang dén phan bd nong do cac kim loai trong bui duong. Ngoai cac xe tai
nang van chuyen bé tong hoat dong tai khu vuc, cac loai xe dau kéo hang nang (container)
cling thuong xuyén ra vao khu vuc nay vi day cling 1a noi toa lac cia cang ICD Sotrans. Nhin
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chung, thong qua khéo sat thuc dia, nguén phét sinh bui chu yéu tai khu vuc nghién ctru dén
tur nha may phdi tron bé tong.

Vi tri Toa dj (a) A(b) /|
D1  10.8168°N, 106.7572 °E i, eD
D2 10.8163°N, 106.7570 °E y o4 g
D3 10.8158°N, 106.7570 °E / wavem () I
D4  10.8152°N, 106.7566 °E c

= ®p12
D5  10.8153°N, 106.7561 °E X

> D3 s
D6  10.8156 °N, 106.7556 °E o 5 T g
D7  10.8149 °N, 106.7568 °E 05 :M gre H
D8  10.8140°N, 106.7567 °E -l

Nha my bé 16 ,

D9 10.8141°N, 106.7577°E el ®p10
D10  10.8144°N, 106.7580 °E A\ { 7o o,
D1l  10.8152°N, 106.7581 °E
D12 10.8163°N, 106.7583 °E — ——

D13 10.8182°N, 106.7586 °E

D14  10.8186 °N, 106.7587 °E Vi tri 1dy mau

Hinh 1. Vi tri 1y mau.
2.2. Phwong phdp ldy mdu va phén tich mau

2.2.1. Phuong phap ldy mau bui duong

Mau bui duoc thu bang cach dung chéi nhua va dung cu quét dé thu gom bui trén dudng
[13]. Chéi duoc 1am sach bang nudc cat 3 1an trude khi 1dy mau. Dé tranh cac hat rit min
phat tan vao khong khi thi trong qua trinh 14y mau can quét cham. MAu s& duoc thu gom tir
lan dudng sat mép duong theo doan dai khoang 10m. Tai mdi diém 1y miu s& lay khoang
500g mau. Mau s& duoc lam kho bang thiét bi dong kho, sang qua rdy Imm dé loai bo da,
vat li¢u tho, nhya va céc tap chét khac. Mau bui s& dugc ray kich c& hat co kich thude 16 nho
hon 100 pm (mesh > 150) dé 1ay duoc phan bui ¢ thé anh hudng tiéu cuc dén stc khoe con
nguoi ciing nhu la phén bui ¢6 lién két nhidu nhat ddi voi bui khong khi [14—16]. Sau d6 mdi
mau s& duoc chuyén vao tai polyetylen sach, duoc ky hi¢u va hit chan khong trude khi dwa
dén phong thi nghiém. Cac mau s& dugc bao quan trong hdp nhya déy kin ¢ nhiét do -20°C
cho dén khi phan tich.

2.2.2. Phuong phap phan tich tong va nguyén dang As trong bui

Céc dang As trong mau dugc ly trich bang dung dich ly trich HsPO4 10% (Vv/v) va acid
ascorbic 10% (w/v), sau d6 tao phirc vdi APDC 1% (wW/V) va duoc chiét vao dung moi
cloroform (CHCIs) sau d6 giai chiét vao dung dich HNO3 25% (v/v). Quy trinh cu thé nhu
sau.

a) Ly trich cac dang As linh dong: Quy trinh dugc xay dung dua trén nghién ctru cta tac
gida Mélanie Giral va cong sy nam 2010 [17] v6i mot sé diéu chinh dé han ché qua trinh
chuyén d6i dang gitra AsIII va AsV, dong thoi thay thé ky thuat chiét vi song bang k¥ thuat
chiét co hoc: Can khoang 1 g (+ 0.001 g) miu bui cho vao éng ly tim 50 mL, thém 30 mL
dung dich ly trich d4 loai oxy, bom khi Argon vao dng va déng chit nip, sau do lic trong bé
diéu nhiét & 10-15 °C véi toe do 100 vong/phut trong 60 phut. Chuyén toan b hdn hop sang
binh dinh mtrc 100 mL va dinh mtc dén vach. Loc bang gidy loc khong tro thu duoc dung
dich sau ly trich (dung dich SLT).

b) Chiét AslIl: 10 mL mAu sau loc (dung dich SLT) duoc chuyén vao phéu chiét co chira
san 30 mL dém pH 4 va 10 mL dung dich Ethylenediaminetetraacetic acid (EDTA) 10%.
Thém 1 mL APDC 1% vao phéu chiét c6 chira mau, lac déu trong vong 5 phat. Thém 4 mL
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cloroform vao phéu, lic manh 10 phut. Dung dich dugc dé yén nham tach pha hitu co va pha
nudc, thu léy pha hiru co. Tiép tuc thém 3 mL cloroform vao phéu, lic manh 10 phut, thuc
hién budc ndy thém mot 1an nita. Gop pha hitu co cia 3 lén chiét (10 mL) vao 6ng thuy tinh
50 mL, thu dugc dung dich (AS3). Dung dich AS3 dugc tién hanh giai chiét (thém dung dich
giai chiét vao dng, tron déu bang may lac vortex 3 phut, doi tach 16p va chuyén pha nuéc ra
khoi Qng) 3 lan, v6i lan dau dung 4 mL va 2 1an sau mdi lan dung 2 mL HNO3 25% (w/v).
Chuyén toan bo pha nudc (8 mL) vao éng thuy tinh 100 mL va dun & 120°C dén khi dung
dich con khoang 3 mL. Dung dich sau giai chiét dugc dé ngudi va chuyén vao binh dinh muc
25 mL, dinh mc dén vach bé“mg nude khir ion, bao quan ¢ 4°C cho dén khi phan tich.

¢) Chiét AsV: Do nguyén Iy ctia qua trinh chiét dua trén phan tng tao phirc gitra AsIII
va APDC, do d6 can khtr AsV thanh AsIII truGe khi thue hién cac bude chiét tach. Dung
pipet hat chinh xac 10 mL dung dich (SLT) vao éng ly tim 50 mL. Thém 4 mL HC1 1 M va
1 mL NazS203 1% vao dng, ddy kin nip, dun cach thuy & 40°C trong 60 phut. Sau do tién
hanh chiét theo quy trinh chiét va giai chiét AsIIL

Dé xac dinh ham lugng tong kim loai, mau bui dugc xir Iy véi hdn hop acid HNO3 - HCI
- HF nhidm pha hity hoan toan nén mau. Can 0.1 g miu cho vao 6ng pha miu bang PTFE,
thém 6 mL HNOs, 2 mL HCI, 0,5 mL HF. Pun mau ¢ 110°C trong 12h, sau d6 gia nhiét dén
160°C va giir trong 2h. Mau sau xr Iy dugce dé ngudi va dinh mirc dén 25 mL, sau d6 luu trit
trong 6ng polypropylene & 4°C cho dén khi phan tich trén thiét bi khbi pho ghép cap cam tng
cao tan (ICP - MS).

Trong qué trinh chiét As can khao sat cac thong s6 nhu: pH chiét, luong chit che EDTA,
dd chon loc cua thude thir APDC véi AsIII trong diéu kién c6 cac chat gay nhiéu nhu AsV,
DMA, MMA, Ca, Fe, Al.

Dung dich SLT: 1 g mau + ong ly 10 mL SLT vao éng ly tdm 50 mL +
tam 50 mL + 30 mL dung dich ly 4 mL HCI 1 M + 1 mL Na,S,0; 1%,
trich + Ar, lic 10-15 °C 100 —>| dun 40°C trong 60 phut dé khir AsV
vong/phut trong 60 phut. Dinh mirc thanh AslIl. B6 qua budc nay neéu
100 mL , loc bang giay loc khong tro phan tich AslII

v

Dung dich AS3: 10 mL SLT vao Thém HNO; 25% (w/v) vao AS3,
phéu chiét c6 30 mL dém pH 4 va 10 vortex 3 phut, chuyén pha nudc ra
mL EDTA 10% + 1 mL APDC 1%, khoi 6 ong, lan dau dung 4 mL va 2

lac 5 phut. Thém 4 mL cloroform, 1an sau moi lan dung 2mL. Chuyén

lic 10 phit, thu lay pha hitu co. pha nudc (8 mL) vao 6ng thuy tinh
Thuyec hién 2 1an: Thém 3 mL 100 mL va dun 120°C dén con

cloroform, lac 10 phut,. Gop pha khoang 3 mL. Dinh murc 25 mL,bao

hitu co vao dng thuy tinh 50 mL quan ¢ 4°C cho dén khi phan tich

3. Két qua va thao luan

3.1. Anh huong ciia pH

Maéi trudng pH anh huong dén dang ton tai ctia AsIII va APDC trong dung dich chiét tir
d6 anh huong dén kha nang chiét hoan toan AsIII trong mau. APDC c6 dic tinh chuyén dan
thanh dang pyrrolidine trong méi truong c6 pH < 3 va két tiia nhom, sit s& xuét hién nhiéu
trong moi trudng pH > 6, do d6 nghién ciru s& tién hanh khao sat pH cta dung dich chiét &
cacgiatrilapH=3,4,5 bﬁng cach sir dung 30 mL cua cac dung dich dém co6 pH 3, 4, 5; moi
gia tri khao sat dugc thuc hién 6 lan. Dung dich mau dung dé khéo sat c6 ham luong AslII,
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Fe®*, Ca®* va AI** lan luot 14 10 ng/L, 250 mg/L, 250 mg/L va 125 mg/L. Ham lugng Fe, Ca,
Al thém vao tuong duong v6i ham luong tong co trong mau buyi thuc té (xac dinh béng
phuong phap ICP-OES, st dung hén hop acid HNOs-HCI-HF dé phan huy hoan toan mau).

Két qua cho thay trong khoang pH khéo sat, hiéu suét chiét trung binh tmg véi cac gia
tripH 3,4, 5 lan luot 12 98,52; 103,17; 101,29% véi do 1éch chuan tuong dbi 3,4; 4,2; 3,8%.
Tuy nhién, tai pH = 5, mac du hi¢u suét chiét van tot nhung quan sat thay trong dung dich
dan xut hién két tia Fe(OH)s. Dang két tiia keo nay c6 kha nam hip phu As 1én bé mit va
lam giam hiéu qua cta qua trinh chiét. Bén canh d6, mot phan két tia c6 thé 1dn vao dung
dich sau khi giai chiét, gdy nhidu cho qua trinh dinh luvong bang ICP-MS. Do d6, diéu kién
pH tdi wu duoc lya chon 1a pH =4.

3.2. Khao sat dé chon loc ctia thuéc thir

Sét 1a mot trong nhitng thanh phan co ban cia bui duong, mic du viée st dung acid
photphoric s& han ché 1 phan sit trong bui hoa tan vao dung dich ly trich, nhung ion Fe®* van
chiém thanh phan ap d4o so voi cac dang As. Ton Fe®* lai c6 kha ning phan tng tao phirc v6i
APDC, tir d6 1am giam hiéu qua cua qua trinh chiét AsIII bing APDC. Nham ngin can quéa
trinh tao phuc gitta F e3* va APDC, bién phap hitu hiéu nhat 1a s dung chat che EDTA dé
tao phirc v6i Fe®*. Tuy nhién, trong bui ngoai Fe con c6 Al, Ca ciing 1 cac nguyén to da
luong c6 kha ning tao phirc vdi EDTA dan dén giam tac dung ciia EDTA. Nghién ctru tién
hanh khao sat luong dung dich EDTA 10% & cac gia tri lan luot 12 2, 4, 6, 8, 10 mL thém
vao dung dich ly trich c¢6 ham luong AsIII, Fe®*, Ca?* va AI** lan luot 1a 10 ng/L, 250 mg/L,
250 mg/L va 125 mg/L.

Két qua (Hinh 2) cho thdy lugng EDTA trén 4 mL s& dam bao kha nang chiét AsIII véi
hiéu suat thu hoi khoang 93-99%. Tuy nhién, khi ding 6 mL EDTA, két tia mau xam cia
Fe3* va APDC c6 xuét hién, ching to6 EDTA da khong da dé tao phtrc hoan toan véi Fe va
c¢6 kha nang 1am giam hiéu suat chiét dbi v6i cac mau co6 ham luong As cao. Do d6 thé tich
tdi wu ciia EDTA dugce lya chon 14 10 mL.
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Hinh 2. Anh hudng cua thé tich dung dich EDTA dén hiéu suat chiét.

3.3. Ddnh gid phwong phdp chiét

Nghién ctru tién hanh thue hién tao 20 dung dich mau chira chat gay nhiéu, c6 ham luong
AsIIT 10 ng/mL; déng thoi chira cac dang As khac nhu AsV, DMA, MMA véi ham lugng
100 ng/L mdi loai; dung dich nay ciing chira cac nguyén t6 gy nhiéu nhu Fe (250 mg/L), Ca
(250 mg/L), Al (125 mg/L). Cac dung dich nay s€ dugc phan tich ham luong AsIII va AsV
dua trén quy trinh chiét d3 t5i vu nham xéac nhan dd chon loc cua thude thir, 46 on dinh cta
qué trinh chiét, d6 dung ctia phuong phéap va kha nang khir hoan toan AsV thanh AsIIL

Két qua cho thiy hiéu suat chiét trung binh ctia phuwong phap d6i véi AslIII 1a 98,73% va
97,19 % dbi véi AsV véi d6 1éch chuan twong dbi (%RSD) nho hon 3%. S6 liéu nay ching
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t6 phuong phap chiét c6 do 6n dinh va d6 chinh xac cao, dam bao c6 thé xac dinh chinh xéac
ham luong AsIII, AsV linh dong c6 trong bui. Dya trén viéc phan tich 21 mau tréng chi chira
cac chat gy nhiu ma khong chira AsIII, gi6i han phat hién ciia phuwong phap (LOD = 3xSD)
duoc xac dinh 1a 0,1 mg/kg.

3.4. Thoi gian ly trich

Thoi gian ly trich anh huéng dén kha ning 16i kéo dang As linh dong ra khoi nén mau,
thoi gian chiét kéo dai s& dam bao ly trich hoan toan chit phan tich. Tuy nhién, do AsIII d&
bi oxy hoa trong dung dich, do d6 thoi gian ly trich can dam bao khong qua dai dé tranh xay
ra hién tuong oxy héa AsIIL. Nghién ctru sé& tién hanh ly trich mau bui dudng trong cac thoi
gian khac nhau va danh gia su bién d6i cia ham luong AsIII va AsV trong dich ly trich. Cac
khoang thoi gian dugc lya chon dé khao sat trong nghién ctru nay 1a 15, 30, 45, 60, 75, 90
phut lic chiét. Bén canh do, két qua tong ham luong As ly trich bang phuong phap lic chiét
cua nghién ctru s€ dugc so sanh voi phuong phép ly trich trong dung dich 1 M H3PO4 + 0,5
M ascorbic acid véi sy hd trg ciia 10 vi song, ddy 1a phuong phap ly trich da duoc cong bd
qudc té boi Mélanie Giral va cong sy nam 2010 [17] va duge nhiéu nghién ctru khac ap dung.

Két qua cho thdy ham luong As linh dong trong mau khong thay d6i khi ap dung thoi
gian chiét tir 45 phat tré 1én va khong co khac biét thong ké (p = 0,45, n = 6) so v6i phuong
phap chiét bang vi song. Nghién ctru ciing khong phat hién ra sy thay di ty 18 AsII/AsV
trong khoang thoi gian chiét tir 45 dén 90 phat (Hinh 3), ching t6 khong co phan tmg oxy
hoa - khir xay ra trong qué trinh ly trich. Piéu nay dat dugc do phan 16n oxy di dugc loai
khoi dung dich ly trich bang khi Argon va viéc bd sung ascobic acid c6 tinh khir d4 loai trir
hoan toan phan mg oxy héa AsIII. Bén canh d6, diéu kién chiét lanh & 10°C gitip ngan can
su khir AsV boi ascobic acid. Toém lai, nghién ciru da chimg minh dwoc phuong phép ly trich
dugc dé xuét co hiéu nang va do dac hiéu twong duong véi phuong phap chiét sir dung vi
so6ng [17], nhung c¢6 wu diém 1a dé thyc hién va khong doi hoi phai c6 thiét bi vi séng chuyén
dung.
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Hinh 3. Anh huong cia thoi gian ly trich dén tong ham luong As linh dong va sy 6n dinh cia dang
AslIL, AsV (biéu thi qua ty 18 AsIII/AsV).

3.5. Phan tich ham lwong AsIIl, AsV trong mau bui dwong

Bang 1. Ham lugng cac dang As co6 trong bui dudng.

Vi tri t.As iAs AsllilI AsV Aslll/AsV
Khu vuc D-1 5,79 1,32 0,47 0,85 0,55
Xung quanh D-2 6,89 1,59 0,95 0,64 1,48
nha may tron D-3 5,23 1,23 0,42 0,81 0,52

bé tbng D-4 7,18 1,67 1,15 0,52 2,21
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Vi tri t.As iAs Asllil| AsV Aslll/AsV
D-5 5,32 1,27 0,42 0,85 0,49
D-6 6,46 1,41 0,88 0,53 1,66
D-7 5,46 1,29 0,46 0,83 0,55
D-8 5,96 1,38 0,72 0,66 1,09
D-9 5,21 1,25 0,41 0,84 0,49
Khu vuc D-10 5,02 1,15 0,32 0,83 0,39
céch xa nha D-11 5,64 1,44 0,37 1,07 0,35
may tron bé D-12 5,08 1,11 0,33 0,78 0,42
tong D-13 4,72 1,05 0,31 0,74 0,42
D-14 521 1,21 0,38 0,83 0,46

Don vi: mg/kg; t.As: Ham luong As tong s6; iAs: Tong ham lugng As vo co ly trich duoc (AsIII+AsV).

Két qua (Bang 1) cho thiy luong As vo co linh dong chi chiém khoang 21-25% tong
luong As c6 trong bui, do d6 cac danh gia vé mirc d 6 nhiém As trong bui cAn quan tm hon
dén dang linh dong hon 1a dang tong dé ¢ thé phan anh chinh xéc tinh trang 6 nhiém. Cuy
thé, ham luong trung binh cua As tong 1 5,65 mg/kg, cao hon 4 1an so v6i ham lugng trung
binh cua iAs (1,31 mg/kg), nhu vay viée st dung két qua As tong dé tinh toan cac hé s6 danh
gid moi truong cd kha niang s& gy ra canh bio qua mirc thuc té vé tinh trang 6 nhidm hién
hitu din dén nhitng sai 1dm vé hoach dinh chinh sach ciing nhu tao ra tim Iy bat an cho cu
dan sinh song gan ngudn phét thai. Hién nay ¢ Viét Nam chua c6 nhiéu nghién ciru vé ham
luong As trong bui dudng ma dic biét 1a danh gia ham luong cac dang As tai cac ngudn phat
thai nhiéu As, do d6 két qua ctia nghién ctru s& dong vai trod tién dé cho cac nghién ctru tiép
theo vé linh vuc nay.

Két qua con cho thiy su phan hoa rd rét vé thanh phan AsIII va AsV ¢ khu vuc phéi tron
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Hinh 4). Theo d6, ham lugng AslII, dang As ¢6 doc tinh cao, & khu vuc lan can dia diém
tron bé tong c6 xu hudng cao hon nhirng khu vuc xung quanh. Piéu nay chimg to hoat dong
phdi tron bé tong ciing 13 mot ngudn gay phat thai AsIII vao méi truong. Bén canh dé, xu
hudng trén chi co thé quan sat o rét khi thuc hién danh gia ham luong AslIlIl, AsV, trong khi
can ctr vao ham lugng As tong thi xu huéng nay kha md nhat (Hinh 5).
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Hinh 4. Phan hoa vé ty 1¢ AsIII/AsV giita khu vue  Hinh 5. Phan bé ham luong As tdng va AslII trong
phat thaiva khu vuc 1an can. mau bui tai cac dia diém nghién ctru.

4. Két luén

Nghién ctru da t01 uu quy trinh phan tich riéng dang As vo co (Aslll, AsV) trong bui
duong, cac thong s t6i wu dam bao cho qua trinh chiét hoan toan AsIII voi APDC. Bén canh
do, qua trinh ly trich As v6 co linh dong da dugc thiét ké dé khong lam anh hudng dén luong
As ly trich dugc ciing nhu sy 6n dinh cta AsIII va AsV. Quy trinh dugc nghién ctru c6 cac
vu diém so vdi cac quy trinh da dugc cong b trén thé giGi [17] nhu: 1-Chi can sur dung
nhiing thiét bi xtr Iy mau co ban ma khong can dén thiét bi pha mau vi song hién dai; 2-Quéa
trinh chiét AslIII, AsV dugce thue hién dya trén phuong phap chiét long - l6ng don gian hon
SO V01 ky thuat sic ky long hiéu ning cao. Mic du quy trinh dé xuat co uu diém 1a dé thyc
hién véi chi phi thap, tuy nhién ciing c6 mot sé nhugc diém khi so sanh voi k§ thuat HPLC-
ICP-MS d6 1a khong thé phan tich dong thoi cac dang asen hitu co va thoi gian phéan tich kéo
dai.

Phuong phap sau khi chimg minh dugce dg chon loc va d§ ding, thong qua viéc phan tich
mau chira cac chét gay nhidu nhu Al, Fe, Ca, DMA, MMA va so sanh v6i phuong phap chiét
tiéu chuan [17], da duoc tmg dung vao phén tich cac riéng dang As v co linh dong trong
mau byi dudng ¢ khu vuc nha may phdi tron bé tong & Thanh phd H6 Chi Minh. Mic du két
qué phén tich ham lugng As tong trong cic mau bui duong déu thap hon mirc quy dinh 15
mg/kg (QCVN 03-MT:2015/BTNMT) va ciing thap hon muc trung binh chung cua thé gidi
[18-20]. Tuy nhién, dua vao su phan bd ham luong AsIII & khu vuc khao sat, nghién ctru da
chi ra rang hoat dong phdi tron bé tong da gop phan lam phat tan mot luong AsIII vao moi
truong.

Tt nhing két qua nghién ctru hién tai, nghién ciu dé xuat mé rong khu vuc ldy mau, da
dang hoa mau tir cac nguon phat thai khac nhau, cting nhu theo doi sy bién dong ham luong
As v6 co theo muia. Tlr d6 dé hiéu 16 hon cac yéu tb tic dong dén ham luong cac dang As vo
co trong bui duong, phat hién cac nguy co tiém tang va dwa ra cac canh bao kip thoi cho cong
dong.

bong gop cua tac gia: Xay dung y tuong nghién ciru: N.T.Q.T., N.T.H.; Thu thap dir lidu:
N.T.Q.T., N.-T.H.; Xtr Iy s6 liéu: N.T.Q.T., N.T.H.; Viét ban thdo bai bao: N.T.Q.T., N.T.H.;
Chinh stra bai bao: N.T.H.

Loi cam on: Bai viét thuoc dé tai nghién ciru khoa hoc c6 ma sé CSB2022-45 clia Truong
Pai hoc Sai Gon. Nhom tac gia tran trong cam on Truong Pai hoc Sai Gon da tai trg cho Bé
tai
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Loi cam doan: Tap thé tac gia cam doan bai bdo nay 1 cong trinh nghién ctru ciia tap thé
tac gid, chua dugc cong bo ¢ dau, khong dugc sao chép tur nhitng nghién ctru trudc day;
khong c6 su tranh chap 1oi ich trong nhom tac gia.
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Research to determine As(l11), As(V) content in road dust near
concrete mixing plant in Ho Chi Minh City by liquid-liquid
extraction method based on complex formation mechanism with
APDC reagent

Nguyen Thi Quynh Trang '*, Nguyen Thi Hoa?
! Faculty of Environment, Saigon University; trangntm@sgu.edu.vn; nthoa@sgu.edu.vn

Abstract: The presence of arsenic (As), particularly inorganic arsenic (iAs), in road dust
can have detrimental effects on both the environment and human health. Assessing the
impact of arsenic is unique because its various species have differing toxicities; iAs is more
harmful than organic As, and Aslll is more toxic than AsV. In this research, we optimized
the extraction parameters for mobile As species using phosphoric acid and successfully
extracted Aslll into the organic phase through a complexation mechanism with APDC. Our
method exhibits high selectivity even in the presence of interfering elements like iron,
calcium, aluminum, monomethylarsonic acid (MMA), and dimethylarsinic acid (DMA),
with a remarkable detection limit of 0.05 mg/kg. When applied to road dust samples from
different areas in Ho Chi Minh City, this procedure revealed distinct variations in the
composition of As species. These findings underscore the procedure's effectiveness in
supporting efforts to manage and monitor dust pollution.

Keywords: Arsenic speciation analysis; Liquid-liquid phase separation; Road dust.
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Nghién ciru xdy dung quy trinh thir nghiém 1ong ghép két qua
giam sat bién doi khi hau vao ké hoach trién khai quy hoach mang
lwéi tram Kkhi twong thily vin qudc gia giai doan 2021-2030, tim
nhin dén 2050
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Tém tit: Song song v6i quy dinh vé long ghép ndi dung g pho voi bién ddi khi hau theo
phap luat bao vé mai truong, két qua giam sat bién d6i khi hau (BBPKH) ciing di duoc Luat
Khi tugng thiy van nam 2015 yéu cau phai 16ng ghép vao chién luoc, quy hoach, ké hoach.
De tudn thu dung quy dinh cua phap lut va dam bao tinh hiéu qua cua viée 16ng ghép cac
van dé cuia BDKH can phai xdy dung cac quy trinh huong dan thyc hién. Nghién ctru nay
da sir dung phuong phap xac dinh mdi quan hé gitra két qua giam sat BDKH va quy trinh
chién luoc, quy hoach, ké hoach, dong thot tham khao, ké thira két qua nghien ctru ¢o lién
quan, nhom tac gia da dé xuat quy trinh gdm 05 budc 10ng ghép két qua giam sat BDKH
vao chién luoc, quy hoach, ké hoach va ap dung thir nghiém vao ké hoach trién khai quy
hoach mang ludgi tram khi tuong thuy van qudc gia giai doan 2021-2030, tAm nhin dén 2050.
Két qua thir nghiém cho thiy, quy trinh c6 thé hd tro hi¢u qua viéc xay dung ké hoach phat
trién mang ludi dam bao ding muc tiéu, yéu cau ctia quy hoach.

Tur khéa: Giam sat bién d6i khi hau; Quy trinh 10ng ghép; Long ghép két qua giam sat bién
doi khi hau.

1. Giéi thi¢u

Long ghép (Meanstreamlng) hodc tich hop (mterg rating) blen d6i khi hau (BPKH) vao
qua trinh xay dung chién lugc, 1ap quy hoach/ké hoach va ra quyét dinh 1a mot cong cu quan
trong, dé dam bao muc tiéu thich Gng véi bién ddi khi hau va giam nghéo dugc thuc hién
song song. Cach tiép can nay lién quan viéc tinh toan dén rai ro va co hoi khi dua ra cac giai
phép thich g phil hgp v6i tam nhin phat trién [1]. Hoat dong lbng ghép BDKH dugc danh
gia la noi dung quan trong trong hoat dong xay dung chinh sach, ké hoach va cac dy an phat
trién ctia mdi qudc gia, viéc 10ng ghép s& gbp phan: (1) giam thiéu tinh d& bi ton thwong trudc
tac dong cua BDKH, (2) tang cuong nang luc thich ing cua cong ddng va cac hoat dong québc
gia va (3) dam bao sy phat trién bén viing [2].

Trén thé gidi, hoat dong 16ng ghép BPKH duoc nhléu qudc gia quan tam va trién khai
rong réi, tai My, mdt s6 bang nhu Flolida, Boston da tién hanh 1ong ghép BDKH trong ké
hoach phat trién thanh phé [3], Vién Quy hoach cua Uc (PIA) di thira nhén rang trong diéu
kién BDKH, viéc xay dung quy hoach trd nén phtrc tap hon, thach thie dbi véi cac phuong
phap 1ap ké hoach truyén thong, do d6 can cé sy d6i méi, hop tac linh hoat giita cac bén lién
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quan, trong d6 dir liéu vé BPKH va du bao tac dong cia BDKH la nén tang trong qué trinh
xay dung ké hoach [4]. Tiép can theo hudng danh gia rui ro ciia IPCC, mot nghién ctru da
van dung, dé xuit cac quy trinh 16ng ghép BDKH vao xay dung ké hoach phat trlen mot sb
nganh, linh vuc cu thé, vi du nhu giao théng vén tai [5-6], nang lugng [7], y té du phong
[8]..., mdt s& qudc gia trong khu vic Dong Nam A nhu Thai Lan, Philipine da luat hoa hoat
dong 1ong ghép BDKH vao xay dung chién luge, quy hoach, ké hoach [9].

Viét Nam dugc danh gia 13 ban hanh nhiéu chinh sach vé BPKH hon cac quéc gia khac
trong khu vuc [9]. Hoat dong 16ng ghép BPKH vao chién luoc, quy hoach, ké hoach & nuéc
ta dugc quan tdm tir kha sém [10], luat hoa dau tién tai Luat Bao vé mdi truong nam 2014
[ll] quy dinh chi tiét hon tai Luat Bao vé méi trudng nim 2020 [12]. Dong thoi véi viée
10ng ghép noi dung ng ph6 v6i BDKH, moi ndi dung nita yéu cau phai 10ng ghép vao chién
lugc, quy hoach, ké hoach do 1a két qua giam sat BDKH theo quy dinh ctia Luat Khi tuong
thity vin nim 2015 [13], gin day nhat B6 Tai nguyén va Mbi trudng di ban hanh Thong tu
s6 06/2023/TT-BTNMT ngay 31/7/2023 hudng dan lbng ghép ndi dung tng pho voi bién doi
khi hau vao chlen lugce, quy hoach [14], tuy nhién, d6i véi quy dinh 10ng ghép két qua giam
sat BDKH hién van chua dugc quan tm trién khai thuc hién do chua c6 quy trinh, vin ban
nao huéng dan thuc hién.

Céc hoat dong nghién ctru khoa hoc, dé tai, du an léng ghép BDKH, trong nhiing nam qua
cling da duoc trién khai kha nhiéu, tap trung chi yéu vao xdc dinh ti€u chi, chi tiéu 16ng ghép
tmg ph6 BDKH [15], trién khai 16ng ghép vao ké hoach phat trién ctia dia phuong [16], phét
trién linh vuc, nganh, nghé [17], trén co s hudng cua Vién Khoa hoc Khi turong Thuy van va
Bién d6i khi hau, phuong phap tiép can nghién ctru tac dong va thich img vo1 BDKH cua Bo
Nong nghiép va Phat trién nong thon, hién van chua c6 nghién ciru nao dé xuat cac van dé vé
10ng ghép két qua giam sat BDKH theo quy dinh ctia Luat Khi tugng thity van nam 2015,

Mang lugi tram khi tuong thuy van qudc gia c6 vai tro, nhiém vu cung cap thong tin, dir
lidu quan trac khi tuong thuy van, giam sat BDKH phuc vu cong tac chuyén nganh va phat
trién kinh té - xa hoi, quoc phong an ninh. Quy hoach mang lué6i tram quan trac trén thé gioi
cling nhu & Viét Nam déu uu tién trién khai quan trac ¢ nhitng khu vyc thuong rui ro thién
tai cao, ap dung cac giai phap cong ngh¢ quan tric, truyén tin tién tién... Dé lya chon cac khu
vuc uu tién trién khai quan tric ctng nhu cac giai phap cong nghé, déc tinh k§ thuat cua thiét
bi phu hop véi diéu kién khu vuce lap dat thi viéc sir dung két qua giam sat BDKH trong phan
tich, danh gia dong vai tro quyét dinh. Chinh vi vay, ngoai muc tiéu dé xuat quy trinh long
ghép két qua giam sat BDKH vao chién luge, quy hoach, ké hoach, nghién ctru nay sé& tién
hanh thur nghlem 10ng ghép vao ké hoach trién khai quy hoach mang lugi tram khi tuong thuy
van qudc gia giai doan 2021-2030, tam nhin dén 2050 sap tdi sau khi Quy hoach mang luéi
tram khi tuong thuy van qudc gia duoc phé duyét.

2. Phuwong phap nghién ciru

2.1. Co 56 thuec tién cho viéc xdy dung quy trinh long ghép

Tai Hoi nghi thugng dinh qudc té vé phat trién bén vimg nam 2002, 1an dau tién chu dé
tich hop cac van d&¢ BPKH dugc nhic toi, xuit phat tir quan niém cac giai phap ing pho két
hop v6i mirc song dugc cai thién cia cong dong s& lam giam tinh dé bi ton thuong trudc
BDKH [18]. ‘Nam 2008, Viét Nam da dua néi dung tich hop van dé BPKH vao Chuong trinh
muc tiéu quoc gia ung pho voi bién d6i khi hau [19]. Nam 2012, dé xay dung tai liéu “Tich
hop véan dé bién dbi khi hau vao ké hoach phat trién kinh té - x3 hoi”, nghién ctru di dua ra
05 budc quy trinh 16ng ghép gdom: (1) Sang loc, (2) lua chon cac giai phap ung pho, (3) thuc
hién tich hop, (4) thuc hién cac chién luoc, quy hoach, ké hoach di tich hop, (5) giam sét va
danh gia [10]. Nam 2014, ndi dung 16ng ghép duoc xac dinh cy thé 1a tng phé véi BDKH
duogc quy dinh tai Diéu 40 Luat Bao vé méi truong nam 2014 va dugc quy dinh chi tiét hon
tai Piéu 93 Luat Bao vé méi truong ndm 2020. Mot khia canh khac cua van dé BPKH theo
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yéu cau phai thuc hién 1ong ghép d6 1a két qua giam sat BDKH duoc quy dinh tai Diéu 37
Luat Khi tuong thuy van nam 2015, hi¢n van chua c6 bat ctr cong trinh, tai liéu nao hudng

dan trién khai.

Bing 1. Tong hop thong tin quy dinh vé 10ng ghép van dé BDKH vao chién lugc, quy hoach, ké hoach.

Quy dinh

Luét Khi twgng thiy vin 2015

Luét Bio vé méi truomg 2020

DPbi tuong yéu cau phai
10ng ghép
Yéu cau long ghép

Loai

Noi dung 10ng ghép

Quy trinh huéng dan

Chién luoc, quy hoach, ké hoach

Két qua giam sat BDKH

Thudc danh myc danh gid moi truong
chién lugc

Str dyng thong tin, dir liéu khi tugng
thity van, giam sat bién d6i khi hau
trong viéc danh gia diéu kién ty nhién,
moi trudng cua khu vuc 1ap chién luoc,
quy hoach, ké hoach

Chién lugc, quy hoach, ké hoach

Ung pho véi BBKH
Thudc danh myc danh gia moi truong
chién luoc
Kich ban bién d6i khi hau va tac dong
ciia bién d6i khi hiu dwoc st dung
trong viéc xac dinh muc ti€u dai han
ctia chién lugc, quy hoach

Str dung két qua phan tich, danh gia
nhitng biéu hién cua bién d6i khi hau va
tac dong cua bién d6i khi hau dén thién
tai, tai nguyen, moi truong, hé s1nh thai,
didu kién song, hoat dong kinh té - xa hoi
va cac van dé lién nganh, lién ving, lién
linh vuc nhim xac dinh cac muc tiéu 1au
dai cua chién luoc, quy hoach, ké hoach
Str dung két qua phan tich, danh gi4 cac
giai phap ung phé véi bién dbi khi hau
trong viéc xac dinh céc chi tiéu kinh té -
xd hoi cua chién luoc, quy hoach, Kké
hoach.

Chua co

Cac gidi phap tmg phé voi bién doi khi
hju duoc 1ong ghép vao ndi dung cua
chién lugc, quy hoach

Két qua phan tich, danh gia giai phap
tng pho véi bién d6i khi hau duoc sir
dung trong viéc xac dinh chi tiéu kinh
té - x4 hoi cua chién luoc, quy hoach.

ba co

16ng ghép

2.2. Péi twong, pham vi nghién ciiu

bé xdy dyng dugc quy trinh 16ng ghép. két qua giam sat BDKH vao chién lugc, quy
hoach, ké hoach, nhoém tac gia xac dinh cac d6i tuong nghién clru gdm: c4c cdng trinh nghién
ctru dé xuét, ap dung quy trinh 10ng ghép cac van dé vé BPKH, cac vin ban quy pham phap
ludt vé quy hoach, khi tugng thiy van, méi truong, BPKH, cac huéng dan 16ng ghép, tich
hop BPKH vio chién lugc, quy hoach, ké hoach. Ve pham vi nghién ctru, nhom tac gia tap
trung vao vai tro ciia két qua giam sat BDKH, mbi quan hé giira quy dinh cua phap lut vé
noi dung 1ong ghép véi quy trinh xay dung chién luge, quy hoach, ké hoach.

2.3. Nguyén tdc xdy dung quy trinh va thir nghiém

Cac nguyén tic xdy dyng quy trinh 16ng ghép két qua giam sat BDKH vao chuong trinh,
quy hoach, ké hoach dat ra bao gom: (1) tuén thu quy trinh xay dung chién lugc, quy hoach,
ké hoach theo phap luat vé quy hoach; (2) tuan thu ndi dung, ddi tuong 16ng ghép theo quy
dinh cua Luat Khi twong thiy van, Luat bao vé moi truong; (4) don gian, phu hop voi quy
trinh 16ng ghép tng pho voi BDKH, khong phat sinh thu tuc; (5) dam bao tinh khoa hoc, ké
thira kinh nghiém long ghép theo hudng dan cua céc to chie qudc té. Tir cac nguyén tac dat
ra nay, nghién ciru da tién hanh xdy dung quy trinh ‘qua hai bude: Budce 1- thu thap thong tin,
tai liéu gom cac cong trinh nghién ciru khoa hoc vé tac dong cia BDKH, 16ng ghép BDKH,
quy dinh cua phap luat vé xay dung chién lugce, quy hoach, ké hoach, quy dinh cua phap luat
vé 16ng ghép BDKH; budc 2 - phéan tich mdi quan hé gitra noi dung 16ng ghép két qua giam
sat BDKH va cac budc xay dung chién luoc, quy hoach, ké hoach, xay dung khung ma tran
quy trinh cac budc 10ng ghép va chi tiéu thuc hién can dam bao, tién hanh thir nghiém va
hiéu chinh quy trinh (hinh 1).
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Hinh 1. So d6 xay dung quy trinh 16ng ghép két qua giam sat BDKH vao chuong trinh, quy hoach,
ké hoach (CQK).

2.4. Phirong phdp ma trdn quan hé phuc vu xdy dung quy trinh long ghép

Agrawal, Lemos, Reid va Huq quan niém BDKH gay rui ro cho nhiéu linh vyc phat trién,
do d6 khong thé giai quyét van dé bang cach dat né vao mot noi riéng biét [20], thay vao d6
can uu tién 16ng ghép hodc tich hop. Khi xem xet theo khia canh rui ro, theo cac tac gia, co
mbi quan h¢ hai chiéu gitta rui ro khi hau va quy hoach, ké hoach phat trién, tirc 1a rui ro khi
hau c6 thé anh huong dén quy hoach, ké hoach, dic biét 1a muc tiéu dit ra va nguoc lai, quy

Giam thiéu BDKH
théng qua giam phat
GIAM SAT BIEN DOI KHi HAU thai khi nha kinh
Bién déi khi hau Tac dong > Tén thwong > ('ng phé véi BDKH > T“'°gﬁ“’£3 yor
l v A 4
Dién bién hién tai s aarE o Danh gid tinh dé b Xay dyng gidi phap Thay déi dé thich
va dw tinh BDKH Tac dong cua BOKH tén thwong cua doi ng phé dé giam tinh nay Qo
s den linh vuc R dé bi h wng voi BDKH
trong twong lai twong chiu tac déng é bi ton thwong

A

Giai phap thue hién
» nham dat dwoc muc
tiéu, chi tiéu datra

Muc tiéu, chi tiéu cla Quan diém, dinh hwong
cak i cua CQK

XAY DUNG CHIEN LU'Q'C, QUY HOACH, KE HOACH (CQK)

...........................................................................................................................................................................

Hinh 2. So d0 quan hé¢ giita két qua giam sat BDKH va xdy dung chién lugc, quy hoach, ké hoach (CQK).
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hoach, ké hoach phat trién ¢ thé 1am gia ting mirc do rui ro khi hau néu khong xem xét dén
thong tin vé BDKH. Két qua giam sat BDKH chinh 14 théng tin dau vao dé danh gia mirc do
rii ro cua cac ddi twong xay dung chién luge, quy hoach, ké hoach. Nghién ctru [21] chi ra
rang, BDKH can duoc xem xét ngay trong giai doan dau cua qua trinh thiét ké va 1ap ké
hoach xay dung.

Dic diém cua chién luge, quy hoach, ké hoach ¢ nuéce ta thudng bao gdm 03 ndi dung
chinh 1a (1) Muyc tiéu, chi ti€u, (2) Quan diém, dinh hudng, (3) Giai phap thyc hién, v6i quan
diém thong tin vé két qua giam sat BDKH 1a dau vao, voi mdi quan hé xuyén subt (hinh 2).
Quy trinh 16ng ghép duoc xay dung theo phuwong phap ma trdn quan hé, trong d6 hang doc
cua ma tran dugc xac dinh quy trinh xay dung chién luoc, quy hoach, ké hoach, hang ngang
ctia ma tran 13 cac nodi dung, yéu cau, chi tidu 1ong ghép két qua giam sat BDKH theo diing
quy dinh cta phap luat hién hanh (Hinh 3). Theo mdi quan hé budc tht Yi c¢6 thé duoc thuc
hién 16ng ghép vao nhidu bude Xi, Xj...Xn, chi tiéu dit ra Zila tong hop yéu cu xéac thuc
16ng ghép cua hoat dong Xj;Yi

Y: Zi

Hinh 3. M6 hinh ma tran quan hé trong xay dung quy trinh 1dng ghép két qua giam sat BDKH vao
chién luoc, quy hoach, ké hoach.

2.5. Phirong phdp ké thira

K& tir khi van dé 10ng ghép hay tich hop cac van d¢ BDKH duoc quan tim, c¢6 kha nhiéu
quy trinh huéng dan tich hop, vi du nhu UNFCCC da dua ra 05 budc quy trinh [22], UNDP
dua ra 7 budce [23], UNDP dua ra 6 budc [24], ASAID dua ra 6 bude [25], CARE la 07 bude
[26]. M6i nhét hién nay, la quy trinh 10ng ghép noi ~dung ung pho voi BDKH gdm 05 budc
quy dinh tai Thong tu s6 06/2023/TT-BTNMT. Dé xiy dung quy trinh 1ong ghép két qua
giam sat BDKH, nghién ciru da tim hiéu, ké thira cac phuong phép, quy trinh 1dng ghép tir
cac huéng dan néu trén.

3. Két qua va thao luin

3.1. Quy trinh long ghép két qua gidm sat BPKH vao chién lwoc, quy hoach, ké hoach

Theo quy dinh tai Diéu 16 Luat Quy hoach nam 2017 [27], quy trinh xay dung quy hoach
dugc thyuc hién qua 06 budc, xét moi quan hé voi ndi dung, yéu cau 16ng ghép ket qua giam
sat BDKH tai Diéu 37 Luat Khi tuong thuy van nam 2015, nhom tac gia dé xuat quy trinh
16ng ghép két qua giam sat BDKH vao chién luge, quy hoach, ké hoach trong Bang 1.

Bang 1. Quy trinh 16ng ghép két qua gidm sat BDKH vao chién lugce, quy hoach, ké hoach.

Buéc xiy dung chién

hwoc, quy hoach, Ké Bu’0'c. lf)ng ghep két qua No¢i dung long ghép theo Chi tiéu }hu’c ”hl@ll can
hoach giam sat BDKH quy dinh dam bao
Buéc 1: Xy dyng thuyét Buwée 1: Dé xudt yéu cAu Su dung thong tin, dit lisu Noi dung 1dng ghép két qua

minh nhiém vy, trinh phé
duyét va lya chon tu van

16ng ghép két qua giam sat
BDKH trong thuyét minh
nhiém vy

khi tuong thiy van, giam sat
bién doi kh‘i hau trong viéc
danh gia diéu kién ty nhién,

giam sat BPKH duge dé
cdp dén va cam ket trién
khai 1ong ghép trong qua
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Budc xay dung chiép
lwge, quy hoach, ke
hoach

Budc 1ong ghép két qua
giam sat BDKH

Ndi dung 16ng ghép theo
quy dinh

Chi tiéu thye hi¢n cin
dam bao

moéi trudng lién quan dén
chién lugc, quy hoach, ké
hoach

trinh xay dung chién lugc,
quy hoach, kér hoach trong
nodi dung thuyét minh.

Buée 2: Xay dung chién
luogc, quy hoach, ké hoach
thong qua hoat dong phan
tich, danh gid, dy bao vé
cac yeu t6, diéu kién,
ngudn luc, bdi canh phat
trién;

Bude 3: D& xuit cic quan
diém chi dao va muc tiéu,
cac dinh hudng, giai phap
thuc hién

Buwéce 4: Du thég chién
lugc, quy hoach, ké hoach

Buwéc 5: Tham vén céc bén
lién quan v& chién luoc,
quy hoach, ké hoach

Bwdéce 6: Chinh stra, hoan
thién va trinh ban hanh

Buge 2: Thu thap thong tin
ve ket qua giam sat BDKH

Bude 3: Xac dinh muc tiéu,
quan diém, dinh huéng, giai
phap phu hop trong bdi canh
BDKH trén co sé st dung
két qua giam sat BDKH dé
danh gid tac dong cua
BBKH

Budce 4: Xac dinh cac chi
tiéu cia chién luge, quy
hoach, ké hoach phu hop
trén co s& cac gidi phap ung
phé voi BDPKH

Buwéc S: Panh gid su phu
hop, tuan thu quy dinh cua
viéc 16ng ghép két qua gidm
sat BbKH

Str dung thong tin, di li¢u
khi twong thiy van, giam sat
bién dbi khi hau trong viéc
dénh gi4 didu kién ty nhién,
moi trudng

St dung két qua phan tich,
danh gia nhitng biéu hién
ctia bién ddi khi hau va tac
dong cua bién ddi khi hau
dén thién tai, tai nguyén, moi
truong, hé sinh thai, diéu
kién sdng, hoat dong kinh té
- x4 hoi va cac van dé lién
nganh, lién vung, lién linh
vuc nhim xac dinh cdc muc
tiéu 1au dai cua chién luoc,
quy hoach, ké hoach

Str dung két qua phan tich,
dénh gia cac gidi phap Gng
pho véi bién dbi khi héu
trong viéc xac dinh cac chi
tiéu kinh té - xa hoi clia chién
lugc, quy hoach, ké hoach.

thim dinh 16ng ghép két qua
gidm sat bién d6i khi hau vao
chién luoc, quy hoach, Kké
hoach

Thong tin dit lidu vé giam
sat BDKH dugc thu thap tir
ngudn s lidu chinh thong.
Thong tin dir lidu vé giam
sat BDKH su dung duoc
cép nhap mai nhét.

Muc tiéu, quan dém, dinh
hudng va gidi phap thuc
hién d& xuat trong chién
lwgc, quy hoach, ké hoach
¢6 can nhéc dén vén dé rui
ro, tinh d& bi tén thuwong do
BBKH

Céc chi tiéu cta chién luoc,
quy hoach, ké hoach dit ra
da duoc xem xét dén cac
gidi phap thich tng vdi
BDKH.

C6 tinh toan dén giam thiéu
BDKH thong qua giam
phat thai khi nha kinh (néu
cd)

Noi dung 1dng ghép két qua
giam sat BDKH dugc liy ¥
kién ciia co quan chuyén
mon, co quan quan ly co s&
dir liu giam sat BDKH

3.2. Thit nghiém quy trinh long ghép két qua giam sat BDKH vao ké hoach trién khai quy
hoach mang ludi tram khi twong thiy vin quéc gia giai doan 2021-2030, tam nhin 2050

Ngay 24/3/2021, Thu tuéng Chinh phu da ky Quyét dinh SQ 433/QDb-TTg phé duyét

Nhiém vu 1ap Quy hoach mang luéi tram khi tugng thiy van quoc gia thoi ky 2021-2030,
tam nhin dén nam 2050, thuc hién nhiém vy, Bo Tai nguyén va Moi truong da giao Téng cuc
Khi twong Thily vin to chirc trién khai lap quy hoach trén, dén thoi diém hién tai, quy hoach
dang trong giai doan trinh Thu tuéng Chinh phu phé duyét. Sau khi Quy hoach dugc phé
duyét, B Tai nguyén va Moi truong s€ xay dung ké hoach trién khai thuc hién quy hoach
nay, két qua giam sat BDKH dugc thir nghiém 10ng ghép vao ké hoach nay nhu sau:

Budc 1: Dé xuit ndi dung 16ng ghép két qua giam sat BDKH vao ké hoach

Theo Quyét dinh sé 433/QD-TTg, muc tiéu cua quy hoach dit ra la nang céap, hién dai
hoa, tang cuong mat do tram theo timg giai doan, trong d6 dat ra yéu cau vé muc tiéu: “Mang
ludi tram khi tugng thiy van quoc gia bdo dam tinh hi¢n dai, tu dong, c6 mat do ngang bang
vOi cac nudce phat trién Dbong Nam A, Chau A, thé gi6i qua cac giai doan”, “Uu tién phat
trién mai cac tram quan trac khi tuong thuy vén tai cac vung c6 nguy co cao xdy ra cac loai
hinh thién tai nguy hiém con tréng sb lidu, vung chiu tac dong manh do bién d6i khi hau va
nudce bién dang”. Dé chi tiét hoa myc tiéu nay, ké hoach trién khai thyc hién quy hoach mang
ludi tram khi tugng thity van qudc gia phai xét dén 16ng ghép két qua giam sat BDKH. Thong
tin tir két qua giam sat BDKH s& xac dinh dugc khu vuc wu tién trién khai xay dyng céc tram
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quan tric, cac tac dong cia BPKH t6i mang ludi tram quan tric s& 1a co so dé dé xuét cac
giai phap quan tric, truyén tin.

Budc 2: Thu thap thong tin vé két qua giam sat BDKH

Quy hoach mang lu6i tram quan tric khi trong thuy vin dugce trién khai trén pham vi ca
nudc, cic thong tin, dir liéu giam sat BDKH duoc thu thap phuc vu 10ng ghép bao gdm kich
ban BDKH niam 2020 véi két qua tinh toan kich ban chi tiét cho timg tinh, timg khu vuc; Bao
cao danh gia khi hau qudc gia nim 2021, dit liéu thién tai khi twong thity vin nhu: béo tir
2011-2021, mua lon tir 2007-2021, nhiét do cuc tri tir 2007-2021, gié manh trén bién, song
16n, triéu cuong va nudc dang do bio dugc thu thap tir cic nghién clru trude cua DS Pinh
Chién (2016), Nguyen Van Huong (2017), cac ban dd phan ving rui ro han han, xAm nhap
man, i quét, sat 16 dat tir cac dé tai, du an do cac ca nhan, don vi tryc thugc Bo Tai nguyén
va Mbi trudng thuc hién. Két qua thu thap thong tin, dit liéu va phan ving rai ro mot sé loai
hinh thién tai cu thé trong cac hinh dudi day.

a) Phdn vung rii ro thién tai do bdo, ap thdp nhiét déi, miea I6n

Theo két qua phan vung rui ro cho thiy, cac khu vuc Trung du mién ndi phia Bic, Dong
bang song Hong, Bic Trung B9 va duyén hai Mién Trung, khu vuc ven bién va hai dao thudc
khu vuc Dong Bic, Trung Trung By, Nam Trung B¢ 1a nhung khu vuc ¢6 rti ro do ap thap
nhiét d4i, bio cao, toan bd khu vuc phia bac va Trung Trung Bo ¢6 rdi ro cao do mua 16n
(Hinh 4a-4b). Déy la thong tin lam co s¢ dé xéac dinh cac muc tiéu cy thé ting cuong mat do
tram quan trac cho cac khu vuc nay sau khi két hop véi danh gia hién trang mang ludi tram.

PHAN VUNG HIEN TRANG RUI RO THIEN TAI DO BAO PHAN VUNG HIEN TRANG RUI RO THIEN TAI DO MUA LGN

~ -

QB Hoang Sa Q'D Hoﬁng Sa -
N
Bién Péng 1 1 i
. . ) .7' .;i Bién DPéng
%, %
QD TrwomgSa . . QD.TrwomgSa .°

i i D an: X8y aung no INEng cng cu hS 110 8Y baG thibn tal KTTV -
Tl Lk1:500.000 i e e ot oo anin i v o soun30r630rs 71 LE 1:500.000

Hinh 4. Phan viing rui ro thién tai do b&o, &p thip nhiét doi, mua 16n ti 1é 1:500.000 (ngudn: Béo céo tong
hop quy hoach mang ludi khi twong thay van quéc gia).

b) Phdn viing riii ro thién tai do lii quét, sat 16 dat

Khu vuc nién nai phia Bic, phia Bic cua Bic Trung B9, mot phén ctua khu vuc Trung
Trung Bo va Tay Nguyén la nhitng khu vire ¢6 nguy co cao xay ra 1i quét, sat 16 dat (Hinh
5), cac khu vurc ndy sé& tap trung phét trién mang ludi quan tric, canh bio mua ty dong.

¢) Phan vung rui ro thién tai do thuy van

Céc khu vuc Tay Bic, vung duy hai Bong Bic, phia Nam Bic Trung By, Nam trung B9,
Bic Tay Nguyén 1a nhitng khu vuc ¢6 rii ro thién tai cao do lii (Hinh 6).

d) Phdn viing riii ro thién tai vé hai van

Két qua phan ving rui ro gi6 manh trén bién, (b) séng 16n, (c) gi6 manh trén bién két
hop v6i séng 16m, (d) triéu cuong, (¢) nudce dang do bao va (1) triéu cuong két hop véi nude
dang do b&o cho thiy, khu virc bién phia Nam trung B6 13 khu vuc ¢6 rui ro gié manh song
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16n cao, khu vuc vinh Bac B9, Nam B¢ rui ro do nuéc dang do bao va khu vuc ven bién Nam
B0 c6 rti ro do triéu cuong cao (Hinh 7). Dy la nhitng khu vuc wu tién dé trién khai mang
ludi quan trac hai van trong ké hoach.
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Hinh 5. Phan viing rii ro thién tai 1i quét, sat 16 dat (Ngudn: NCHMF).

BAN DO PHAN VENG MO DUN DINH LD e
CACTINH BACBO TALNG QU8C ;
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BAN DO PHAN VONG MO DUN DENH LT CAC TINH KHE VU TAY NGUYPN
el —r —

RAN B0 21 AN VNG MO N nixe e
CAC TINHTO DA NANG DEN RINH THUAN VA TINK BONG N AL

Hinh 6. Ban d6 phan viing hién trang rui ro thién tai theo dinh Iii ti 1& 1:500.000 (Ngudn: Béo céo tong
hop quy hoach mang luéi khi tugng thuy van quéc gia).

Ban d6 phan viing hign trang ril ro thién tai do gi6 manh (mis] trén bién

Hinh 7. Ban d6 phan vung hién trang rui ro thién tai hdi van: (a) Gi6 manh trén bién, (b) Séng 16m,
(c) Gi6 manh trén bién két hop véi song 16m, (d) Triéu cuong. (Nguon DS Dinh Chién, Nguyén

Van Huong).
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Hinh 7. Ban d6 phan vang hién trang rui ro thién tai hai van: (e) Nudc dang do bio va (f) Triéu
cuong két hop voi nude dang do bio ti 1¢ 1:500.000 (Ngudn DS Dinh Chién, Nguyén Vian Hudng).

Budce 3: Xac dinh muc tiéu, quan diém, dinh huong, giéi phap phu hop trong bdi canh
BBKH trén co s¢ str dung két qua giam sat BDKH dé danh gia tac dong cua BDKH

Phan bd mat d6 tram quan trac trén pham vi toan qudc c6 vai trd quan trong trong cong
tac theo doi, du bdo, canh bao thién tai, danh gia va giam sat BDKH. Viéc lya chon mang
tram t6i wu dép Gmg duogc cac tiéu chi giam sat BDKH. Do cac yéu cau nghiém ngat vé su 6n
dinh ctia hanh lang k¥ thuat, chat luong ctia chudi s6 lidu quan tric (lién tuc, dai, c6 chat
lugng cao). Vi vay, khong thé sir dung tat ca cac tram trén mang ludi thue hién gidm sat
BPKH va giam sat muc nudc bién dang, ma chi chon mot sé tram du tiéu chuan dai dién cho
cac tram xung quanh trong ting tiéu vung khi hau.

Muc tiéu ctia mang lu6i 1a cung cap s6 liéu quan trac dong nhat vé nhiét do, luong mura,
muc nudc, myc nude bién tir cac tram chudn c6 thé phat hién va ghi nhén sy thay d6i khi hau.
Céc tram dugc Iya chon phai dap tmg cac diéu kién vé tinh dai dién cho vung khi hau; dam bao
chét luong va d6 dai s6 liéu va it bi anh hudng bdi hoat dong con nguoi. Vi vay, mat do phan
bd tram trén ca nude duge xac dinh dua trén cac xu thé BPKH tai tung khu vuc dé xay dung
va quy hoach nham dap tmg dugc nhu cau do dac, cung cap thong tin hidu qua nhat,

BDKH c6 tac dong bat loi dén hanh lang k¥ thuat cong trinh khi trong thuy vin, ha ting,
co s vat chat ki thuat, mua nhiéu kém theo gid, bio hodc nang gt nhiét do tang cao ciing
lam cho vat liéu kién triic nhanh xudng cp, hu hong anh hudng dén hé thong mang ludi tram
quan tric Theo TCVN 12635-1:2019 vuon khi tugng phai chon noi khong bi ngap ung khi
mua 16n hodc 1a lich sur; khong nim trong quy hoach phat trién kinh té cua dia phuong; hoat
dong on dinh lau dai (thoi gian hoat dong t6i thiéu 30 nam doi voi cong trinh thuoc mang
lu6i quan tric qudc gia). Vuon khi tugng cach duong giao thong, hd ao, song ngoi, ngudn
nhiét, khu cong nghiép, nha may t6i thiéu 100 m tinh tir tim vuon quan trac khi tugng bé
mit. Tuy nhién truéc dién bién cia BPKH d6i voi timg khu vuc cho thay. O cac ving Béc
Trung Bo Tay Nguyén, Nam B9, Nam Trung Bd c6 xu thé tang 1-4%/thap ky. Dac biét 1a tai
khu vire Nam Trung Bo lugng mua c6 xu thé tang 13,48%/ 1 thap ky. Luong mua ting vao
cac mua dan dén xuét hién hién tuong ngdp ung, din bién 1ii tai Nam B9, Tay Nguyén, Bic
Trung B c6 dién bién ting 1én trong 15 nim qua.

Trén co s& thong tin vé phan viing riii ro thién tai, nhing tic dong cia BDKH dén mang
ludi tram quan trac KTTV, muc dich, yéu cau chi dao, hién trang mang ludi quan tric muc
tiéu ctia ké hoach s& duoc dé xuit cu thé véi noi dung bao g(‘Sm: Mat do ddi véi tung loai
tram wu tién trién khai xay dung tai khu vuc rai ro thién tai cao, chiu taic dong manh cua
BDKH; nang cép, hién dai hoa, nang cao nang lyc quan tric tu dong.
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Budc 4: Xac dinh cac chi tiéu ciia ké hoach phii hop trén co s cac giai phap tng phé
v6i BbKH

Theo WMO, thiét bj quan tric khi twong thiy vin c¢6 d6 nhay cam véi méi trudng
(exposure of instruments) [28], trong trudng hop khong quan tAm dén do nhay cam cua thiét
bj ¢ thé dan t6i viéc lwa chon thiét bi khong phu hop, viéc giam d nhay cam cia thiét b
cling c6 thé duoc thuc hién théng qua cac giai phap cong trinh pht hop gitp cho thiét bi hoat
dong 6n dinh, 1au dai. Vi du, thiét bi quan tric myc nudce theo cong nghé tiép xuc c6 do nhay

QD. Hopang Sa QP. Hoang Sa
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Bién Péng

QB Hoing Sa

Bién Péng

QD. Truimg Sa

QD.Truong Sa
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(e) | - s ) -

Hinh 8. Ban d6 dinh hudng phat trién tram quan tric khi tuong thiy van giai doan 2021-2030, tam nhin
2050 ti 1& 1:50.0000: (a) Dinh huéng phat trién tram KTBM; (b) Dinh hudng phat trién tram KT co ban;
(c) Pinh huéng phat trién diém do mura; (d) Pinh hudng phat trién tram radar thoi tiét; (€) Dinh hudéng
phét trién tram thiy van; (f) Binh huéng phat trién tram hai van. (Ngudn Béo céo tong hop quy hoach
mang ludi khi tuong thay van qudc gia).
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cam cao d6i v6i khu vuc thuong xuyén bi boi léng bun cat, d§ nhay cam cé thé duoc giam
xubng néu c6 giai phap cong trinh lap dit phu hop, ngin can su tic dong ctia bun cat t6i thiét
bi. DBi véi tac dong cia BDKH t6i mang ludi quan tric khi twong thiy vin duoc néu & trén,
cac giai phap ung pho co thé ké dén cac ndi dung nhu tuan th nghiém cac tiéu chuén, quy
chuan vé xay dung cong trinh tram, tmg dung cac cong ngh¢ quan tric, truyén tin méi trong
moi diéu kién thoi tiét, thién tai. Chi tiéu cta ké hoach c6 thé duge dit ra vi du nhu dén nim
2030, mang ludi quan trac khi tugng thuy van dugc ty dong hoa 1€n tdi 80%, tuy nhién, dé
con s6 ty dong hoa dat hiéu qua phai c6 cac giai phap tng pho (thich tng) hay chinh 1 giam
d6 nhay cam cua thiét bi trong diéu kién moi trudng thay d6i do BDKH.

Sau khi xac dinh phén vung rui ro thién tai trén co s¢ thong tin, dir liéu vé két qua giam
sat BDKH, ban do dinh hudng phat trién mang ludi quan tric Kkhi tuong thiy van quoc gia
giai doan 2021-2030 tam nhin dén 2050 dugc thanh 1ap. Mot s6 vi du vé ban dd dinh huong
phat trién cho tir loai tram tai Hinh 8.

Budc 5: Panh gia sy phu hop, tudn tht quy dinh cua viée 1ong ghép két qua giam sat
BDBKH

Trén co s¢ muyc tiéu dat ra cua Quy hoach mang luéi khi tuong thuy van qudc gia, ké
hoach trién khai quy hoach dugc xdy dung trén nguyén tac bam sat muc tiéu, yéu cau, giai
phap, chi dao ciia quy hoach, viéc 16ng ghép két qua giam sat BDKH dugc thyc hién theo
dung noi dung quy dinh tai Diéu 37 ciia Luat Khi tuong thiy van 2015, két qua danh gia
thong qua viéc xac thyc cac chi tiéu can dam bao trong quy trinh 10ng ghép dugc dé xuét &
ndi dung nghién ctu trén.

4. Két luén

Trén co so cac quy dinh cua phap luat vé 16ng ghép két qua giam sat BDKH vao chién
lugc, quy hoach, ké hoach, qua phan tich co s& khoa hoc, thuc tién va kinh nghiém, huéng
dan 16ng ghép BDKH di dugc cong bd trong va ngoai nude, nghién ctru da xay dung va dé
xuat dugc 01 quy trinh 16ng ghép két qua gidm sat BDKH vao chién luoc, quy hoach, ké
hoach gém 05 budc thyuc hién, trong d6 thong tin, dit liéu qua giam sat BDKH duoc 10ng
ghép tai budc 2 va bude 3 ciia quy trinh. Ngoai ndi dung yéu cau 10ng ghép, quy trinh con
dit ra cac chi tiéu thyc hién cin dam bao trong qua trinh 16ng ghép. Nghién ctru ciing da tién
hanh thtr nghiém vao ké hoach trién khai thuc hién quy hoach mang lu6i tram khi twong thuy
van qudc gia giai doan 2021-2030, tam nhin dén 2050, két qua da sir dung thong tin, dit liéu
giam sat BbKH dé phan tich, lya chon khu vuc uu tién trién khai tram quan trac khi tuong
thuy van cho khu vuc rui ro thién tai, chiu tac dong cia BDKH. Tuy nhién, dé ap dung quy
trinh vao chién lugc, quy hoach, ké hoach cac nganh, linh vuc khéc can phai co6 su danh gia,
nhan xét ctia cac cép, cac nganh, cac co quan, td chire khoa hoc trude khi ap dung vao thuc
tién. Nghién ctru van con han ché khi chwa tinh dén giai phap tich hop vao quy trinh long
ghép ung pho voi BDKH da dugc ban hanh.

DPong gop cua tac gia: Xay dung ¥ tuong nghién ctru: N.T.L., N.N.D.; Xt 1y s6 liéu: V.N.L.,
B.D.S.; Viét ban thao bai bao: V.N.L.; Chinh stra bai bao: N.T.L.

Loi cam on: Bai bao hoan thanh nho vao két qua cﬁa‘Dé tai nguyén ctru khoa hoc, cong
nghé cap B: “Nghién ctru co sé 1y luan va thuc tien dé xuat hoan thién ché dinh gidm st
BDKH phuc vu stra 61, bo sung Luat Khi tugng thuy van ndm 20157, Ma s6 TNMT.01.28.
Loi cam doan: Tap thé tac gia cam doan bai bdo nay 1 cong trinh nghién ctru ciia tap thé
tac gia, chua dugc cong bo ¢ déu, khong duge sao chép tir nhiing nghién ctru trude day;
khong c6 sy tranh chap loi ich trong nhoém tac gia.
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Abstract: In parallel with the regulations on integrating the content of response to climate
change according to the law on environmental protection, the results of climate change
monitoring have also been required by the 2015 Law on Hydrometeorology to be integrated.
integrated into strategies, planning, and plans. To comply with the law and ensure the
effectiveness of integrating climate change issues, it is necessary to develop implementation
guidance procedures. This study used the method of determining the relationship between
climate change monitoring results and strategic, planning and planning processes, and at the
same time referring to and inheriting related research results, the author team has Proposing
a 5-step process for integrating climate change monitoring results into strategies, planning,
and experimental applications into the implementation plan for the national
hydrometeorological station network for the period 2021-2030, vision to 2050. Testing
results show that the process can effectively support the development of a network
development plan to ensure the correct goals and requirements of the planning.

Keywords: Climate change monitoring; Integration procedure; Integration of climate
change monitoring results.
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Tém tit: Chic nang ngudn nudc va viéc phan ving chirc ning ngubn nudc dugc xac dinh
trong quy hoach tong hop luu vuc song, quy hoach tinh 1am co s dé thyc hién cac bién phap
quan ly, bao v€ ngudén nude. Viée nghién ctru phan ving chirc nang nguon nude chi yéu dua
theo muc dich sir dung nudc, chua xem xét dén gid tri loi ich kinh té va bao v€ moi truong.
Bai bao str dung phuong phap phéan tich thr bac AHP dé lua chon b tiéu chi tbi uu xdc dinh
dugc chire nang ngudn nuée, muc dich str dung nudce dya trén gia tri loi ich kinh té va bao vé
moi trudng nude mit, ap dung cho luu vuc song Pong Nai. S6 liéu vé khi tugng thity van,
chat lwong nudc va hién trang khai thac st dung nuée mat trén Iuu vue duge cap nhat dén
nam 2022. Ket qua xac dinh dugc cac chirc nang: Cip nudc cho sinh hoat; Cap nudc cho
thuy dién; cap nudc cho san xuét cong nghiép; cap nudce cho du lich, dich vu; cap nudc cho
san xuat néng nghiép, giao thong thuy va cac muc dich khac cua 122 doan song, sudi trén
Ivu vuc séng Dong Nai.

T khéa: Chirc nang nguén nudc; AHP; Luu vuc song Béng Nai.

1. M& dau

Viéc nghién ctru phan viing chire ning ngudn nude phuc vu quy hoach téng hop luu vuc
song, quy hoach tinh 1am co s& dé thyc hién cac bién phap quan 1y, bao vé ngudn nudc dang
dugc quan tam, dic biét ddi véi cac luu vyc song lién tinh, trong d6 c6 luu vuc song Pong
Nai. Phan viing chirc niang cung cap nudc ciia doan séng duoc xac dinh dya trén viéc phan
vling chat lugng nudc song theo muc dich sir dung. Phan ving chat luwong nude song theo
muc dich sir dung 1a viéc phén chia song thanh cac doan theo gia tri vé chat luong nuéc theo
dic thu riéng ctia mdi doan song nham khai thac, s dung va bao vé mét cach c6 hiéu qua.
Theo nghién ctru cua [1] thi tong gié tri kinh té ctia nuwéc bao gom gia tri sir dung nudc tryc
tiép (co tiéu thu va khong c6 tiéu thu) cong véi gia tri sir dung gian tiép cong voi gia tri co hoi
va gia tri phi st dung. CaC nghién ctru [1-4] xé4c dinh tong gi tri kinh té tir cac nganh khai
thac str dung nudc bao gom nong nghiép, thuy san, sinh hoat, cong nghiép, thuy dién, du lich
dé xac dinh gia tri kinh té cia nuéc 1a ham muyc tiéu chinh, khai thac sir dung nudc cho moi
truong, du lich 1a ham muc ti€u rang budc. Nghién ctru [1] chi ra gié tri cua nudc dugce chia
thanh ba nhom nhu sau: (1) Thi trudng nudce hodc cac loi ich c6 lién quan dén nudc; (2) Coi
nude 1 hang hoa (san xuat) trung gian; (3) Coi nudc 1a hang héa (tiéu dung) cudi cung, duge
str dung truc tiép boi nguoi sir dung.

Céc nghién ctru gid tri cua nudc tir nhu cdu nude cb thé ké dén nhu sau: coi nudc st dung
cho trong trot 13 hang hoa san xuét trung gian [1, 5-8]; bao gdm gia trj kinh té va gia tri noi tai
gém loi nhudn thye tir viée st dung nudce hoi quy; loi nhuan thyuc tr viée st dung nudce gidn
Tap chi Khi twong Thiiy vin 2023, 755, 88-99; doi:10.36335/VNJHM.2023(755).88-99 http://tapchikttv.vn/



Tap chi Khi twong Thity van 2023, 755, 88-99; doi:10.36335/VNJHM.2023(755).88-99 89

tiép [9]; gi tri ctia nuéc phu thude vao ngudi sir dung va cach sir dung, c6 tiéu hao va khong
cd tiéu hao [10]; gia tri sir dung nudc cho thuy dién dugc tinh trén chi phi/gia ban dién cho
mdi kwh [3]; gié tri sir dung nuée cho sinh hoat la hang hoa tiéu ding [8, 9]; gia tri sir dung
nuéc cho cong nghiép dura vao gid tri san pham cong nghiép [9].

Chi phi co hdi cua nude duge s dung dam bao duy tri sy séng cua dong song chinh 1a
bang loi ich dong song dem lai bao gom loi ich chdng lai sy xdm nhap min cua dong song,
chéng lai 6 nhiém, dem lai mua mang cho vung ha du, loi ich dem lai do dam bdo nu6c cap
cho sinh hoat, cdng nghiép, chdng bdi ling xoi 16 va suy thoai caa long sdng, cira song, duy
tri cac hoat dong giao thong thuy trén séng. Cac chi phi méi trudng bao gém chi phi xu 1y
nudc, chi phi ngan man, va mot s6 chi phi khac. Cac chi phi nay rét 16n néu khong dam bao
dong chay moi truong. Gia tri ciia nude stir dung trong moi trudng sinh thai dugc tinh dya trén
trung binh cua gia tri rong tang thém trén mdi don vi nudc. Gid tri nay 13 tong gia tri rong clia
san pham trén kh01 lugng nude ngot str dung cho mdi truong sinh thai. Nghién ctru cua [12]
st dung cac chi s chat luong nudc dé phan loai va phan ving chtrc ning ngudn nudc ciia
song Ganga.

Céc nghién ctru trong nudc lién quan dén phan ving chirc nang ngudn nudc cé thé ké dén
nhu nghién ctru [13-14], nghién ctru ndy tép trung phan chire nang ngudn nudc thanh cac
nhom: Chirc nang cung cap nudc: cho nong nghi€p, sinh hoat, thuy san, phat dién, cong
nghiép; Chirc nang dicu hoa: Diéu tiét dong chay, tiéu thoat nudc, tiép nhan nudc thai; Chirc
nang véan hoa - xa hoi: Giai tri, du lich, tao mo6i truong canh quan; Chire nang hd trg sinh thai:
Cung cip ngudn dinh dudng, phu sa, phuc hdi sinh thai, cung cip noi cu tra va sinh san cho
cac loai thity sinh. Tuy nhién, viéc nghién ctru phan viing chtrc niang ngudn nudc, muc dich sir
dung nudc dya trén loi ich kinh té va moi trudng chua duoc dé cap trong nghién ciru nay.
Nghién ctru cua [15] chu yéu tap trung nghién ctru gia tri cua tai nguyén nudc mat trong phat
trién kinh té - x4 hoi cta Thanh ph HO Chi Minh, luong gia kinh té d6i v6i str dung nuée cho
sinh hoat, c6ng nghiép, dich vu, tudi, giao thong van tai thuy va canh quan méi truong, lam
co s6 cho viéc phan bo tai nguyén nudc. Nghién ctru cia [16] thiét 1ap mo hinh thay van -
kinh té phan b6 nue ti wu luu vuc song Ba.

Hién nay cac nghién ctru xac dinh chirc ning ciing nhu phan viing chirc nang ngudn nuéc
chu yéu dua trén phan doan song va hién trang cling nhu muc dich st dung nudc ma chua
xem xét két hop ca vé gia tri loi ich kinh té va bao vé méi truong ciia doan song, chura xem xét
dén gia tri kinh té ctia nuéc thay doi tiy theo ddi tuong, thoi gian va vi tri st dung nude.
Ngoai ra, mot ) giai phap dé xuét con dinh tinh ma chwa duoc dinh luong, khién cho cac nha
quan 1y kho ra quyét dinh phut hop. Thong tin vé gia trj kinh té ctia nudc c6 thé s& rat hiru ich
cho viéc ra quyét dinh lién quan dén nhiéu khia canh ctia chinh sach nudc, vi du, dé danh gia
tinh hiéu qua trong viéc phat trién va phan bo tai nguyén nuge. Nhu vay viée nghién ciru phan
vung chirc nang ngudn nude, myc dich st dung nudc dya can phai dua trén gia tri lot ich kinh
té va bao vé moi truong nudc mat. Do d6 can su dung cong ngh¢ hién dai, tién tién trong phan
viing chitc ning ngudn nude, d6 13 st dung mé hinh thuy vin - kinh té - méi trudng véi quan
diém trong tim coi nude co gia tri kinh té ddc biét phu hop trong bdi canh ngudn nude ngiy
cang tré nén can kiét va khan hiém.

Diém méi trong nghién ctru 1a da ung dung thanh cong mo hinh phan tich thir bac AHP
dé lya chon bo tiéu chi tdi vu xac dinh dugc chic nang ngudn nude, muc dich st dung nudc
dua trén gia tri loi ich kinh té va bao vé moi truong nudc mat ddi véi tung loai churc nang
ngudn nude, theo myc dich sir dung nude, bao vé moi trudng dé tich hop cac ban dd, tir do
xay dung dugc ban dd phén vung chirc nang ngudn nude. Bo tiéu chi dugc xay dung 1a co s&
phuc vu tot, mang tinh chét dinh hudng cho cong tac quy hoach tai nguyén nudc, ap dung thu
nghiém cho luu vire song Pong Nai, 12 mot trong nhitng ving phat trién kinh té trong diém
cta ca nudc.
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2. Phuwong phap nghién ciru

2.1. Khu vuc nghién ciru

Luu vuc song Béng Nai la mot trong nhiing luu vie séng 16n cua Viét Nam gilr vai tro
quan trong trong phat trién kinh té - xa hoi caa dat nuée (Hinh 1). Séng Dong Nai bit nguén
tir Cao nguyén Liang Biang (Lam Dong) chay qua ving nii cao nguyén dén hd Tri An, sau d6
chay ngang qua thanh phé Bién Hoa, vé thanh phé H6 Chi Minh, dén ngi ba Miii Dén Do va
hop luu voi song Sai Gon.
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Hinh 1. Luu vuc song Dong Nai.

Téng dién tich luu vyc tinh dén cira song 38.600 km?, tong chiéu dai sdng chinh 437 km,
d6 ddc trung binh cta dong song 1a 0,42%. Ha du song Déng Nai - Sai Gon la dia ban phat
trién manh nhét ctia dat nudc véi cac thanh phé 16n: thanh phd H6 Chi Minh, Bién Hoa, Viing
Tau, Thu Dau Mét, 13 noi c6 cang qudc té va ndi dia quan trong, ciing 1a khu vuc phat trién
nén nong nghiép da dang va co tiém nang 16n. Tong luong dong chay phan bd khong déu theo
cac thang trong nam, téng luong dong chay trong 5 thang muia mua (tir thang VII - XI) chiém
t61 76% tong luong dong chay nam, dong chay thang 1on nhét tp trung vao thang X, chiém
20% tong lwong dong chay nam. Trong 7 thang con lai (tur thang XII dén thang VI nim sau)
téng lugng dong chay chi chiém 24% tong luong dong chay nam, thang c6 luong dong chay
nhé nhat thuong xuat hién vao thang III véi tong lugng dong chay chi chiém 1,4 % tong
luong dong chay nam. M6 dun dong chay nidm trung binh thoi ky 1985-2021 bién d6i manh
theo khong gian. Luu vuc phu cin ven bién thudc ha luu song Dong Nai c6 mo dun dong chay
nho nhét, khoang 15-20 I/s.km?. Khu vuc trung luu séng Dong Nai, thuong luu song La Nga
va thuong luu va ving thuong luu song Bé c6 md dun dong chay cao nhat, bién dong tir
45-50 I/s.km?, tai cac khu vuc dién tich nho, mé dun dong chay c6 thé trén 55 1/s.km?. Ving
ha du LVS La Nga, thuong luu song Sai Gon va khu vuc song Pa Nhim la khu vuc ¢c6 mé dun
dong chay trung binh dat tir 25-35 I/s.km?. Téng luong nudc mit cho muc dich khai théc, st
dung cho sinh hoat khoang 4,1 triéu m®/ngay.dém; cho cép nude do thi khoang 3,4 tri¢u
m®/nim; cip nudc cho ndng thon khoang 0,67 triéu m®/ngay.dém; cip nude cho cong nghiép
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khoang 5,4 triéu m®/ngay.dém; cap nude cho nong nghiép khoang 8,7 triéu m®/ngay.dém.
Theo s6 liéu tinh toan ndm 2021 nhu cau sir dung nuéc trén luu vue séng DPong Nai va ving
phu can vao khoang 10.021,71 triéu m®/nam, trong d6 nhu cAu st dung nudce cho chan nuoi 1a
94,53 triéu m® (chiém ty 1é thap nhat, chi 0,94% so v4i tong nhu cau), cho tudi cay trong la
4.990,98 triéu m® (chiém 49,8%), cho cong nghiép 1a 3.529,58 triéu m® (chiém 35,22%), cho
sinh hoat 12 1.027,3 triéu m® (chiém 10,25%) va cho thuy san 1a 379 triéu m® (chiém 3,78%)
[17].

2.2. Phwong phdp va so dé tiép cdn nghién ciru

Phuong phap ké thira, tong hop, phan tich tai liéu: Phuong phap nay duoc thuc hién trén
co s ké thira, phan tich va tong hop cac ngudn tai liéu, tu li€u, s6 liéu thong tin c6 lién quan
mot cach co chon loc, tir 46, danh gia chiing theo yéu cau va ndi dung nghién ctru. Ké thira co
chon loc cac két qua nghién ctru c6 lién quan dén co s khoa hoc va quy trinh phan ving CLN
theo muc dich st dung trong va ngoai nudc.

Phuong phap GIS tich hop v6i m6 hinh SWAT tinh toan phén doan séng phuc vu phan
ving chirc nang ngudn nudc. Mo hinh SWAT dua trén cac ban do s6 vé dia hinh (DEM),
song ngoi, dudng bao luu vue dé tinh toan va chia luu vuc ra thanh cac viing hay cac luu vue
nho (sub-basin). (Pay la cac Iuu vuc cia cadc nhanh song chinh trong luu vuc nghién ctu)
[18].

Vi bo s6 lidu str dung cho md hinh SWAT dugc thong ké trong bang 3, Sau khi nhap
vao sd liéu ban d6 d6 cao sd hoéa DEM, xéc dinh céc thong sb thiy van cta luu vue nhu 1a: do
déc luu vuc, tich liy dong chay, huéng dong chay, mang ludi song... Str dung ban dd sb do
cao (DEM), mang luéi tram thuy van dé chia thanh cac tiéu luu vuc bing cac cong cy cua
Arcgis. Két qua phan chia tiéu luu vuc dé tinh toan xac dinh phan ving chirc niang ngudn
nudce trén luu vuc song Pong Nai 12 122 tiéu luu vuc, cu thé nhu hinh 2.
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Hinh 2. Phén chia tiéu luu vyuc trong md hinh SWAT cho Iuu vic song Dong Nai.
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Phuong phap mé hinh phan tich thr bac AHP dé lwa chon bo tiéu chi tdi uu xdc dinh
duoc chirc ning ngudn nude, muc dich sir dung nude dua trén gia tri loi ich kinh té va bao vé
mdi truong nude mat: Nghién ctru s dung phuong phap phén tich tha bac AHP (Analytic
Hierarchy Process - AHP) dé xac dinh thir tur sap x&p cac chirc nang ngudn nude cho moi tiéu
lwu vure hay mdi doan séong. AHP cung cap cho nguoi ra quyét dinh mdt cach tiép can truc
giac, theo su phan doan thong thudng dé danh gia su quan trong cia mdi thanh phan thong
qua qua trinh so sanh cip. Theo nghién ciru cua [1] phuong phap AHP thi A/B > 1 néu nhan
t6 A quan trong hon nhan t6 B va nguoc lai A/B < 1 khi A kém quan trong hon B. Néu A va
B quan trong nhu nhau thi A/B = 1. Muc d6 quan trong ctia A so voi B cang ting khi ty s6
A/B cang 16n. Nguoc lai, néu ty s A/B cang nho thi mirc 46 quan trong cta A so véi B cang
giam. Nghién ctru [1] dua ra “so sanh cdp thong minh” theo thang ty 1¢ (Bang 1).

Bang 1. Bang so sanh cé@p thong minh cia AHP.

<< Kém quan trong hon Quan trong hon >>
1/9 17 1/5 1/3 1 3 5 7 9
Kémaquan Kémaquan Kémaquan Kém quan Quan Quan Quan Quan Quan
trong hon tronghon tronghon  trong hon trong trong hon tronghon trong hon trong hon
ritnhidu  rat nhiéu nhiéu bang nhau nhiéu ritnhiéu  rat nhiéu
1in 1in

Trén nguyén tac so sanh noi trén, xay dung ma tran cac cdp so sanh. Va tr ma tran nay,
theo Vector nguyén li Eigen tinh dugc mot “tap hop céc trong s6 phul hop nhat”. Tinh toan
trong s6 cho timg nhan t6 J trong tap hop nhan t6 theo phuong phap st dung vector nguyén ly
Eigen bang cach chia timg gia tri trong mdi cot cho tong gid tri trong cot do de thiét 1ap ma
trén, gia tri trung binh trén moi hang cia ma tran chinh la trong s6 cua cac yéu td tac dong co
gia tri tu 0 den 1. Phuong phap “So sanh cdp thong minh” c6 the phan tich 16 qua vi du sau
day (5 yéu t6 véi cac diém tuong tng 1, 3, 5, 7, 9): Cho cac nhan té tac dong phat sinh tai
bién: A, B, C, D, E va x4y dung ma tran so sanh cap thong minh nhu bang 2.

Bang 1. Ma tran so sanh cac yéu to.

Céc nhan tb A1) B(3) C(5) D(7) E(9)
A(1) 1 3 5 7 9
B(3) 1/3 1 1.67 2.33 3
C(5) 1/5 1/3 1 1.4 1.80
D(7) 17 1/5 1/3 1 1.29
E(9) 1/9 17 1/5 1/3 1

Tinh toan vector nguyén ly eigen bang cach chia gia tri cia cot cho tong gia tri cua ti s6
trong cot nay. Két qua duoc ma tran voi gia tri moi nam trong khoang gia tri 0 va 1 khi tong
cua cac gia tri theo cot bang 1. Gia tri trung binh cta dong trong ma tran nay tuong img voi
trong sO cho ti€u chuan do [1]. Dua theo ma tran nay, v6i phuong phap tinh trong so cua
Jones [4] tinh dugc to hop céc trong sb phu hop sau: A =0,59; B=0,20; C=0,11; D=0,07;
E =0,04.

So sanh céc tiéu chi theo tirng cap, muic do quan trong cua cac cap tiéu chi. Cac mic do
uu tién (cac gia tri ajj, voi i chay theo hang, j chay theo c6t) theo cép cua cac ti€u chi c6 cac
gia tri nguyén duong tur 1 dén 9 hoac nghich dao cua cac s6 nay, ta dugc ma tran vudng (n><n)
nhu Bang 2. H¢ s0 ctia ma trén dugc lay tir diém s6 ciia viéc so sanh cip gitra cac thanh phan,
yéu t6 hay céc tiéu chi. Théng qua ¥ kién chuyén gia x4c dinh duogc gia trj so sanh cip, do do
gi4 tri hé s6 ma trin twong quan phu thudc vao tinh chi quan ciia cac chuyén gia trong viéc
dinh luong trong sb cho cac muc tiéu. So dd phuwong phap luan giai quyét bai toan dugc trinh
bay trén hinh 3.
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Nghién cifu xic dinh bé tiéu chi xic dinh dwge chire ning nguén nwéc, muc
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Hinh 3. So db c4u trac nghién ciru.

2.3. Dit liéu swr dung trong nghién curu

Cac lgai dix liéu dau VélO‘Vfl pguén thu thap q& liéu duge thé hién tai Béang 1. Cac ban dd
s dung dat nam 2019, ban d6 tho nhudng, ban do DEM kich thudce 6 ludi 30mx30m duoc sur
dung dé tinh toan.

Bang 3. Cac loai dir liéu can thiét dé phuc vu phan ving chirc ning ngudn nudc.

T

Loai dir liéu

Ngudn dir liéu

[y

9

Dit ligu khong gian (dudi dang ban do s0)
Bén d06 s6 hoa d¢ cao DEM luu vuc song Dong Nai

Ban d6 hién trang su dupg datnam 2019 tai cac tinh
thudc luu vuc song Pong Nai, ty 1€ 1:100.000 -
1:200.000

Ban db thé nhudng luu vuc song Pong Nai ty 18
1:200.000

Ban d6 thé hién mang ludi song sudi, tram do khi
tugng thuy van, ho chira trén Iuu vyc séng Dong
Nai ty 1¢ 1:100.000

Tai liéu v& s6 lidu quan tric chét lwong nudc tir cac
dé tai dy 4n, tir s liéu quan tric moi truong hang
nam vung luu vue séng Dong Nai

Tai lidu v& hién trang khai thac str dung nudc mat
trén ving luu vyce song Dong Nai.

Chi phi nudc sach (gia dich vu nudc sach hién nay)
clia cac tinh thugc luu vuc song Pong Nai

Gia ban ndng san, chi phi vat tu ndng nghiép phuc
vu san xuat néng nghiép: khdi lugng phan dam, gia
phan dam, lan, kali....

Thué phi bao vé méi truong dbi véi nude thai

Dit liéu mo hinh d6 cao sb (Digital Elevation
model-DEM) véi d6 phan giai 30m x 30m.
(https://earthexplorer.usgs.gov/).

Céac S¢ Tai nguyén va Méi trudng cua cac tinh
thuoc luu vuc séng Dong Nai, Quy hoach tai
nguyén nudc luu vuc song Déng Nai, Cuc do dac
ban do.

Céc S¢ Tai nguyén va Moi truong cua cic tinh
thuoc luu vuc song Dong Nai, Quy hoach tai
nguyén nudc luu vuc song Déng Nai, Cuc do dac
ban do.

Céac S¢ Tai nguyén va Méi trudng cua cac tinh
thugc luu vuc sdng D(“)ng Nai, Quy hoach tai
nguyén nude luu vye song Dong Nai, Cuc do dac
ban do.

Chi cyc bao v¢ moi trudng céc tinh thudc luu vuc
song Dong Nai.

S¢ Tai nguyén va M6i trudng cia cac tinh thudc
lru vue song Pong Nai.

Céc cong ty cip nudc cua cac tinh thude luu vuc
song Pong Nai.

Tham khao gia thi truong

Tham khao gié thi truong

2.4. Xac dinh bo tiéu chi, chi so xac dinh chirc nang nguon nuoc dwa trén gia tri loi ich kinh
te va bao vé moi truong nuwoc mat

Dua trén nhom ti€u chi vé ngudén nudc, myc dich sir dung nude dua trén chire nang cua

doan sdng, gia tri kinh t€ cia nudc va gia tri bado vé mai truong, xay dung khung tiéu chi danh
gia xac dinh chirc nang nguon nudc dua trén gia tri o1 ich kinh té va bao v€ moi trudng nudce
mat (Hinh 4).
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S Chidu dii doan sdng (C1)

s L Diém phin los, nhip bws (C2)

: Muc dich sit dung mrde dira — ——

- — - - . = . Kha néng tisp nhin mroc théi, sic chiv t3i cda ngwon meec (C3)

3] trén vide phin doan séng (B1)

‘E Muc dich =it dung nwoc (C4) |

Aah hudns thiy wids (C5) |

[ LITT

Z Chids ¢&i xém nhip min g vai 4950 (CF) |
E Ehu din cr (CT)
=':In R - . Khu céng nghisp (C5)
.é" a0 Muc dich sit dung nirde dwa
= E trén chircndng cia doan song K bio ton da dang sinh thai(Cg)
o
[ZI-1 2 - — P - -
= = [B_} —— Phuc vomuc dich phat trisn kinh 42 - 28 hoi  Cép nwec che SHNN,CH, TS, MT... {C1I)
o
L] EE I Ehu béo tén gid i vin héa lich s (C11)
o
E. ‘: — Gia tri =it dung nwec cho sinh hoat (C12)
;s - = - >
’5 5‘ —_ Gis tri sir dung nwec cho néng aghisp (C13)
-
=
= = —{ Gid tri 5 dynz nUGe cho céng nehidp (C14)
_‘g g Muc dich sit dung nirde dwa
= ] E i3 i Lo 4 -3 g 3 Gis trj =it dung nwec cho thiy didn (C15)
En'ﬂ trén gia tl loi ich kinh te (B3) el =ir dyng meoc cho thiry dign (C15)
- E Gig tri sif dung nwoc cho nubi ting thiy sin (C16)
=
= 'E Gis tri =it dung neoc cho giso thing thiy (CLT)
-
E' Gia tri =it dung nwoc cho dich vu, du lich (C1B)

Gia tri =i dung noec cho mdi teing sinh thai (C18)

Wi trl nEudn nwec (C20)

Gis tri bdo ton, béo v cia Sozn sing (C21)

Hién trang chét lwgng nwoc hisn tai (C22)

INNENEN

Muc dich sit dung mrde dira
|——— trén =a tn loi ich m &1 trromg D kisn chét loens nwoc trong toeng 1ai (C23)

B4) (I Eha ning tir lam sach (C24)

Tiéu chi de phin ving chirc n

— Chat lwong nooc =50 hop lrs (C25)

— QH thodt mrec va HT xir 1¥ nwoc thai KV dén ar, kho CN thuoc LVS (C26)

Hinh 4. B§ tiéu chi phan ving chirc nang ngudn nude, muc dich sir dung nude dua trén gia tri loi ich
kinh té va bao vé méi truong.

3. Két qua va thao luin

3.1. Xdc dinh va tinh trong sé cdc yéu té

a) Xay dung ma trin mirc d6 quan trong gitra cac yéu to

Xay dung ma tran mtc do quan trong ddi véi cac yéu t anh hudng dé xac dinh duoc
trong sO W cho tung yéu t6 anh huéng hay mirc d§ quan trong ctia cac yéu t0. Dua trén y kién
chuyén gia, xac dinh dugc muc dd quan trong gitra cac cap yeu to va dugc kiém ching lai tu
s0 li€u, tai liéu thuc té. K&t qua tinh ma tran mic d6 quan trong doi véi cac yéu to (Bang 4).

Bang 4. Ma tran mirc d¢ quan trong ddi véi cac yéu to [A].

Muc dich sir Muc dich sir Muc dich sir

Muc dich sir dung i . )
iz i o dung nwécdwa  dung nwoc dwa dung nuwéc dua
STT Yéu to nudc dua trén viée . L. R L
. . trén chirc nang trén gia tri loi trén gia tri lgi
phan doan song . A . . £ . Ae o
cua doan song ich Kinh té ich moi truong

Muc dich st dung nudc dua trén
1 . \ A 1,00 1,50 0,67 0,75
viéc phan doan song

Muc dich st d rdc dua tré
He CIeh st ding nuoe dua fen 0,67 1,00 0,33 0,75
chirc nang cua doan song

Muc dich st di ¢ dua tré
'uc . 1c. ,su .ng Turoc va trén 150 3.00 100 133
gia tri lgi ich kinh t€

Muc dich st dung nudc dua trén

4 L, L 1,33 1,33 0,75 1,00
gia tri lgi ich mdi trudng

Téng 4,50 6,83 2,75 3,83
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b) Xac dinh trong sb cho ting yéu t6

95

Trén co s& mirc d§ quan trong cia cac yeu to s€ tinh dugc trong s6. Két qua xac dinh
trong s dugc thé hién & bang 5.

Bing 5. Ma tran bién d6i va trong s6 [B].

Muc dich sir Muc dich sir Muc dich sir Muc dich sir
TT  Yéutb dung nuéc duwa  dung nuéc dua dung nuéc duwa  dung nuéce dua Trong
€u to ‘
trén viéc phin trén chirc ning trén gia tri loi tréngia trilgi  so W [B]
doan song ciia doan song ich kinh té ich méi trudng
Muc dich str d oc d
1 e el st dung nuoe QA -y oy 0,22 0,24 0,20 0,220
trén viéc phan doan song
Muc dich sir d 5c d
2 e Gich swdung nuoe dua - g 0,15 0,12 0,20 0,153
trén chirc ndng cua doan song
Muc dich str d uge d
3 e CICh s GUNg Mot Qa4 33 0,44 0,36 0,35 0,371
trén gia tri loi ich kinh t&
Muc dich str d uge d
4 e GICh st GURg Iuoe QUa 4 35 0,20 0,27 0,26 0,256
trén gid tri lgi ich moi truong
Téng 1,00 1,00 1,00 1,00 1,00

¢) Kiém tra tinh phu hop cuia trong sb

Dé kiém tra tinh phi hop cia trong s6 dugc xac dinh bang vector tong trong sb va vector

nhit quan. Vector trong s 1a ma tran [C] duoc tinh bang [C] = [A]X[B].

Bang 6. Vector trong s6 [C] xac dinh theo céac yéu t6,

Vector trong sb

[CI=[A]X[B]

1 Muc dich sir dung nudce dya trén viéc phan doan song 0,89
2 Muc dich sir dung nudce dua trén chitc nang cua doan song 0,62
3 Muc dich str dung nudc dya trén gia tri loi ich kinh té 1,50
4 Muc dich sir dung nudc dua trén gia tri 1oi ich méi truong 1,03
- Vector nhat quén [D] dugc tinh theo cong thirc= [C]/[B].
Bang 7. Vector nhét quan [D] duoc xéac dinh theo cac yéu td.
Vector nhit quén [DI=[C)/[B]
1 Muc dich str dung nude dua trén viéc phan doan song 4,04
2 Muyc dich str dung nudc dya trén chirc nang ctia doan song 4,03
3 Muc dich sir dung nude dua trén gia tri 191 ich kinh té 4,05
4 Muc dich st dung nudc dya trén gia tri loi ich méi truong 4,03

- Chi s6 nhé’t quejn CI=0,01 o
- RI1a chi s6 ngau nhién ing v6i 9 yéu to, tra bang RI = 1,45
- Ti s0 nhat quan CR = 0,08 <0,1
d) Panh gia thang diém cho timg chi s6

Trén co s¢ y kién cua cac chuyén gia, thong qua hoi thdo va dya vao tinh hinh s6 liéu,
kha nang 4p dung cia mo6 hinh va céc tiéu chi da dugc xac dinh & trén, dé xuat thang diém (10

diém) cua tung chi so.

e) Két qua danh gia dua trén cac chi tiéu danh gia phan vung chirc ndng ngudn nudce trén

luu vyc song Bong Nai.

Sau khi tinh toan dugc gia tri ctia cac chi so thanh phan cta cac bo tiéu chi, dé tinh duogc
chi s6 trén luu vyuc song Pong Nai ciia nhom céc chi tiéu thanh phan, ta can xac dinh dugc
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trong s6 cho timg chi s6 thanh phan sao cho téng trong s ctia cic chi s thanh phan nay bang
1 (100%). St dung phuong phap tinh toan trong sé AHP nhu trinh bay & trén, tién hanh thiét
1ap cac ma trdn so sanh, danh gia tinh nhit quan cua cac diém sb danh gia cua cac chuyén gia
thong qua chi s CR (CR < 10%) va tinh toan xac dinh dugc trong sd cia cac thanh phan cua
cac bién, tiéu chi va khia canh cu thé két qua tinh toan thé hién & cac biéu dd va trong s cua
cac khia canh d6i véi chi s6 tong hop ciia luu vue song Dong Nai thé hién ¢ cac hinh 5.

Bieu do trong so cac bien cia cic tiéu chi mye dich s dung
nwéc dua trén viéc phan doan song

0,107 0,108 o .
= Chitu dai doan sdng

Biéu @6 trong s0 cAc bién ciia cdc tiéu chi myc dich sit dung
nwée dira trén chike nang cia doan song

0,128

0,197

= Khu dan cr
= Diém phén hru. nhap hru

0,129 i a . nh
0,171
thai, stec chiu tai cua nguon
fmrdc

Kha nang tiép nhin mrdc
= Muc dich st dung mréc

= Khu cong nghiép

K_hu bao ton da dang sinh
= Phyc vu muc dich phat trién
0,226 kinh té -xa hoi
= Khu bao ton gid tri van héa
lich s

¢

0,166

u Anh hwong thiy tridn
0.275 0,200 - -

Biéu d6 trong so ciic bién ciia cic tiéu chi muc dich sit dung nwére dwa trén gid tri loi

ich vé moi frromg
2188

Hinh 5. Biéu d6 trong s6 cac bién cua céc tiéu chi muc dich sir dung nude dua trén viée phan doan
song, chirc nang cua doan song, gia tri lgi ich kinh t€, gia tri 191 ich méi truong.

Biéu @6 trong s cic bién ciia céc tiéu chi muc dich sir dung
nwrdre dira trén gid tri lgi Kinh té

0,060 0,004
= Gia tri sir dyng mréc cho sinh

hoat
0,143 2 7
= Gid tri sw dung mrdc cho
0,152 néng nghiép
Gia tri sit dung mwoc cho
cong nghigp
0,089 = Gid tri sir dung nwée cho thiy

dién
= Gia tri swr dung mrée cho nudi
trong thuy san

Vi i ngubn mrée

» Gié ri bio tén, bio vé cia doan séng
Hién trang chét hvong mrée bién t=

= Dy lién chit rong mede wong trong ki

= Kb néng ty bim sach

Chit zong mwée sau bop hru

0.065 0.158 Gia tri st dung mwde cho giao
théng thy

® Gia tri sit dung mwoc cho dich
vu, du lich

® QH thodt mréc va HT e awde thai KV
din o, kim CN e LVS

0,236

3.2. Xdc dinh phédn ving chirc ndng nguon nwéce trén leu viee séng Pong Nai

Duya trén két qua tinh toan danh gia hién trang ngudn nudc vé mit sb luong, chat lugng,
nhu ciu st dung nudc, hién trang xa thai vao ngudn nudc, xac dinh gia tri st dung nudc cho
cac nganh khai thac sir dung nudce khac nhau, can cur trong s6 cua ting chi s6 xac dinh dugc
chtrc nang nguon nude dua trén gia tri loi ich kinh té va bao vé méi truong nudc mit cho luu
vue song Pong Nai, két qua thé hién trong hinh 6 [19].

4. Két luan

Két qua nghién ctru cho thdy véi cach tiép can st dung moé hinh SWAT két hop voi
phuong phap phan tich thtr bac AHP, dong gép ¥ kién cuia cac chuyén gia da xac dinh dugc
b0 tiéu chi, chi s6 xac dinh chirc nang nguén nude dya trén gia tri loi ich kinh té va bao vé
mdi trudng nude mat, 4p dung cho luu vire song Pong Nai. Két qua xac dinh dugc chirc ning
ngudn nude cho 122 doan song voi cac chirc ning co ban: (1) Cap nudc cho sinh hoat; (2)
Cép nudc cho thiy dién; (3) Cap nude cho san xuét cong nghiép; (4) Cap nudc cho du lich,
dich vu; (5) Cip nudc cho san xuat nong nghiép. Céac chirc ning dé duogc thay doi tuy theo
muc dich str dung va gia tri kinh t& nuéc cia ting doan song. Khi nhu cau thuc tién trong quy
hoach luu vuc song can chi tiét, co thé chia nho hon véi cong cu hd trg trong mo hinh SWAT
phan chia cac tiéu luu vuc, ap dung b ti€u chi néu trén, co thé phan vung chirc nang nguén
nude mot cach chi tiét hon. Viée ap dung phuong phap phan tich thir bac AHP cho luu vuc
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song lién qudc gia s€ con c¢6 nhi¢u han ché do khong c6 day du thong tin cia luu vuc ¢ ngoai
lanh tho Viét Nam.

BAN PO PHAN VUNG CHUC NANG NGUON NUGC TREN LUU VU'C SONG PONG NAI

CAM PU CHIA

|||||

Hinh 6. Ban db phan ving chte ning ngudn nude luu vue song Pong Nai.

DPong gop cua tac gia: Xay dung y tuong nghién ctru: P.T.H.L.; Lwa chon phuong phap
nghién ctru: P.T.H.L.; Xt ly s0 liéu: N.H.S.; Xac dinh tiéu chi: P.T.H.L., N.H.S.; Viét ban
thao bai bao: P.T.H.L.; N.H.S.; Chinh stta bai bao: P.T.H.L.

Loi cam on: Nghién ctru nay duogc thuc hién dudi sy tai tro cta dé tai nghién ctiu khoa hoc
cap Bo Tai nguyén va Moéi truong nam 2022 “Nghién ctru phan vung chirc ndng nguén nudc,
muyc dich st dung nudc dua trén gia tri 191 ich kinh t€ va bao v&€ moi trudng nudc mat”. Tap
the tac gia tran trong cam on sy giup do cua Vu Khoa hoc Cong ngh¢, Cuc Quan ly Tai
nguyén nudc, Trung tdm Gidm sat tai nguyén nudc va Ho trg phat trién luu vuce song, Cuc
quan ly Tai nguyén nudc trong qua trinh thuc hién nghién ctru nay.

Loi cam doan: Tap thé tac gia cam doan bai bao nay 1a cong trinh nghién ctru cta tap thé tac
gia, chua dugc cong bo ¢ dau, khong dugce sao chep tir nhirng nghién ctru trude day; khong co
su tranh chap lgi ich trong nhom tac gia.

Tai liéu tham khao

1. Agudelo, J.I. The Economic Valuation of Water: Principles and methods. IHE Delft,
Value of Water Research Report Series No. 5, 2001.

2. Turner, K.R.; Fao, R.; Georgiou, S.G.; Clark, R.; Brouwer, R.; Burke, J.J. Economic
valuation of water resources in agriculture. From the sectoral to a functional
perspective of natural resource management. 2004.

3. WBCSD Water. Business guide to water valuation. 2013. Online available:
www.whbcsd.org.



Tap chi Khi twong Thity van 2023, 755, 88-99; doi:10.36335/VNJHM.2023(755).88-99 98

4.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

MRC. The MRC basin development plan: Economic valuation of water resources
(RAM Applications). 2005.
GWP. TAC Background Paper No. 4: Integrated Water Resources Management.

2000.

Khiém, B.V.; Hoa, B.T.T.; Ngan, B.T. Tinh toan cau va gia tri kinh té ctia nudc tudi.
Tap chi Khoa hoc Ky thudt Thiy loi va Moi truong 2009, 26, 55-60.

Ringler, C. Optimal Water Allocation in the Mekong River Basin. Bonn, Germany,
2001.

Claudia, R.; Huy, N.V.; Siwa, M. Water allocation policy modeling for the Dong Nai
river basin: an integrated perspective. J. Am. Water Resour. Assoc. 2006, 42(6),
1465-1482.

Nghia, T.T.; Nam, L.H.; Thay, N.T.; Xuan, Q.T.; T4, P.T.; Thang, B.X. Ung dung
cong nghé GAMS van hanh phéan b t6i wu ngudn nudc ving Thuong du song Thai
Binh. Néng nghiép va phdt trién néng thén 2006, 1(7), 48-52.

Cai, X. Implementation of holistic water resources-economic optimization models
for river basin management - Reflective experiences. Environ. Modell. Software
2008, 23, 2-18.

Arbues, F.; Garcia-Valinas, M.A.; Martinez-Espineira, R. Estimation of residential
water demand: a state-of-the-art review. J. Socio-economics 2003, 32, 81-102.
Bhargava, D.S. Use of water quality index for river classification and zoning of
Ganga river. Environ. Pollut. Series B, Chem. Phys. 1983, 6, 51-67.

Fang, Q.; Zhang, L.; Hong, H.; Zhang, L.; Bristow, F. Ecological function zoning for
environmental planning at different levels. Environ. Dev. Sustainability 2008, 10,
41-49.

Giang Thanh Binh, G.T. Nghién ctru phan ving chirc ning nguén nude trén cac luu
vuc song. Dé tai cap bo nam 2015,

Hung, N.T.; Anh, T.N.P.; Nguyen Thi Cam Hang, N.T.C. Gia tri ctia tai nguyén nuoc
mit trong phat trién kinh té - xa hoi caa Thanh phd H6 Chi Minh. Tap chi phdt trién
khoa hoc va cong nghé 2018, 57(2), 57-67.

Nga, N.T.T. Nghién ctru thidt 1ap m6 hinh thay van - kinh té phan bd nudc téi uu luu
vuc song Ba. Luén n tién sy k¥ thuat, 2017.

Cuc Quan 1y Tai nguyén nudc. Bao céo tong hop quy hoach tai nguyén nude luu vuc
song Pong Nai, 2023.

Ougahi, J.H.; Karim, S.; Mahmood, S.A. Application of the SWAT model to assess
climate and land use/cover change impacts on water balance components of the
Kabul River Basin, Afghanistan, 2022,

B4o céo két qua nghién ctru dé tai: Nghién ctru phan ving chirc ning ngudn nudc,
muc dich st dung nudc dua trén gia tri loi ich kinh té va bao vé mdi truong nudc mat,
thuc hién nam 2022-2023.



Tap chi Khi twong Thity van 2023, 755, 88-99; doi:10.36335/VNJHM.2023(755).88-99 99

Research to develop a set of criteria and indicators to determine
water resource functions based on the value of economic benefits
and protection of surface water environment for the Dong Nai
river basin

Pham Thi Huong Lan®*, Nguyen Hoang Son!, Ngo Khanh Linh?
! Thuyloi University; lanpth@wru.vn; sonnh@wru.vn; linhnk610@wru.vn

Abstract: Water source functions and zoning of water source functions are determined in
the general river basin planning and provincial planning as a basis for implementing
measures to manage and protect water resources. The study of functional zoning of water
resources is mainly based on the purpose of water use, without considering the value of
economic benefits and environmental protection. This article introduces the AHP
hierarchical analysis method to select the optimal set of criteria to determine water source
functions and water use purposes based on the value of economic benefits and surface water
environmental protection, applying for Dong Nai river basin. The results identified the
following functions: Water supply for daily life; Water supply for hydropower; Water
supply for industrial production; Water supply for tourism and services; Water supply for
agricultural production, navigation and other purposes of 122 river and stream sections in
the Dong Nai river basin.

Keywords: Water resource function; AHP; Dong Nai river basin.
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