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Tém tit: Gian dd khi tuong thiy van ghi chép lai thong tin, s6 liéu do dac cua lugng mua,
muc nude, ¢ am, nhiét do va cac loai thong sb do dat khac. Cac thong sb nay dugc thu thap
tir cac tram do luong KTTV trén toan qudc. Viée luu dir cac thong tin nay 13 cuc ki quan
trong nham phuc vu cho muc dich nghién ciru va du bao thoi tiét va thién tai trong twong
lai. Tuy nhién, hién nay viéc luu trit ctia cac loai gian do dang & dang truyén thong; viéc doc
dir liéu lai phu thudc ngudi c6 chuyén mén. Do d6, kho bao dam vé tinh toan ven cua dir
li¢u theo thoi gian. Bai bao nay dua ra giai phap nhan dang gian do tu ghi va tach cac thong
tin gian d6 bang cong nghé thi gidc may, gitip viéc luu trir va s6 hoa dir liéu gian do mot
cach ty dong. Giai phap tich hop thuét toan phan tich cau trac trang, thuat toan phat hién
ludi va can chinh két hop thuat toan phat hién line va cac ddi tugng trong gian dd dé tach
line. Bang thyc nghiém, phuong phap da dat dugc do chinh xac cao, hon 90% gian do6 co
thé s6 hoa, trong d6 bao gom cac loai gian @6 lwong mua, muc nudc, do am, ap suat va nhiét
do.

Tir khoa: Gian dd Khi tugng, thuy van; Nhan dang; Xt ly anh; Thi gidc may.

1. Mé& dau

Theo Téng cuc Khi twong Thity van (B6 Tai nguyén va Méi trudng), dén nay mang ludi
quan tric khi twong thuy van (KTTV) hién ¢6 13 1.719 tram diém do trén toan quéc, trong do
trong giai doan 2010-2020 m&i c6 40% cac tram duoc dau tu tw dong hoa [1]. Con gan 60%
(hon 1000) c4c tram van dang van hanh theo cac phwong phap va ki thuat cii. Tai mdi tram
quan tric mot luong dir liéu quan tric rat 16n dugc thu nhan lién tuc hang ngay nhu nuéc, &p
suit, d6 4m, nhiét do... Do d6, van dé luu trix va xu 1y thong tin rat kho khan. Ngay ca khi
cac tram duoc dau tu toan bd véi quy trinh tr dong hoa hét thi viée luu trir va xir 1y cac dir
lidu trude do 1a rat quan trong, phuc vu du bdo va canh bao vé cac thién tai trong lai c6 thé
xay ra ciing nhu lam giam thiéu ti da thiét hai do thién tai gay ra [2-3].

Viét Nam thugc nhom qudc gia dang phat trién, chii chwong ciia nudc ta 1a huong to1
phat trién va ing dung cong nghé¢ 4.0. Cing nhu vay, linh vue KTTV ciing can mot cong
cudc chuyen d6i sb véi toan bd quy trinh [4-6]. Tuy nhién, _hién nay véi so lugng tai liéu
gian do va so sach khong 16 duoc luu trir tir hang chuc nam vé trude dang 1a van deé ‘nam giai
cho cong cudc chuyén doi s6. Nhiéu nghién ciru trén thé gidi tap trung dé giai quyét cac bai
toan xir 1y dit liéu khi twong thiry van [7-12]. Do d6, nghién ctru nay dwa giai phap dé sé hoa
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gian dd sir dung cong ngh¢ xu ly anh hién dai, cong ngh¢ thi giac may dé nhan dang va trich
xudt thong tin tir gian d6. Phuong phap ap dung thyc nghiém cho cac loai gian d6 luong mua,
muc nudc, ap suat khong khi, nhiét 4o, d6 am.

Giai phép duoc dua ra trong nghién ctru ndy theo huéng tiép can chinh sir dung cac ki
thuat phan tich anh va nhan dang ty dong dé tach cac dudng line ghi trong gian do. Két qua
ctia qua trinh nay s& tich duoc line va nén tir 46 giup viée doc dir liéu duoc chinh xdc. Thuét
toan ap dung cho cac loai gian do tu ghi thong dung nhu gian dd mura, nhiét, am, 4p va lugng
nude. Thudt toan tinh toan nhanh c6 thé xir Iy quy trinh doc vao tap file anh da dugc scan, s6
hoa théng tin dé tach duogc line va thude do 1am dau vao cho giao dién GUI tiép theo.

Céc két qua thyc nghiém trén ndm loai gian do cho thay két qua tach line sai léch trung
binh chua dén 2% trong cac loai gian do véi chat lugng scan t6t; dudng line va cac ddi tuong
trong gian dd duoc tach chuén xéac tir gian d6 gilp viéc doc cac méce thoi gian va gia tri do
t6t. Thoi gian xtr 1y viéc tach line va cac dbi twong twong dbi nhanh, dam bao thoi gian xir Iy
ctia k¥ thuat vién. Tir két qua ciia giai phap, 1am dau vao dé xay dung cong cu DigiMeto [14]
trg gitp doc gian do tu ghi khi tugng thuy vin va di rat ngan déng ké thoi gian doc thu cong;
ddng thoi cho phép tury chinh cac tham sb theo yéu cau ngudi dung. Viée giai phap s6 hoa
nay lam tién dé cho viéc s hoa cac loai tai lieu KTTV khac dang luu trir tai Tong cuc Khi
tugng Thuy van.

Hinh 1 md ta cu trac téng thé cua giai phap. Pé nhan dang gian dd phuc vu doc dir li€u,
nghién ctru nay dé xuét tich hop thuat toan phan tich ciu tric trang, thuat toan phat hién ludi
va cin chinh ciing véi thuat todn phat hién line va cac ddi twong trong gian d6 dé tach line va
cac ddi twong khac, 1am dau vao cho coéng cu doc ghi tr dong DigiMeto. Thyuc nghiém va
danh gia trén céc loai gian dd nhu gian dd mua, 4m, lugng nudc, ap suét va nhiét cho két qua

tot.

Phan tich cau truc Phét hign Iudi v Phat hién line va cac

trang e doi tugng # trong
hinh e
(Block Detection) SSR EHE giando

Hinh 1. Cac khdi module chinh giai phap s6 hoa gian d6 KTTV; trong d6 bai bao tap trung phat trién
thudt toan Phan tich cau trac trang, phat hi€n ludi va can chinh, phat hién line va cac dbi tugng khac
trong gian d6 1am du vao cho phat trién GUI (DigiMeto) hd trg doc gian dd ty ghi KTTV.

2. Phwong phap nghién ciru

2.1. Péi twong nghién ciru

Véi lich str hinh thanh 100 nim nén tai liéu gian d6 KTTV rat phong pht vé chiing loai
ciing nhur hinh thire va chat lugng vat 1y [15]. Gian d6 hién nay chiém khoang 1/3 khéi lugng
tai li¢u luu trtr hién nay véi rat nhiéu loai gian dd nhu mua, nhiét, 46 4m, ap suét va muc
nude. Cling mot loai gian d6 nhung c6 cac hinh thirc va thiét ké khong khong hoan toan gidng
nhau theo thoi gian. Do diéu kién lwu trir tai Trung tdm Thong tin va Dit liéu KTTV va céc
Pai KTTV khu vyc khong dat chuan kho luu trit theo quy dinh. Do d6 tinh trang vat Iy cua
gian d6 bi anh huéng nhidu. Cac gian do tir truéc nam 70 c6 tinh trang vat 1y kém, nhiéu to
gian do bi thing, bi rach va con c6 nhimng td gian dd bi oxy hoéa giy ra mat thong tin. Cac
gian d6 sau nam 90 c6 do day t& gian dd mong hon nhitng nam trude do, day ciing c6 thé 1a
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nguyen nhan céc gian d6 d& bi nhoe khi gap do a am khong khi cao va ciing rat dé bi nhan. Cac
16i thuong hay gip nhu nhoa nét trén gian do, 16i bac thang, 16i chay men...Hinh 2a—2e minh
hoa cac loai gian dd duoc thuc nghi¢m trong bai bao, trong d6 gian dd mua c6 3o phuc tap
gian d6 cao hon céc gian do khac.

Céc gian dd co thé chia thanh hai nhom: gian d6 lu6i thing va gian do luéi cong. Gian
dd ludi théng bao gém gian dd lugng mua va myuc nudc, dugce xac dinh theo cac duong toa
d6 thang duoc quy dinh trude; Gian do ludi cong bao gdm gian d6 d6 am, nhiét va ap xuat.
Céc gian dd nay c6 dic diém 1a cac dudng toa d6 c6 hinh dang cong dé phu hop véi may do
k¥ thuat. Nghién ctru dé xudt giai phap tach line va cac d6i twong trén gian do cho cac loai
gian do trén.

|

r@[,}\f?\&:;\'; ——— / /

(@) (b)

©) (d)

Hinh 2. (a) Gian d6 mua Mudng Té 5/2019; (b) Gian db nuéc Ban Yén 8/2012; (c) Gian db ap Pién
Bién 7/2007; (d) Gian dd nhiét Ngan Son 9/2019.



Tap chi Khi twong Thiiy van 2021, 726, 1-11; doi:10.36335/VNJHM.2021(726).1-11 4

2.2. Thudt todn phan tich cdu triic trang

Phén tich cdu truc trang 13 budc dau tién trong sb hoa biéu d6 khi twong thuy van. Viée
phan tich nay giup chung ta xac dinh cac ving biéu do can lam viéc va loai bo cac ving
khong quan tam. Dau vao 13 anh scan cac biéu do khi tuong thuy vin c6 nhiéu biéu do cua
nhiéu ngay khéc nhau. Ttr viéc xac dinh vi tri cac vang biéu d6 trén anh scan, ching ta sé
tach thanh cac biéu db riéng biét 1am du vao cho bude xir 1y sau. Qua phén tich nghién ctru
nay thay cac biéu dd c6 dic trung goc trong khu vuc biéu d6 kha ré nét. Hinh 3 biéu dién
kénh S cta anh dau vao sau khi dugc chuyén sang hé mau HSV. Ta c6 thé thy thong tin goc
ciia biéu d6 dugc thé hién kha rd trong kénh S thudc bd ba kénh mau HSV. Vi vay, goi ¥
tudng ap dung phuong phap phat hién goc, tir d6 gian tiép tim duoc khu vyuc biéu d6 can phat
hién.

Hinh 3. Biéu dién kénh S (thudc hé mau HSV) trén mot anh gian dd mua.

Harris Corner Detector [15-16] 1a phuong phap phat hién goc don gian va hiéu qua. Y
tuong chinh cua that todn nay dwa vao sy bién d6i cuong do sang tai mot ving lan can: 1a
mot ving nho quanh cic dic trung (goc, canh...) s& ¢ su thay ddi 16n vé cudng do sang néu
mot window dich chuyén 1 doan (u,v) tir diém (x,y) theo bat ki hudng nao. Cong thirc Harris
Corner Detection téng quat nhu sau:

E(u,v) :Zw(x,y)[l(x+u,y+v) —1(x, )]? (1)
Xy

Trong d6 w 1a mot window & trén anh; x, y 1a toa d§ cua diém w(x,y) thugc window do;
I(x,y) la gia tri d0 sang ctia mot pixel tai di€m x,y; I(x+u, y+v) la gia tri 6 sang ctia mot pixel
tai diém I(x+u, y+v).
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Hiéu cua shifted intensity va intensity biéu thi do thay doi vé gia tri diém anh khi ta dich
chuyén moét lugng u, v (trén anh). Muc ti€u ctua Harris Corner detector 1a cuc dai hdéa ham
E(u,v) dé tim ra nhitng khu vuc c6 su thay doi intensity 16n nhat.

E(u,v) = [uv] M [1;] 2)

Trong do:
I Ll
M=X 3
w(X, ) LI, 12 ©)

Ta c6 cong thirc cudi ciing nhu sau:
Viéc tim ra cac diém anh c6 phai corner hay khong phu thudc vao gia tri R (Measure of
corner response). Cong thirc R nhu sau:

R = det(M) — k(trace(M)? (4)

Trong d6 det(M) = AB — C% = A1)y, trace(M) = A1 + A2, A1, A2 la cac gia tri ban dia cia M
tuong tmg voi do cong cua ham dia phuong quyét dinh xem diém ndy c6 phai 1 corner hay
khong, k 1a tham so dleu khién.

Phuong phap dé xuét phat hién va tach ving biéu do ctia gdm 4 budc: (1) Sir dung Harris
Corner Detection dé phat hién ving ludi; (2) Tim contour bao quanh cac khu vic c6 mat do
corner dugc detect nhiéu nhat; (3) Xac dinh ving biéu dd va cac ving khac tir toa do 4 goc
ctia cac duong contour; (4) Cat cac ving biéu d6 xac dinh duoc. Hinh 4a—4d minh hoa két
qua phan tich ciu tric trang gian do. Ta c6 thé thdy ving biéu d6 xac dinh duoc tét. Uu diém
ctia phuong phap ap dung 1a don gian, téc do nhanh nhung rat hiéu qua.
| o i

I , , o

©) (d)

Hinh 4. (a) Két qua detect goc; (b) Két qua tim contour; () Xac dinh ciu tric trang biéu do; (d) Két
qua ving biéu do xac dinh dugc.

2.3. Thudt toan phat hién ludi va can chinh

Ving biéu d6 sau khi dugc xac dinh tir thuat toan phan tich cu tric trang can duoc cat
gon, can chinh va 1am phang dé do dac chinh xéac. Ké thira y ‘tudng phat hién goc cua thuat
toan & phan 2.2, chung ta s€ dya vao viéc phat hién corner dé tir d6 gian tiép phat hién bao
quanh cua biéu dd va cét gon hon. Tuy nhién, c6 mot sb anh hién tai dang bi 1éch, khong
thang véi huong ngang do qua trinh scan dat gian dd khong thang goc. Hinh 5a minh hoa anh
sau khi dugc cat ving biéu d6 & thuét toan phan tich ciu tric trang con du phan trén va goc
1éch so vo1 dudong vuong goc.
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-

Hinh 5. (a) Minh Minh hoa anh sau khi duoc cét ving biéu d6 ¢ thudt toan phan tich ciu tric trang
con du phén trén va goc 1éch so véi duong vudng goc (b) Anh két qua sau khi phat hién Iuéi va
can chinh

Phat hién toa do cuia cac s trén biéu do sir dung khdp mAu, tim ra nhitng dudng thang
di ngang qua cac sb ¢ cung gia tri (vi du 40, 50, 60). Luu ¥ & budc nay, chiing ta ¢ thé s&
khong tim dugc toan bd cac sd can tim, vi du trén mot duong nam ngang c6 4 sb can tim
nhung ta ¢6 thé chi tim duoc 2, 3 s6, tuy nhién vi & ddy ta chi can tim mot dudng thang di
qua cac diém nam ngang nhau trén biéu d6 nén viéc chi tim duoc 2,3 diém cho mdi dudng la
du. Dé han ché thiéu chinh xac, bai bao tim tat ca hé s goc cua cac duong thiang di qua cac
diém nam ngang nhau trén biéu d6 roi lay trung binh.

B = = s
A = ==
I = = |
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Hinh 6. (a) Toa do cac toa dd diém can phat hién trén gian dd; (b) Xoay hinh anh theo gbc di phat
hién.

Dé xac dinh ving gian d6 chuan xac nhat, thuat toan ap dung thém cac phép bién doi
hinh thai hoc [17-19] gdm: dilate dé ving biéu d6 lién mach v&i nhau, sau d6 ap dung phuong
phap erosion dé lam bién mat nhirng khu vuce nhiéu, va dilate mot lan nita dé bién d6i khu
vure mask vé kich thuéc ban dau. Thuat toan ap dung thém budc bién d6i opening nay mot
1an nira dé két qua anh dugc xir 1y nhiéu tot hon nita. Két qua sau khi thyc hién hai phép bién
d6i erosion va dilation nhu Hinh 7.

Hinh 7. Toa d6 céc toa do diém can phat hién trén gian dd.
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2.4. Thudt todn phdt hién line va cdc déi twong khdc trong gian do

Phén nay nghién ctru dé xuét thudt toan tach duong line tir biéu do va céc doi tugng khac
trong gian do tir két qua thuat toan trong phan 2.3. D€ tach duoc line ra khoi gian d6 nghién
ctru da tich hop cac thuat toan xir Iy anh nhu sau:

e Budc 1: Tién xur Iy:
- Resize kich thudc anh (cu thé 1a 500px theo chiéu rong).
- Ty vao loai gian dd, c6 thé tach chuyén vé khong gian mau HSV hoic gitt nguyén
RGB do tinh chit mau cua duong line va ludi do quyét dinh dé mau duong line va ludi tach
biét 15 rang hon, vi du biéu dién phan b mau cua gian d6 mua trong Hinh 8.

260
240
220
200 peg
180

160
140
120

175
200
Blue 225250 75

Hinh 8. B4 thi 3D biéu dién phan bé mau cua anh gian d6 mua trong khong gian anh RGB (trai) va
HSV (phai).

Co thé quan sat théy phan bé mau line va ludi da dugc tach biét ro rang hon, thuan loi
cho viéc tach ngudng ¢ budc ti€p theo.
e Budc 2: Téch line theo phuong phap ngudng:
- Thuat toan ap dung mdt sé phuong phap nhu Adaptive threshold, phwong phap OTSU
dé chon ngudng ty dong va phuong an chon ngudng cd dinh.
e Budc 3: Hau xu ly:
- Str dung phép bién d6i hinh thai closing: 1am day (dilate) sau d6 1am mon (erosion)
dé 1am cho duong line 1 nét hon, loai bo nhiéu, lam manh duong line, va ndi suy phan duong
thiéu. Hinh 9 minh hoa két qua sau khi tach line va hau xu 1y tach line.

(b)

Hinh 9. (a) Két qua tach line trén hé miu HSV; (b) Két qua sau khi 4p dung céac ky thuat hinh thai
hoc, loai bé nhiéu, 1am manh dudng line, va ndi suy phan duong thiu.
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Déi v6i cac loai gian d6 nhu am, ap, nhiét va nude thudt toan tach line dén day 1a hoan
thanh. Riéng voi gian dd mua phtc tap hon do trén mot gian do c¢6 thé ¢ nhiéu line cho
nhiéu ngay. Do d6 can tach ra cho ting ngdy riéng biét. Thuit toan dua ra giai phap xac dinh
s6 line cua gian d6 dya trén sb lugng pixel cia dudng line theo huéng doc cau anh, sau do
tach ting line va ndi suy dé duoc két qua cudi cung. Hinh 10 minh hoa giai phap ndi suy cac
duong line gian dd mua trong mot gian do.

img_gray
num_of_lines = get_num_of_lines(img_gray)
img_interpolated = None
img_line1 = None
img_line2 = None
img_line3 = None

NI suy v&i gian da 1 line
img_interpolated = interpolate_1line(img_gray)

NGi suy vai gidn do 2 lines
num_of_lines, img_interpolated, img_lined,
mg_line2, img_line3 = interpolate_2lines( img_gray)

NG&i suy véri gidn 48 3 lines
img_interpolated, img_line1, img_line2, img_line3d =
interpolate_3lines{ img_gray)

return num_of_lines, img_interpolated, img_line1, L
img_line2, img_line3

Hinh 10. Ludng thuat toan ndi suy duong line bi dut.

3. Két qua va thao luin

Phuong phap dé xuat duoc dénh gia trén tap cac file scan ciia nam loai gian d6. Két qua
tach line va cac ddi tuong khéc trén gian d6 tot, khép véi duong line gbe. Hinh 11 minh hoa
so sanh két qua line tach duoc theo thuét toan dé xuét va ground truth, cho thay két qua khop
vo1 duong line ground truth.
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(b)

Hinh 11. (a) So sanh két qua tach line theo giai phap dé xuat (duong mau xanh) véi ground truth
(dudng mau vang) trén gian dd muc nudce; (b) So sanh két qua tach line theo giai phap dé xuit (duong
mau xanh) véi ground truth (dudng mau vang) trén gian dd do am.

Ngoai ra, phuong phap dugc danh gia kiém chtng do chinh xac qua cac d6 do nhu: Mean
Square Error (MSE), Dynamlc Time Warping (DTW). Hinh 12 minh hoa két qua danh gia
sai sb giira tach line theo giai phap dé xuat véi ground truth trén gian d6 nhiét va mua theo
tiéu chi MSE (duong mau Vang) va DTW (duong mau do). Tryuc hoanh 1a chi sd cac gian do
trong thang, truc tung 1a sai s6 ti 1¢ dugc tinh theo s6 luong pixel trén gian dd. Chung ta thay
rang, sai sO pixel rat thap, diéu nay chimg to phuong phap dé xuat hiéu qua va Chlnh Xac cao.
V61 mot vai anh ¢6 MSE cao hon binh thuong xay ra ¢ gian d6 bi 6 muc, do ving 6 muyc va
vung line thuong chong 1én nhau va c6 mau gidong nhau.Ciing nhu vay, gia tri DTW rét thap,
diéu nay c6 nghia 1a khoang cach giita duong line detected dugc va dudng line ground truth
rat gan nhau.

MSE 0.000012 MSE
oooo1z{ () — bW () — o
0.000010 -
0.00010 -
0.000008 4
0.00008
0.00006 - 0.000006 -
0.00004 1 0.000004
0.00002
M/\—W—/_\—d o
0.00000
0 5 10 15 20 25 30 0 5 10 15 20 25 3

Hinh 12. (a) Danh gia sai s giita tach line theo gidi phap dé xuét voi ground truth trén gian db am;
(b) Panh gia sai s6 giira tach line theo giai phap dé xuat voi ground truth trén gian do nhiét.

4. Két luan

Bai bao dé xuit giai phap nhan dang gian d6 st dung céc thuat toan xir Iy anh va thi
giac may don gian nhung hiéu qua, lam tién dé x4y dung cong cy luu trit va sé héa dit liéu
gian d6 mot cach tu dong. Giai phép tich hop thuat toan phan tich ciu trac trang, thuat toan
phat hién ludi va can chinh va thuat todn phat hién line. Bﬁng thuc nghiém trén céc loai gian
dd luong mua, muc nudce, do am, ap suét, nhiét o, hon 90% gian dd co thé sb hoa véi do
chinh x&c cao.

Pong gop cua tac gia: Xay dung y tuong nghién ctru: P.L.P., H.H.P., H.VV.; Lya chon phuong
phap nghién ctru: P.L.P., H.H.P., H.V.; Xtr I 86 liéu: L.T.H., M.X.H., T.V.L.; Phan tich miu:
H.H.P., H.V., M.X.H., T.V.L.; Liy mau: L.T.H.; Viét ban thao bai bao: P.L.P., H.H.P., H.V.;
Chinh stra bai bao: P.L.P., HH.P., H.V.
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Loi cam doan: Tap thé tac gia cam doan bai bao ndy 13 cong trinh nghién ctru cua tap thé
tac gia, chua dugc cong bo ¢ dau, khong duoc sao chép tir nhitng nghién ctu trude day,
khong ¢o6 su tranh chap loi ich trong nhom tac gia.
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Develop technology solutions to recognize hydro—meteorological
diagrams
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Abstract: Meteorological and hydrological chart records information, measurement data of
rainfall, water level, humidity, temperature and other types of measured parameters. These
parameters are collected from hydrometeorological measurement stations nationwide. The
storage of this information is extremely important for the purpose of researching and
forecasting weather and natural disasters in the future. However, at present, the storage of
all types of schemas is in paper form, the reading of data depends on the expert. Therefore,
it is difficult to guarantee the integrity of the data over time. In this paper, we propose a
solution for schema recognition and self-recording of schema information using today's
most advanced machine vision and artificial intelligence technologies to help store and
digitize data, diagrams automatically. The solution integrates the page structure analysis
algorithm, the grid detection algorithm and the alignment algorithm to combine the line
detection algorithm and the objects in the schema to separate the line. By experiment, the
solution has achieved high accuracy, more than 90% of the diagrams can be digitized,
including all types of diagrams of precipitation, water level, humidity, pressure, and
temperature.

Keywords: Meteorological and hydrological diagrams; ldentification; Image processing;
Computer vision.
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Tém tit: Panh gia va quan 1y rui ro trong hé thong cap nude sinh hoat 12 budc quan trong
trong viéc thiét 1ap ké hoach quan 1y an toan cap nudc. Vén dé rui ro vi sinh trong nudc cip
sinh hoat dic biét dugc quan tdm dé phong ‘ngura bénh tat. Nghién ctru da s dung phuong
phap thyc nghiém bang cach thu thap va kiém tra mau nudc cap sinh hoat, va dong thoi str
dung phuong phap ban dinh luong dé danh gia cAp do rui ro ddi voi cac mdi nguy lién quan
qua trinh cap nudc sinh hoat ving ven do thi Pleiku, tinh Gia Lai, thugc viung Tay Nguyén
cia Viét Nam. Két qua kiém tra mau nudc trong phong thi nghiém da cho thdy rang chat
luong nudce cap sinh hoat tai cac x3 ving ven kha t6t va phu hop véi viée sir dung cip nudc.
Tuy nhién, mau nudc tai vi tri G1-01 (Lang Nhao 1, xa Ia Kénh) c6 ham lugng coliform
vuot qua quy chuan nude sinh hoat QCVN 01-1:2018/BYT (> 3 CFU/100mL). Pong thoi,
két qua di xac dinh dugc mot s mdi nguy quan trong lién quan dén qua trinh cap nudc sinh
hoat, trong d6 gom hai mbi nguy o cap do rui ro cao lién quan dén cac hoat dong nong
nghiép (chan nudi) va sau moi nguy véi cap do rui ro trung binh. Cac mdi nguy nay da dugc
xem xét uu tién dé xuat cac bién phap dé giai thiéu cip do rui ro.

T khoa: Danh gid rii ro; Rui ro vi sinh; Cép nudce sinh hoat; Vung ven do thi.

1. Mé dau

Nude cdp va vé sinh 1a cac dich vu co ban, dong vai tro thiét yéu trong cudc song hang
ngay bdi vi nod gitip duy tri cudc séng cua con nguoi. Trong do, qua trinh tiép can ngudn nudc
sach cho cac muc dich sinh hoat va dn udng ngay cang dugc quan tdm [1]. Viée ddp ing nude
sach va v¢ sinh co ban phai dam bao mot cach day du, an toan va tién loi, diéu nay giup cai
thién chat lugng cudc song. Mot nd lyc nén duge thyc hién dé dat duoc ‘muc tiéu cung cap
nudc an toan trong thuc té [2-3] Nguoc lai, viéc khong dugc dap Gmg vé nudc hop vé sinh
va vé sinh moi truong s& gy ra cac loai bénh lién quan téi nude cho cong dong dan cu, va
dic biét 1a nhitg nguoi nghéo. Theo cac sb liéu thong ké, nhimng bénh tiéu chay lién quan
to1 diéu kién vé sinh kém, chat luong nudc 'khong dam bao dé gay ra 1,73 triéu nguoi chét
mdi ndm trén thé gisi [4]. Ngoai ra, theo thng ké cua TH chirc Y té thé gidi (WHO) va Quy
nhi dong Lién hiép quoc (UNICEF) hién c6 khoang 663 triéu ngudi khong duge tiép can cac
nguon nudc uong [5].

Tai Viét Nam, da c6 nhiéu cong trinh cong bd bénh tat bi gy ra boi nguén nude 6 nhiém
va kém chat luong. Nghién ctru ctia du an sang kién vé sinh cho thiy rang nhitng bénh lién
quan ti nudc cap va vé sinh gay ton hai, tac dong kinh té hang nam khoang 265 triéu USD
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¢ Viét Nam [6]. Viéc giam nhe tinh trang bénh tiéu chay co thé dat duoc thong qua viéc str
dung cac cong trinh vé sinh hodc nudc cip duoc cai thién, ching han nhu giéng nuge duge
bao v¢ hodc nha vé sinh dugc cai thién. Loi ich strc khoe bi han ché vi nhitng ngudn nudc
uong nay c6 thé bi nhidém ban vi khuan va diéu kién v¢ sinh co ban khong dam bao cho cong
ddng [7]. Thém vao do, strc khoe cong dong chu yéu dat dugc thong qua viéc cung cap nguodn
nude duge bao vé, thiic day thuc hanh vé sinh va xir 1y nudc cap an toan [2]. TAt ca cac van
dé trén dat ra cau hoi “Nhiing gi ching ta ¢6 thé thuc hién dé ngin ngira chung?”. Trong bdi
canh do, ké hoach cap nuéc an toan (WSP) duoc gidi thiéu dau tién boi WHO trong bao céo
huéng dan chét luong nude udng [8] va ké hoach an toan vé sinh (SSP), hudng dan sir dung
an toan va xur Iy nudc thai-da duwoc WHO cong bd nim 2015 dé ap dung vao thyc té [9].
Déng thoi, SSP ¢6 thé duoc ap dung cho tat ca cac hé thong vé sinh nham dam bao céac hé
thong dugc quan ly va dap tmg cac muc tiéu sirc khoe. Nhin chung, mirc d6 an toan nudce cap
dwa trén co s¢ cua sy danh gia va kiém soat rui ro tir cac ngudn cép cho toi nguoi sir dung
nuge [10]. K& hoach an toan cap nudc ngay cang dugc chu trong, mé rong va tiép can theo
huong tong hop nham cai thién cac cap d an toan vé strc khoe [11]. T6 chirc WHO da déra
khuyén céo giai phap tiép can ké hoach cap nudc an toan va dugc st dung ¢ nhiéu qubc gia
khac nhau. Xuit phat tir 46, c6 nhiéu nghién ctru ap dung phuong phap ma tran danh gia rui
ro trong qué trinh dam bao an toan cap nudce cho cac khu vue nong thon [11]. Co thé thay,
muc dich chinh cua viéc trlen khai WSP va SSP nhim dam bao rang viéc cap nudc va vé sinh
hop vé sinh, an toan va dé tiép can. Budc quan trong trong cac ké hoach trén 1a viéc ap dung
cac hinh thure quan ly rdi ro dua trén kién thire khoa hoc va duogc hd tro boi viée kiém soat
rti ro thich hop. Van dé quan trong phai quan 1y rti ro mot cach hé thong va toan dién, phai
bao gdm toan bd hé thdng cip nudc va vé sinh [2, 12]. Xem xét tinh hinh thyuc tién & Tay
Nguyén ndi chung, tinh Gia Lai n6i riéng hoat dong cap nudc khu vyc nong thon va ven do
thi van con nhiéu han ché [13-14]. Trong do, budc dau cho thay hé théng phan ph01 va clp
nudc tiém chira nhiéu nguy co nhiém ban, gdy anh hudng xau den sttc khoe cong dong. Do
vay nghién ctru nay nham muc dich danh gi4 hién trang nuoc cép va rii ro sinh hoc tai ving
ven d6 thi khu vuc Tay Nguyén—trudng hop & thanh phé Pleiku, tinh Gia Lai dé xac dinh cac
van d¢, nguyén nhan va giai phap cai thién. Qua d6, muc dich cudi ciing gop phéan cai thién
hién trang cAp nudc va an toan sirc khoe cho cac ho gia dinh ven do ¢ khu vuc nghién ciru.

2. Phwong phap nghién ciru

2.1. Poi twong nghién ciru

béi tuong nghién ctiru bao gém hién trang chét lugng nudce sinh hoat va van dé rui ro c?ip
nude an toan tai cac xa ven do thi khu vue Tay Nguyén gom céc x4 Ia Kénh, Bién H6 va Chu
A ¢ thanh phd Pleiku, tinh Gia Lai (Bang 1).

Bang 1. Bic diém ddi tugng va khu vuc nghién ciru.

S6 lwgng miu

Khu vue ~ - Thoi gian Diéu kién lay mau
Pa chi tiéu Coliform tong E. coli
la Kénh 2 5 N .
L Mua kho Nang nhe,
Bién HO 2 5
. (11/2020) T =22-25°C
Chu A 2 5

Lién quan khu vuc nghién ctru, thanh phd Pleiku (tinh Gia Lai) ndm ¢ toa do dia ly
13.9717° vi d6 bac va 108.0152° kinh d6 déng, thudc ving Tay Nguyén. Déc diém dan cu
dbi twong nghién ctru thude 3 ’xd ven do thanh phé Pleiku, trong do chu yéu gdm cong dong
dan toc Jrai va Bahnar. Doi song kinh té khé khan, sinh ké dua vao néng nghiép, hién trang
cép nudc va vé sinh khu vuc chua dugc chu trong. V& khi hau, thanh phé Pleiku thudc vung
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khi hau nhiét d6i gi6 mua, c6 2 mua rd rét: mua mua kéo dai tir thang 5 dén thang 11 va mua
kho bat dau tir thang 12 dén thang 4 nam sau. Nhiét d6 trung binh ndm dao dong trong khoang
gia tri tur 21,4 dén 25,5°C.

2.2. Phwong phap nghién ciru

2.2.1. Phuong phap tham khao, tong hop tai liéu

Dé tai tong hop cac ngudn tai lidu, thong tin lién quan dén hé théng cap nudc sach nong
thon. Ngudn tai liéu cua cac co quan quan 1y cip nudc sach ndng thon nhu Trung tim Nude
sach va V¢ sinh moi truong nong thon, S& Nong nghiép & PTNT tinh Gia Lai. Nghién ctru
tham khao cac quy dinh va huong dan do cac co quan c6 thim quyén nhu B Y te Té chic
Y té thé giéi (WHO) ban hanh. Dua vao céac dit liéu thu thap, phan tich sau vé hién trang
duoc thuc hién dé hiéu mot cach déy du cac van dé hién trang cép nude sinh hoat va mure d6
rtii ro strc khoe. Piéu nay giup xac dinh nguyén nhan va tac dong dén doi sdng ctia nguoi dan
tai khu vuc ven d6 thi thanh phé Pleiku.

2.2.2. Phuong phap khao sat thyc dia va phong van

Nghién ctru tién hanh khao sat thuc dja va phong van dudi hinh thirc trao di truc tiép
va ghi nhan y kién. Qua trinh phong van thudc cac ho dan khu vuc ven d6 thi cac xa la Kénh,
Bién H6 va Chu A. Thong qua bang hoi duoc thiét ké dé thu nhan dénh gia cam nhan cia
ngudi dan vé hién trang, kho khin, thach thirc, v.v.. lién quan dén hién trang chét luong va
hoat dong cép nudc.

2.2.3. Phuong phap 1dy mau va phan tich chat lugng nudc

Thoi gian va vi tri 1y mau: D¢ tai tién hanh hanh 1dy mau nudc tai cac giéng nudc cap
sinh hoat khu vuc nong thon trén dia ban ven d6 thi thanh phd Pleiku, tinh Gia Lai (Hinh 1).
Phuong phap xac dinh cac vi tri 1dy mau duoc cin ctr da trén sy phan bd dan cu va qua trinh
khao sat thuc dia dé lra chon nhirng hd dan c6 sir dung ngudn nude giéng cho cac muc dich
sinh hoat va an udng. Tuy nhién, do nhiing han ché vé kinh phi va thoi gian nén trong pham
vi nghién ctru chi thue hién voi s6 lwong mau nhu sau: Thu thap tong s6 6 mau da chi tidu (2
mau/xa*3 x4) va 15 mau nudc sinh hoat tai khu vuc 3 xa (5 mau/xa*3 xa = 15 mau nudc
giéng sinh hoat) (Bang 2). Thoi gian ldy mau nudc cap duoc thyc hién vao mua khd — trong
tuan thang 11 ndm 2020.

Quy trinh 1ay mau va phén tich: Phuong thirc 14y mau tuan thi theo hudng din 1y mau
nuéc TCVN 6663-11:2011. Sau khi liy, mau dugc bao quan van chuyén dén Trung tam
Cong ngh¢ va Quan ly Tai nguyén Mo6i truong, Dai hoc Nong Lam TP. Hb Chi Minh dé phan
tich. Cac thdng s6 chat lugng nudc duge phan tich theo phuong phap chuan TCVN va APHA,
2012 (Bang 3).

Cac chi tiéu phan tich: Nghién ctru tién hanh do dac va phan tich cac thong s6 chat lugng
nude gdbm: Mau sic, Mui vi, pH, Do duc, Amoni, Sat tong, Chi s6 Pecmanganat, D9 cimg,
Clorua, Florua, Asen, Coliform va E. coli.

Bang 2. M0 ta vi tri cac diem lay mau nudce.

TT Dia chi Vi d Kinh dd Dic diém

G1-01 Lang Nhao 1 — X4 la kénh 13,9213 107,9989 H = 30m, ngudn cap 6n dinh
G1-02 Lang Nhao 2 — X4 la kénh 13,9249 108,0007 H = 34m, ngudn cip én dinh
G1-03 Lang Nhao 2 — X4 la kénh 13,9230 108,0029 H = 40m, ngudn cip én dinh
G1-04 Lang Nhao 1 — X4 la kénh 13,9233 107,9992 H = 43m, ngudn cip én dinh

G1-05 Lang Nhao 1 — X4 la kénh 13,9187 108,0028 H = 34m, ngudn cip én dinh
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TT Dia chi Vi dd Kinh dj Pic diém
G2-01 Lang Chuet — Xa Chu A 13,9695 108,0550 H = 30m, ngudn cap 6n dinh
G2-02 Lang Chuet — Xa Chu A 13,9668 108,0554 H = 30m, ngudn cap 6n dinh
G2-03 Lang la Tung — Xa Chu A 13,9672 108,0632 H = 60m, ngudn cép on dinh
G2-04 Lang la Tung — Xa Chu A 13,9676 108,0665 H = 57m, ngudn cép on dinh
G2-05 Lang Chuet — Xa Chu A 13,9704 108,0553 H = 26m, ngudn cép on dinh
G3-01 Thon 4 — Xa Bién HO 14,0431 108,0119 H = 38m, ngudn cép on dinh
G3-02 Thon 4 — Xa Bién HO 14,0372 108,0121 H = 32m, ngudn cép on dinh
G3-03 Lang Phung — Xa Bién Ho 14,0331 108,0110 H = 39m, ngudn cép on dinh
G3-04 Thén 1 — X4 Bién HO 14,0291 108,0107 H = 30m, ngudn cap 6n dinh
G3-05 Lang Phung — X4 Bién Hb 14,0293 108,0206 H = 43m, ngudn cip 6n dinh
‘GB—01
$3-01 (A\
$3-02 £ o &
3-03 ;33-02
;33-04 ‘33—05
XaBiénHd ;
4 .(33—03
0 £ X Bién H3
;52—05
= 92701
? H p2-04
' ThanhPhd Pleiku G202 08 $2-02 ey
| e20mgy Y
XaChu A .
XaChu A
.G1—02
&1-04 S1-03 ,
3 ‘G1-01
‘391—0_2
e Il
Xé laKénh Cha Giai §1-05
Y 1 2kmoc o Diém lay mau nudc 0 300 600m §
_— ) Xa laKénh
Hinh 1. Ban d6 khu vuc 1ay mau.
Bang 3. Phuong phéap phén tich chit lvong nude.
TT Théng sb Don vi Hwéng din phan tich
1 Mau sit TCU SMEWW 2120 C:2002
2 Mui vi - SMEWW 2150 B:2002
3 pH - TCVN 6492:2011
4 Do duc NTU SMEWW 2130 B:2002
5 Amoni mg/l SMEWW 4500-NH3 F:2012
6 Sit tong mg/l TCVN 6177:1996
7 Pecmanganat mg/l TCVN 6186:1996
8 Do cimg (CaCOs) mg/I TCVN 6224:1996
9 Florua mg/l TCVN 6195:1996
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10 Clorua mg/I SMEWW 4500-F D:2012
11 Asen mg/I TCVN 6626:2000

12 Coliform CFU/100mL  TCVN 6187-2:1996

13 E. coli CFU/100mL  TCVN 6187-2:1996

2.2.4. Phuwong phap danh gia rii ro

Sy phan tich cac mdi nguy dong gop y nghia vao viéc giam thiéu cac rii ro nghiém trong
trong qua trinh st dung nguén nude. Qua trinh &p dung danh gia an toan nudc cap sinh hoat
dua trén phuong phap xay dung ma tran rui ro da dugc st dung boi cac nghién ctru trude day
[11, 15]. Trong nghién ctru nay su dung phuong phap ban dinh luong (semi—quantitative
method) dé dénh gia rui ro. bay la phuong phap don gian trong danh gia rui ro va phu hop
v6i viéc danh gia hé thong cap nudc nhé. Sau khi xac dinh cac mbi nguy va cac sy kién nguy
hiém, danh gia mirc do rui ro 1a budc quan trong dé uu tién quan ly rui ro. Cy thé, kha nang
xay ra va muc d¢ nghiém trong cua héu qua cua cac méi nguy va cac su kién nguy hiém can
dugc danh gia. Can ctr cac huéng dan cia WHO vé chat lugng nude [16] va ké hoach an toan
nude [15] khuyén nghi sir dung ma tran dua trén kha ning va mirc 46 nghiém trong ctia hau
quéa dé danh gia rui ro (Bang 4-5). Trong d6, dua vao két qua diém sb riii ro, nghién ciru phan
hang rui ro theo cac cap d6 1an luot: Thap < Trung binh < Cao < Rét cao.

Bing 4. Ma trn xAc suat xdy ra va mirc do nghiém trong [15].

Mikce d§ nghiém trong

XAac sut xay ra Khong dang . Nghiém R4t nghiém trong
, Nho (2) Trung binh (3)
ké (1) trong (4) 5)

Gan nhu chéc chén (5) 5 10 15

Rét c6 thé xay ra (4) 4 12

C6 thé xay ra (3) 3

it xay ra (2) 2

Hiém khi xay ra (1) 1

Bang 5. Phan hang rui ro [15].

Piém sb rii ro = (Xac suat xay ra) x (Mirc dd nghiém trong)
Diém s6 rui ro <6 10-15
Phan hang rui ro Thap Cao

2.2.5. Phuong phap thong ké va danh gia s6 lidu

Céc s6 liéu duoc tinh toan gém gia tri trung binh (Mean), d¢ 1éch chuén (SD). Thong )
két qua phan tich chat luong nuéc duoc so sanh, danh gia voi Quy chuan k¥ thuat quc gia
chat lugng nude sinh hoat do By Y té ban hanh (QCVN 01-1: :2018/BYT). Qua trinh xur 1y s0
lidu, kiém dinh ANOVA tim kiém sy khac biét trung binh mau nghién ctru st dung phan
mém thong ké SPSS 13.0 véi mirc y nghia o = 0,05.

3. Két qua va thao luin

3.1. Hién trang chat luwong nuoc sinh hoat khu vue ven do thi

Viéc xem xét chinh x4c va toan dién thyc trang chét luong nudc néi chung va nude cép
noi riéng doi hoi ap dung cac cong cu thich hop [17]. Van d€ pho bién anh hudng dén chat
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lwong ngudn nudc cip & cac nudc dang phat trién thuong do hé théng phan phdi, cung cap
nude [18]. Trong nghién ciru nay, Bang 6 trinh bay két qua phan tich hién trang chét lugng
nudc sinh hoat tai vung ven do thi TP. Pleiku. Trong d6, cac chi tiéu cam quan nhu mau, mui
dat quy chuén va khong c6 bét ky dau liéu la hay bat thuong nao. Tri sb pH dao dong trong
khoang 6,36+0,34 dén 6,54+0,57 va thudc trong gioi han 6,0-8,5 cua quy chuén nudc sinh
hoat QCVN 01-1:2018/BYT. Nhin chung, nguon nuéc st dung muc dich sinh hoat, dac biét
cho dn udng rat quan trong béi 18 vai tro va nhitng tac dong truc tiép 1én stc khoe con nguoi
[19-20]. Nude sach 1a nhu cau khong thé thiéu ctia doi séng sinh hoat va dang trd nén birc
thiét trude yéu cau bao vé suc khoé, cai thién diéu kién séng nguoi dan, dac bi¢t vung nong
thon [17, 21]. Cac doc td trong ngudn nude cap bi nhiém ban 1 nguyén nhan gay ra rii ro
bénh tat anh huéng dén stc khoe [22]. Tuy nhién, két qua nghién ctru cho thdy ham lugng
amoni thap vé6i dao  dong 0,13+0,02 dén 0,21+0,02 mg/l va nho hon ngudng cho phep (< 0,3
mg/l) theo quy chuan cdp nudc sinh hoat. So sanh két qua amoni tai khu vuc cac xa la Kénh,
Chu A va Bién Ho ¢6 sy khéc biét ¢6 ¥ nghia thong ké (F = 18,375; p < 0,05). Trong d6, ham
luong amoni tai khu vuc cac xa ¢ gia tri 1an luot theo thir ty Bién HO (0,13+0,02 mg/l) < Ia
kénh (0,16+0,01 mg/l) < Chu A (0,2120,02 mg/l) (p < 0,05). Tuong tu, d6i v&i ham luong
sat, do cling, pecmanganat, florua, clorua déu thap hon nhiéu lan so voi ngudng an toan. Tuy
nhién, két qua kiém dinh ANOVA cho thdy chi c6 su khac biét cac vi tri iy miu phan tich
dbi véi ham luong sat trong nguon nuoc sinh hoat ¢ Pleiku (F = 21,333, p <0 ,05). Ham
luong sat tong tai x4 Bién HO c6 két qua cao hon so v4i cac mau quan trac & khu vuc X3 la
kénh, Chu A va trung binh dat 0,14+0,01 mg/1. Ngoai ra, ddi vai két qué phan tich ham lugng
asen chua thay ddu hiéu nhiém ban (< LOD = 0,0001 mg/l) va nguy co gay hai sirc khoe cong
dong (Bang 6).

Bang 6. Hién trang chét lugng nudce sinh hoat tai TP. Pleiku.

. Pon Trung binh (Mean) + D9 1éch chuén (SD) QCVN 01-
TT Thong so - —
vi IA Kénh Chuw A Bien Ho 1:2018/BYT
1 Mausic TCU  Khong mau Khéng mau Khéng mau 15
R v R v R v Khong mui, vi
2  Muivi - Khong mui Khong mui Khdng mui |
a
3 pH - 6,36+0,342 6,45+0,232 6,540,572 6,0-8,5
4 Do duc NTU 0.0£0.0 0.0+0.0 0.0£0.0 2
5  Amoni (N-NHs") mg/I 0,16+0,01° 0,21+0,02° 0,13+0,022 0,3
6  Sittdng sd mgl/| 0,060,022 0,14+0,01° 0,060,012 0,3
7 Pecmanganat mg/l 0,53+0,252 0,63+0,25% 0,470,152 2
Do cing tinh theo
8 mg/I 2,3340,58? 3,67+1,152 4,00+1,002 300
CaCOs;
9  Florua mg/I <LOD=0,05 <LOD=0,05 <LOD=0,05 1,5
10 Clorua mg/I 2,07+0,35? 2,77+0,38? 2,30+0,362 250
<LOD = <LOD = <LOD =
11 Asen mg/l 0,01
0,0001 0,0001 0,0001

Chu thich: &5 Cdc gid tri trong cing cét chi can ¢é mot 1 méu tw giong nhau sé khong khdc nhau (p>0,05).

Bang 7. Ham lugng vi sinh nudc sinh hoat tai TP. Pleiku.

Coliform téng QCVN 01- E. coli QCVN 01-

Pia diém
(CFU/100 mL) 1:2018/BYT (CFU/100mL) 1:2018/BYT
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X4 1A Kénh 2,442 3 <3 KPH <1
G1-01 6,1+6,0 <3 KPH <1
G1-02 2,4+0,7b¢ <3 KPH <1
G1-03 0,5+0,8% <3 KPH <1
G1-04 2,6+0,5 <3 KPH <1
G1-05 0,6+1,0% <3 KPH <1

X4 Chu A 1,5+0,4 <3 KPH <1
G2-01 1,3+1,12 <3 KPH <1
G2-02 1,3+1,12 <3 KPH <1
G2-03 0,6+1,02 <3 KPH <1
G2-04 2,1+0,32 <3 KPH <1
G2-05 2,2+0,3? <3 KPH <1

X4 Bién H 1,3+0,3 <3 KPH <1
G3-01 2,5+0,5° <3 KPH <1
G3-02 0,4+0,6% <3 KPH <1
G3-03 1,3+1,1bc <3 KPH <1
G3-04 1,5+1,3bc <3 KPH <1
G3-05 0,6+1,0% <3 KPH <1

Chu thich: &< Cdc gid tri trong ciing cét chi can ¢é mot 1 mau tir giong nhau sé khong khdc nhau (p>0,05).

Bang 7 chi ra ham lugng coliform quan tric tai Ia Kénh c6 sy khéac biét c6 ¥ nghia thong
ké gitta cac vi tri 1ay mau G1-01 (6,1+6,0 CFU/100mL) véi G1-03 (0,5+0,8 CFU/100mL)
va G1-05 (0,6+1,0 CFU/100mL) (p<0,05). Twong tu, tai khu vuc Bién Ho ciing chi ra ¢ su
khac biét co ¥ nghia thong ké gitta cac vi tri G3-01 (2, 5+0,5 CFU/100mL) v6i G3-02
(0,4+0,6 CFU/100mL) va G3-05 (0,6+1,0 CFU/100mL) vé ham luong bién | dong coliform
téng trong nguon nude sinh hoat (p < 0,05). Trong khi, tai cac dlem lay mau ¢ xa Chu A
khong cho thay su khac biét c6 ¥ nghia thong ké gitra cac diém ldy mau quan trac ham luong
coliform tong (p > 0,05). Bdi véi ham luong coliform téng cac xa Ia Kénh, Chu A va Bién
HO6 1an lugt c6 két qua tuong ung 2,4+2,3; 1,5+0,4 va 1,3+0,3 CFU/100mL. So sanh QCVN
01-1:2018/BYT vé chat luong nude sinh hoat dap tmg tiéu chi sir dung (<3 CFU/100mL).
Ngoai ra, két qua kiém dinh ANOVA khéng cho thdy su khac biét giita cic x4 ven db thi
thanh phé Pleiku (F=0,930; p>0,05).

Panh gia chi tiét ddi véi cac diém ldy mau cho thay chi co vi tri G1-01 (Lang Nhao 1,
xd la Kénh) c¢6 ham lugng coliform vugt qua quy chuan nudc sinh hoat voi gia tri 6,1+6,0
CFU/100mL. Do dé, can c6 bién phap khuyén khich nguoi dan tién hanh 4 ap dung giai phap
don gian nhu loc, khur tring va thyc hanh an chin uong s0i,... Tuy nhién, ddi véi cac vi tri ldy
mau danh gié tai thon lang & cac xa Ia Kénh, Chu A va Blen H6 déu co két qua ndm trong
ngudng an toan. Cu thé, bién dong ham lugng coliform tai la Kénh trong khoang 0,5+0,8 dén
2,6+0,5 CFU/100mL; tai Chu A tir 0,6+1,0 dén 2,2+0,3 CFU/100mL; va tai Bién HO tir
0,4+0,6 dén 2,5+0,5 CFU/100mL. C6 thé thay, mat do vi sinh trong ngudn nudc cip tai cac
x4 ven d6 thi thanh phd Pleiku & ngudng thip va an toan trong str dung cho muyc dich sinh
hoat. Mt khac, ddi véi ham lugng E. coli phan tich cdc mau nudc tai khu vye cac xa ven do
thi thanh phé Pleiku chwa phat hién sy nhiém ban phan trong nuéc sinh hoat. Tir @6 cho thay
chét lugng nude con tdt va dap ung viéc sur dung cép sinh hoat cho nguoi dan. Mac du vay,
trén phuong dién phong ngira ciing can nhimg danh gia mirc do rui ro dé 1am co so quan 1y
va bao vé tot hon sirc khoe cong dong [13].

3.2. Phan tich, ddnh gid rii ro vi sinh nuée cdp sinh hoat va dé xudt giai phdp
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banh gia va quan 1y rai ro trong hé thong cap nudce sinh hoat 1a budc quan trong trong
viéc thiét 1ap ké hoach quan 1y an toan cap nudc. ‘bay la cach tiép can c6 tinh toan dién va
mang tinh hé théng dé quan 1y chét luong nude cdp cho cac khu dan cu ndng thon va do thi
[23]. Truong hop céc hé thdng cap nudc d6 thi tai thanh phd Pleiku da dugc ap dung dé danh
gia hé théng va quan 1y cac rui ro lién quan [13]. Dbi v6i ving ven d6 thi Pleiku, dic tinh
ctia ving ven do thi 1a su két hop, giao thoa dic diém cta ving nong thon va vung do thi.
Nghién ctru da tap trung vao cac khu dén cu vung ven do thi str dung cac ngudn nudc ngam
(nuéce giéng) sir dung cap nude cho cac hoat dong sinh hoat, an u6ng. Trong nghién clru nay,
danh gia rai ro dugc thuc hién cho cic budc trong qua trinh cip nude (ngudn nudc, luu trit,
xu 1y, st dung) [24]. Theo khao sat 169 h¢ gia dinh tai 3 x& thudc ving ven d6 thi Pleiku cho
thiy 164 ho st dung nudc gleng 1am ngudn nudc cap sinh hoat. Trong do, bao gbém 154 ho
gia dinh (93,9%) st dung giéng dao va 10 ho sir dung giéng khoan (6,1%). Vi vay viéc quan
1y ngudn nude giéng mot cach hop 1y 1 budc quan trong nhat trong viéc cap nude sinh hoat.
Tiép theo budc luu trix, theo khao sat ngudi dan khu vyuc nay thuong sir dung bon trir nudc
khoang 1,5 — 2 m®. Pay 13 noi ma cac tac nhan gay 6 nhiém bén ngoai c6 thé gay ra 6 nhiém
ngudn nudc trong qué trinh luu trit va sir dung. Vé phuong phap xt Iy nudc, hau hét cac ho
gia dinh chi thyc hanh thao tac dun s6i trude khi st dung (99,5%). Trén co s¢ d6, Bang 8 thé
hién két qua tong hop y kién chuyén gia xac dinh mdi nguy va dénh gia muc do rui ro khu
vuc ven do thi Pleiku.

Bang 8. Xac dinh mdi nguy va muc d6 rii ro nude cap sinh hoat.

. Loai Xac Mirc do i
. Y kién Ty 18 . . . Cap ad
TT  Sw kién moéi nguy moi suat xay  nghiém ‘
(n) (%) rai ro
nguy ra trong
Ngudn nuéc
Hoat dong chan nudi xung ]
Sinh

quanh ngudn nuéc (nudc

1 . . . ) 5/5 100 hoc 5 3 Cao (15)
thai va chat thai c6 thé xam
nhép nudc ngam)

Nudc thai va chit thai tir

) Sinh Trung
2  nha v€ sinh xung quanh 5/5 100 2 3 R
. hoc binh (6)
khu vue nguon nudc
St dung phéan bon, thude )
Sinh Trung
3  trir sau xung quanh khu 4/5 80 2 3 R
N ) hoc binh (6)
vuc nguon nudc
. Sinh Trung
4 Chay tran bé mat 5/5 100 2 3 N
hoc binh (6)
Luu triv
Vé sinh duong 6ng va bé Sinh Trung
5 5/5 100 2 3 N
chira kém hoc binh (6)
An mon, ro ri dudng éng Sinh ,
6 N 4/5 80 1 2 Thap (2)
dan nudc hoc
X Sinh Trung
7 Nhiém ban tir nudc mua 5/5 100 2 3

hoc binh (6)
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. Loai Xéac Mikrc do .
. Y kien Ty lé ) . n Cap do
TT  Sw kién moi nguy moi suat xdy  nghiém
(n) (%) rii ro
nguy ra trong
Nhiém ban phan tir dong Sinh
In
8  vat nudi (moi truong xung 5/5 100 h 5 3 Cao (15)
oc
quanh) ’
o ) Sinh Trung
9  Luu trir nude thoi gian dai 4/5 80 2 3 R
hoc binh (6)
Xir ly — Sir dung
Thao tac vé sinh, xtr 1y so Sinh ,
10 5/5 100 1 2 Thap (2)
bd nudc khong dam bao hoc
Nhiém bén, xam nhép vi Sinh
in .
11  sinh tir khong khi va nuéc 5/5 100 n 2 2 Thap (4)
oc

mua

Qua trinh khao sat phan 16n cac hd dan ving ven d thi Pleiku déu c6 cac hoat dong
ndng nghi¢p (trong trot, chan nudi) quanh khu vuc nha 6 va ngudn nude (146 ho, twong mg
89,0%), dicu nay chi ra rang viéc mot s0 m01 nguy tiém tang c6 muirc do rui ro cao. Khong
nhimg vay, su két hop anh hudng tur yéu t6 lugng mua ciing co the dan dén sy nhiém ban vi
sinh va chat luong cac nguon nude mat [25]. Nhin chung, ngudn nudc va bon trix nude co
thé bi tac dong va nhiém ban phan tir cac dong vat nudi (ga, vit, cho, meo, bo). Cac mdi nguy
nay c6 thé dién ra hang ngay va dan dén nguy co lam nudc bi nhiém ban vi sinh. Dleu nay s€
gay ra nguy co ting rui ro, anh hudng truc tiép dén strc khoé ngudi dan (mdi nguy s6 1,4 8)
Ngoai ra cac hoat dong trong trot Xung quanh ciing c6 thé tac dong to1 ngudn nudc ngdm
nong vi du lugng cua phan bon, thudc trir sdu chay thim xuéng mach nudc ngam [26]. Méi
nguy nay dac biét co thé xdy ra vao mua mua hodc sau nhiing dot mua lén tao dong chay
ngim xudng mach nude ngdm (mdi nguy sd 3).

Bang 9. Cac bién phap kiém soat rui ro.

Céac moi nguy

Dé xuit giai phap

Cac bén tham gia

Tat ca cac moi

nguy

3,4

18

Tap huan cach thirc vé sinh méi truong va bao vé
ngudn nudc, st dung nudc an toan hgp; xir ly nude

ding céch, thyc hanh dun séi trudce khi st dung

Tap huén cach thic sir dung phan bon hiéu qua gin
lién bao vé modi truong (lya chon phit hop chung loai,

lidu lwong, thoi gian, khoang cach...)

Ngin ngira chin tha gia stc, dong vat gan khu vuc
ngudn nude sinh hoat bang viée sir dung cac bién phap
dé rao, chin khu vyc giéng nude s dung, dam bao
khong dé cac ngudn nude thai, chit thai tir dong vat,

hodc cac ngudn khac xam nhap

bam bao khoang cach vé nha v¢ sinh vdi ngudn nudc,

df‘)ng thoi stra chita, hoac thai bé dung quy dinh

H¢ dan; Can bd moi truong xa;
Phong Tai nguyén & Moi truong
thanh ph
H¢ dan; Can b nong nghiép xa;
Phong Noéng nghi¢p & PTNT
thanh ph

H6 dan; Trung tim Y té du
phong x&; Can b néng nghiép
xa

HO dan; Trung tdm Y té du
phong xa; Phong Nong nghiép &
PTNT thanh phé
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Cic mdi nguy Pé xuit giai phap Céc bén tham gia
5610 Vé sinh tnuc‘yng xuyén duong 6ng, bon, bé chira, dung HO dan; Trung tam Y té du
cu dun nau bép phong xa
56 Kiém tra, stra chita néu gap su ¢b 10 1i, bé duong 6ng Ho dan; Trung tdm Y té du

dan nudc phong xa

< . . . Tang cuodng cic quy dinh vé cong tac bdo vé nguon HO dan; Can by mdi truong xa;
Tat ca cac moi

nguy

nudc, vé sinh moi trudng quanh khu vyc song, ddc biét  Phong Tai nguyén & Moi truong

khu vire ngudn nude sir dung thanh ph

C6 thé thiy, ngudn nude ngdm tir giéng dao cac khu vuc ving ven d thi thuong quan
tam dén cc van dé nhidm ban kim loai (sit, mangan, asen) va vi sinh [27-28]. Theo két qua
kiém tra chat lugng nudc, rui ro vi sinh (sinh hoc) can dugc quan tdm trong cac khu vuc ven
do thi Pleiku. Vi vay, nghién ctru xem x¢ét chu trong cong tac danh gla va quan ly rui ro mot
s6 khia canh vi sinh quan trong nguon nuéc cap (Bang 9). Cu thé, v6i cac mdi nguy co murc
do rui ro cao can duoc uvu tién de xudt giai phap quan ly kip thoi (mdi nguy 1,8). Cac mdi
nguy c6 cap do rui ro trung binh can thuc hién cai tién cac bién phap hién hiru va dé xuat cac
giai phap méi dé dam bao cip d6 rui ro duoc kiém soat mirc thap nhat (vi du: mdi nguy
2,3,4,7). Déi voi cac m01 nguy ¢6 murc do rui ro thap chi thuc hién viéc nhan dién dé quan ly
i ro trong cac bude cap nudc (rn01 nguy 6,10,11). Nhu Vay, viéc nhan di¢n cdc moéi nguy
va danh gia rui ro lién quan dén cip nude rat quan trong, giup cai thién va bao vé stre khoé
cong dong [29] Tuy nhién dé nguoi dan nhan dién, hiéu rd cic mdi nguy va cap do rui ro,
viéc tap huén vé sinh, an toan cip nudc can dugc thyc hién dinh ky boi cac co quan nhu: S¢
Y té, Trung tam nude sach & V¢ sinh moi truong ndng thon va S¢ Tai nguyén & Moi truong,
v.v.. [14]. Pong thoi viée tap huan sir dung phan bon, thude trir sdu phuc vu nong nghiép can
dugc tién hanh ciing nhu thai bo cc loai bao bi, chat thai dung quy dinh. D& dat hiéu qua,
cac co quan chire nang can nghién ctru ban hanh céac quy dinh hodc huéng dan vé cong tac
bao vé ngudn nudc, vé sinh moi truong. Thém vao do, can ngan ngura dong vat nuodi tiép xtic
nguon nude bang viée thiét 1ap hang rao an toan, che chan tranh tinh trang chit thai di vao
ngudn nudc va dam bao khoang cach nha vé sinh hop ly dé bao vé ngudn nudc sinh hoat.
Ngoai ra, hoat dong kiém tra stra chita duong 6ng, thiét bi dan nuéc, dung cu luu trit nude va
su chung tay cac bén lién quan dén giai phap bao vé hé théng cap nudc sinh hoat ciing can
dugc chu trong [12, 14].

4. Két luan

Cap nudc sinh hoat an toan 1a quan trong trong viéc duy tri cudc song, vi vay két qua
danh gia va quan ly rti ro do vi sinh lién quan den cap nudc sinh hoat dé phong ngua bénh
tat va dam bao strc khoé cong dong dan cu rat can thlet Vé két qua chat luong mau nudc cap
sinh hoat tai Vung ven do thi thanh pho Pleiku kh4 tdt, tuy nhién trong qua trinh cap nude co
nh1eu mdi nguy co thé tac dong dén chat lu’orng nudce, dac biét 1a cac hoat dong chan nudi va
trdng trot Xung quanh khu vuc ngudn nudc. Két qua nghién ctru da xac dinh va phan hang
duoc cac nhom cap do rui ro li€n quan dén nudc sinh hoat voi dic thu khu vuc ven d6 thi ¢
thanh phd Pleiku (tlnh Gia Lai), khu vuc Tay Nguyen Trong do, bao gom 2 moi nguy ¢ cap
do rui ro cao, 6 moi nguy trung binh va 3 moi nguy rii ro thap. Do do, can thuc hién viéc
tang cuong nhén thic cua ngudi dan vé cac mdi nguy lién quan, thyuc hién tét cong tac vé
sinh mo1 tru:ong quanh khu vuc ngudn nudc. Cong tac bao tri bao duong va v¢ sinh duong
ong, bon trit nudc can thyc hién thuong Xuyén dé ngan ngua cac moi nguy tlem tang biéu
nay giup bao vé suc kho¢ cong ddng dan cu va an toan trong sir dung nude cip ving ven do
thi tai thanh phd Pleiku, tinh Gia Lai, Viét Nam.

Pong gop cua tac gia: Xay dung y tudng: N.T.A., N.M.K.; Lya chon phuong phap nghién
ctru: N.T.A.,, N.M.K., N.N.H.; Khéo sat, 14y mau va phan tich: N.T.A., NM.K_; Xu ly dit
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bdo: N.T.A.,, N.M.K, N.N.H., B.Q.D.
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Assessing the current situation and microbiological risks in
domestic water supply in peri-urban areas: A case study in
Pleiku, Gia Lai Province, Vietnam
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! Nong Lam University of Ho Chi Minh City, Gia Lai Campus;
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Abstract: Assessing and managing risks in domestic water supply systems is an important
step in establishing a water safety plan. The issue of microbiological risks in domestic water
supply is of particular concern to prevent water—borne diseases. This study used an
experimental method of collecting and examining domestic water samples, and also using
a semi—quantitative method to assess the level of risk to hazards associated with the water
supply system in the peri—urban areas in Pleiku city, Gia Lai Province, Central Highlands
of Vietnam. The results of testing water samples in the laboratory showed that the water
quality of domestic water is quite good and suitable for domestic water use. However, the
water sample of G1-01 at Nhao 1 village — la Kenh commune had coliform content
exceeding the standard of domestic water QCVN 01-1:2018/BYT (>3 CFU/100mL). Also,
the results identified a number of important hazards associated with domestic water supply,
including two hazards with high levels of risk related to agricultural (livestock) activities
and six hazards with medium level. These hazards have been determined and given the
priority to propose measures to mitigate the level of risks.

Keywords: Risk assessment; Microbiological risks; Domestic water supply; Peri—urban
areas.
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Tém tit: Bun cat dong mot vai trd quan trong trong duy tri va 6n dinh hinh thai séng. Trong
d6, bun céat day dong gop dang ké vao qua trinh bdi—x0i ciia séng. Cac cong thirc tinh luu
luong bun cat thuong duoc sir dung nhu mot céng cu hitu dung trong nghién ctru vé hinh
thai séng. Tuy nhién, cac cong thirc tinh Iuu lwgng bun céat thuong xay dung cho cac muc
dich ap dung riéng, ap dung gidi han trong mot s6 trudng hop cu thé. Dé trién khai, cac cong
thirc tinh luu lugng bun cat cua Park (2012), Cheng (2002), Meyer—Peter va Mueller (1950),
Einstein—Brown (1950), Yalin (1963) va Van Rijn (2007) da dugc ap dung trong nghién ctru
nay. Két qua cho thiy, cong thirc Park tinh luu lwong bin cét hop 1y dbi véi dit liéu da do
dac. Sai 6 Rmean, RMSE va MAPE lan luot 14 0,75; 0,035 va 10,5% trong khi cac cong thic
khac cac sai s6 ndy tuong timg dao dong trong khoang tir 0,31-0,71; 0,046-0,197 va 16,8
48,6%. Cong thuc Park (2012) duoc xay dung trén co s¢ phén cap kich thudc hat, tir d6 c6
thé khang dinh cach tiép can phan chia kich thudce hat trong tinh toan luu luong bun cét day
dong vai trd quan trong chi phéi két qua.

Tir khéa: Ung suét cit; Bun cat day; Do doc; Kich thudce hat; Luu luong.

1. M& dau

Bun cat day dong mot vai trd quan trong dbi véi viéc duy tri qué trinh can bang va 6n
dinh day ciia mot con séng [1-3]. Do do, viéc tinh toan, dy bao van chuyén bin cét 1a rat
quan trong trong nhiéu du an k¥ thuat lién quan dén séng ngoi [2, 4 6]. Trong cac nghién
ctru ¢6 lién quan bién d6i hinh thai song, cac nha chuyén mén thuong tién hanh do dac cac
dic trung bun cat ngoai hién trudng, tuy nhién, cac chuyén khao sat do dac thu thap cac miu
bun cat ngoai hién truong thuong rat kho khan va ton kém [5, 7-8]. Mot trong nhimng giai
phap hiéu qua c6 thé giup xac dinh Iuu lugng bun cat la ap dung cac cong thie thyc nghiém
va ban thyc nghiém dé xac dinh luu luong. bun cét cia mot con song [3. 5, 9]. Theo nghién
ctru [9], bun cét tdn tai trong mdi truong gan sat day song theo co ché lan, truot, hodc nhay
cdc thi duge xem 12 bun cat day. Mic du bin cat day trong cac con séng mién nii, séng c6
dia hinh day ddc trong mot sb trudng hop chi chiém ti 18 tir 5-25% so véi bun cat lo lung [2,
9-10], tuy nhién chinh bun cat day 1a nhan t& quan trong gitip duy tri thé c4n bang hay mat
can bang dia hinh day song [6, 11]. Chinh vi vay, ké tir nhitng nam 1970, nhiéu nghién ctru
vé chuyén véan bun cét day di duoc tién hanh & cac khu vuc khac nhau trén thé gioi [11-13].

Cu thé, [12] da tién hanh nghién ctru xac dinh luu lvgng bin cat day cho khu vuc song
c6 vét liéu day tho. Nghién ctru da ap dung 12 cong thirc tinh luu lugng bun cat day dé xéac
dinh luu luong bun cét dua trén tiép can chuyén van blin cét can bang cho 4 bd dit liéu do

dac tlr cac con song tu nhién va 3 bd dit liéu do dugc tir kénh thuc nghiém trong phong thi
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nghiém. Céc két qua nghién ctru chi ra rang, trong sd cac cong thirc di 4p dung, khong mot
cong thie nao cho két qua tinh toan dap tng nhu mong doi. Nghién ctru da rat ra nhan dinh
rang, that bai trong nghién ctru nguyén nhan chinh dén tir viéc cac cong thire tinh luu luong
bun cat da 4p dung dugc xdy dung dua trén tiép can chuyén van ma chwa xem xét ban chit
vat Iy cta cac hién twong xay ra trong qua trinh chuyén dong cta hat. [13] da ap dung thu
nghiém mot s6 cong thirc tinh luu lwong bun cat diy cho mot doan séng co d6 dbc day 16n
Rio Cordo. Nghién ctru da chi ra rang, cong thirc Bagnold [12] cho db tin cay cao thdng qua
hé sb twong quan giira két qua tinh toan va thuc do. Nam 2002, [8] da xdy dung mot cong
thirc bun cét day dua trén tiép can tng suét cit toi han dé xac dinh luu luong bun cat cho cac
con song co6 vat liéu day tho. Qua qua trinh nghién ctru, tac gia da bao cao rang, cong thire
cho két qua tinh toan phu hop tt trong moi trudng b bun cat chuyén dong yéu dén chuyén
dong manh. [11] d3 tién hanh do dac luu lugng bin cét tai Las Vegas Wash, mot dong chay
kénh Las Vegas clia bang Nevada, My. Dit liéu do dac nay duoc sir dung dé nghién ciru sy
van chuyén vat liéu ddy bang mot cong thirc ban thuc nghiém xéac dinh tdc d6 van chuyén.
Céc két qua tinh toan chi ra rang, chuyén dong cta bun cat khdng chi phu thudc vao kich
thude hat ma con phu thude vao do sdu dong chay. Cong trinh nghién ctru nay da gop phan
cai thién hiéu biét ciia con nguoi trong nghién ctru cac qua trinh van chuyén bin cét tai cac
lru vue song ¢ vat liéu day song hoa tron nhiéu loai kich thudc khac nhau. Nam 2012, [9]
da st dung 14 chudi dir liéu do dac tir cac con s6ng tu nhién dé udc luong luu luong bun cét
day trong song Node ¢ mién bac Iran. Két qua chi ra rang, cac cong thire Van Rijn, Meyer—
Peter, Mller va Ackers, va White c6 thé ap dung du bao luu lwong bun cat cho khu vuc song
Node. Mot nghién ctru dugc tién hanh boi [1] da danh gia kha nang du béo luu lugng bun cat
day cho mét sé con song thudec An Dg. Cong thirc Brown va Recking da dugc ap dung tinh
toan bun cat day dua trén dit liéu do dac ngoai hién truong. Két qua cho thay, cong thuc
Recking tinh luu luong tét hon cong thire Brown.,

Két qua phan tich nghién ctru cho thay, hau hét cac cong thirc dugce xay dung dua trén
duong kinh hat trung binh (dso) hodc str dung 3 loai kich thudc hat dss, dso va dgs [14-16].
Theo [2, 9, 17-18], cach tiép can chi sir dung kich thudc hat trung binh hay két hop 3 loai
kich thudc hat cho két qua tinh toan chua cao trong mot sb truong hop luu vuc song nghién
ctru c6 kich thudc hat tir cat min dén da cudi. Do d6, muc tiéu cua nghién ctru la a) xac dinh
cong thirc bun cat day thich hop udc tinh luu lugng bun cat cho luu vyc song Yangyang
Namdaechon, Han Quéc va b) str dung cong thirc bun cat duoc lwa chon dé xay dung module
md phong dién bién boi—x6i ddy song cho nghién ctru tiép theo.

2. Phwong phap nghién ciru

2.1. Khu vuc ap dung nghién ciru

Khu vue nghién ctru thude luu vuc song Yangyang Namdaechon (Hinh 1), phia dong
bic Han Qudc, c6 dién tich khoang 128,68 km? trai dai tir 37.6-38.5 vi d6 Bic va 128.3—
129.0 kinh d6 Pong. Khu vuc nghién ctru bit ngudn tir bién gidi phia bac Han Qudc, chay
xudng phia Nam véi chiéu dai séng chinh x4p xi 100 km. Pia hinh khu vyc nghién ciru ¢6
d6 ddc day song dao dong trong khoang tir 1,5 dén 4,3%. Khu vuc nghién ctru ¢6 khi hau 6n
hoa voi mua hang nam trung binh khoang 1400 mm, trong d6 muia mua chiém dén 60% luong
mua nam. Mua trong bao co thé dat dén 392 mm ghi nhan nam 2003, dan dén sat 16 dat va
bun cét trong cac song bao gém cat, s6i va da cudi voi duong kinh hat dso dao dong trong
khoang tir 2,35 dén 34.6 mm va thuong dat ham luong cuc dai khi c6 bdo xay ra trong khu
vuc. Khi dy, tc do dong chay co thé dat 3,4 m/s va luu lwong dong chay khi 4y 1én dén 190
m3/s [2].
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Hinh 1. Ban d6 khu vuc nghién ctu.

2.2. Phwong phdp tién hanh

Trong s6 cac cong thire tinh luu lugng bun cat day hién co, cac nha nghién ctru thuong
tim kiém cong thirc dap tmg mot cach hiéu qua nhat ddi véi cac van dé nghién ctru ciia ho.
Diéu nay khong dé dang vi cac cong thirc bun cat khac nhau khi ap dung cho mét khu vuc s&
cho két qua khac nhau dang ké [13, 18-19]. Vi vdy, nghién ciru ndy da ap dung thir nghiém
cac cong thure tinh bun cat day dua trén kha nang ing dung cua ching cho cac song cé vat
liéu day da dang.

2.2.1. Cong thtc cua Park (2012)

Nam 2012, Park va cong su da xay dung cong thirc ban thuc nghiém xac dinh luu luong
bun cat day dua trén phan cap kich thudc hat tir b s liéu khao sat hién trudng cac luu vuc
song mién ndi ¢ Han Quéc [2]. Y tuong chinh xdy dyng cong thire 4p dung cho cac song
mién nli noi ma vat liéu day khong dong nhat. Cong thic dugc xdy dung nhu sau:
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Trong d6 Qs trong cong thirc (1) 14 tong lu’u lucmg bun cat day (kg/s); qsb trong cong thirc
trong cong thirc (2) 1a luu lugng bun cat ung moi cap kich thudce hat di va g, 1a Iuu lugng bin
cat day khong tha nguyén ung véi cap hat i; g la gia tc trong truong (m/sz) dm la kich
thudc hat bun cét trung binh chiém 50% thanh phan hat min (mm); " 1a Gng suat cat Shields
khong thir nguyén ctia chuyén dong toi han; t 12 ing suét cit day khong thir nguyén; o 12 ty s6
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khong thir nguyén gitta 84% kich thude hat bun cét tho va 16% kich thudce hat bun cat min va
os 1a ty s0 khong thtr nguyén gitra trong luong riéng cta bun cat day va ctua nudc.
d
7, =YHS; 05 = (d84) o =2 (6)
16 Y

Trong d6 H 13 d6 sau nude (M); dm 14 kich thude hat bun cat day (mm); S 1a d6 déc mat
nudc; vs va v 1a trong lugng riéng cuia hat bin cat day va ciia nudc (kg/m3).

2.2.2. Cong thirc cua Cheng (2002)

[8] da gidi thi€u cong thire tinh luu lugng bun cat day va cong thire nay sw dung chi timg
suat cit tuong ty nhu ddi voi cong thue [18]. Cong thire duge danh gia phu hop tot véi cong
thirc tinh bun cat day [18] cho diéu kién chuyén van bun cat 1 yéu va Gmg sut cat nho. Luu
lugng bun cat day dugc xac dinh nhu sau:

3 0.05
a» = 13¢" 2 exp (- 257) @)

Trong d6 qy 12 Iuu luong bun cat day (kg/s), T 1a tham s (mg suat cat khong thir nguyén
Shields.

2.2.3. Cong thtrc cua Meyer—Peter and Mueller (1948)

Mot trong nhitng cong thirc dugc stir dung rong rai trong cac tinh toan luu lugng bun cat
day duogc thé hién trong két qua nghién ctru [15]. Thém vao d6, cdng thirc ciing duge xem 1a
cong cu hiéu qua ap dung tinh luu lugng bun cat day cho cac nghién ciru co ban ciing nhu
cac ing dung k¥ thuat. Céng thirc duoc xay dung nhu sau:

3 3/,
¢ =8 [% (%) 20 _ 0.047] (8)
* __ q
¢ - ©)
Tp _ HS
= had = (10)

Trong d6 qy, 1a Iuu lugng bun cat day (kg/s), g* luu lugng bun céat khong thir nguyén; g la
gia tc trong truong (M/s?); w 13 Iuu luong nude trén mot don vi chiéu rong kénh (m¥/s/m); o’w
13 luu lwong nude trén mot don vi chiéu rong kénh sau khi hi€u chinh cac hiéu tng thanh bén
(m3/s/m); Kp 1a hé s6 nham Manning-Strickler cho ddy kénh; K; 1a hé sé nham Manning—
Strickler lién quan dén ma sat ctia day kénh; t* 14 tmg suat cat khong thir nguyén Shields; 1o 1a
(g suat cat bién dudi diéu kién dong chay chuan va dm 1a duong kinh hat trung binh (mm).

2.2.4. Cong thic caa Einstein (1950)
Cong thirc bun cat day [20] duoc dat tén theo tac gia. Cong thirc dugc xay dung nhur sau:

0391
)

K exp(— .
q* — T T <0.182 (11)
40K t*3 T > 0.182

2 36 36
K = 1’5 + d*3 - 43 (12)

Trong d6 g*1a luu lwong bun cat day (kg/s); T 12 tng suét cat khong thir nguyén Shields;
K 1a hé s6 thuong dugc xac dinh dya trén bang tra va d*1a duong kinh hat bun cat trung binh
(mm).
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2.2.5. Cong thirc cua Yalin (1963)

Cong thirc bun céat day [15] duoc xay dung dua trén tiép cin Gng suat cit. Cong thirc
duoc miéu ta nhu sau:

11
q, = A (% - ]_) pz'[zDS (13)

Trong d6 qc la luvu lugng hat blin cat (kg/s); ps va pr 1a mat do bun cat va nudc (kg/m?);
2 ing suét cit, Ds 12 dudng kinh hat ban cat trung binh (mm); g 1 gia tdc trong truong (m/s?)
va A 1a hé sé duoc xac dinh boi cong thirc (14). Trong khi tham sé B trong cong thirc (14)
duoc xac dinh dua trén cong thic (15).

A=0.635y|1- %log(l + | (14)
B= 2.45£ (15)

Ps 0.4
(5)
2.2.6. Cong thirc cua Rottner (1950)
Rottner da xay dung cong thire tinh luu lugng bun cat day dua trén cac phan tich hoi quy
[9]. Cong thirc dugce viet nhu sau:

v [0_667 (d;(’) +0. 04] - 0.778 (2)? } (16)

1
q = ¥s[(y — DgD?J5 x { T
[(r—1)gD]2

Trong do qq la Iuu lvong bun cat day (kg/s); ys va y la trong lugng riéng cta hat bun cat
day va cta nude (kg/m®); g 1a gia toc trong truong (m/s?); D 1a d6 sau nude (M); V van tde
dong chay (m/s?); dso dudmg kinh hat bun cat trung binh (mm).

Céc cong thirc sau dd duoc chon dé danh gia kha nang tinh luu lwong bn cat trong luu
vuc song Yangyang Namdaechon [2, 8-9, 13, 20]. Quy trinh thuc hién nghién ctru dugc trinh
bay ¢ hinh 2.

2.3. Thu thap dir liéu

Dit liéu do dac thuc dia tai 12 mit cit ngang cua 3 doan séng Wonijeong, Yongtan va
Jinam nhu minh hoa ¢ Hinh 1. Trong d, cac doan song Wonijeong, Yongtan va Jinam cach
luu vye song Yangyang Namdaechon lan luot 14 5 km, 10 km va 15 km 'vé phia ha luu. Cac
dir lidu do dac mot s6 dic trung hinh thai ciia cac doan song tai 12 mit cit ngang va cac mau
bun cét day dugc thé hién ¢ Bang 1.

Bang 1. Cac ddc trung hinh thai song duoc khao sat tai ba doan sdng thuoc khu vuc nghién cuu.

Khoéng cach tir Muc day Do rong Do déc  Puong kinh hat

Vit Mateat  cudi ‘gﬁr‘;g) song (m) kénh (m) kénh (m/m) trung binh (mm)
Mat cat 1 0,0 52 493 0,0008 524
Wonijeong  MaLch 2 13,0 57,5 35.4 0,0130 51,7
Mit cht 3 14,0 65,0 44,7 0,0038 46,2
Mat cht 4 17,0 86,0 70,8 0,0065 56,4
Mit cit 5 19,0 104,6 83,4 0,0092 36,7
Mit cit 6 22,0 128,6 66,0 0,0052 63,7
Yongtan  Mat cht 7 23,0 139,6 62,0 0,0133 73,5
Mat cét 8 24,0 1488 69,5 0,0113 82,1
Mat cét 9 25,0 1587 51,8 0,0154 16,8
S Matcdt 10 26,0 171,5 52,5 0,0170 15,2
Mt cét 11 27,0 180,5 57.4 0,0091 59,3

Miit cit 12 27,2 1834 63,8 0,0141 18,1
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Bén canh céc dac trung hinh thai va duong kinh hat bun cat day dugc thu ﬂ,lflp,‘d@ sau
nude va luu lugng dong chay cling duoc thu thép (Hinh 3) va dudng cong phén bo phan tram
kich thudce hat tai 3 doan song nghién ctru cling dugc phan tich va biéu thi nhu hinh 4.

Dix liéu dau vao
tir cac doan song
J
| T— ) ) ) 1)
ey (2 ) | 2 ) (s . —

L

luomg
néng phin
N
¥ L
DY nhét J Mit 8o
1- Park (2012)

2- Meyer-Peter va Mueller (1950)
3- Einstein-Brown (1950)
4- Yalin (1963)
5- Cheng (2002)
6- van Rijin (2007)
€
Két qua tinh
lr cac cong thirc

N
Dénh gia
mirc @6 phit hop

Chon Iya
cong thirc phit hop

Hinh 2. Biéu &6 minh hoa quy trinh tién hanh nghién ctu.

3.5 3.0
3.0 )5
«/ - b
- 2
g’ 25 ﬂ g 20 /
g 2 annmiB: o#
= A 15
Ss b 2 I /
= 1 S ~
2 10 - /‘
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35
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. —
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05 Q= 0.6395h%31 I
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Luu lrong nude (m3/s)

Hinh 3. Quan hé myc nudc — luu lwong nudce tai a) mat cit sb 3 b) mat cit s6 7 va c) mat cit s 11
thudc Iuu vuc sdng nghién ciru.
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Hinh 4. Buong cong phan bd kich thudc hat bun cat day tai 3 mat cat (s6 3, 7 va sé 11) thudc khu

vuc nghién ctu.

2.4. Phén tich sai sé

31

Bon tham s6 th(f)ng ké gom ty 1€ sai khac trung binh (Rmean), Sai sd toan phuong trung
binh (RMSE) va phan tram sai s6 tuyét doi trung binh (MAPE) duoc sir dung dé xac dinh

mirc d6 phi hop cta céc cong thire tinh bin cat va duge thé hién trong bang 2.

Bang 2. Céc chi dan thdng ké phé bién dé danh gia két qua tinh luu lugng bun cét.

Chi din sai s0 Cong thirc tinh

Ty 1¢ sai khac yn S

i=10_i

trung binh Rinean =

Sai sO

toan phuong RMSE=
trung binh

Phan trim sai so r

ABS(S;-0;)
tuyét d6i trung binh MAPE = Si

N

Trong d6 Sila dit liéu bun cat day tinh toan; Oj va O; lan luot 1 di lidu bun cét day do

dac va dir liéu bun cat day trung binh.

3. Két qua va thao luan

Dua trén cac dir li€u thuy dong luc hoc, cac dic trung hinh thai va phan b6 kich thudc vt
liéu bun cét day da thu thap dugc tai 3 khu vuc song thudc doan song nghién ctru. Céc két qua

tinh toan luu lugng buin cat day tir 6 cong thirc dugc lwa chon duge thé hién ¢ bang 3.

Bing 3. Cac két qua tinh toan luu lwong bun cat day (qs) kg/s/m tir cac cong thire da ap dung.

Vi tri Park Cheng Meyer—Peter va Einstein— Yalin Van Rijn

i (2012) (2002) Mueller (1950) Brown (1950) (1963) (2007)
Mat cat 1 0,369 0,145 0,802 0,060 0,067 0,292
Mat cat 2 0,359 0,678 0,125 1,015 1,046 0,535
Mit cit 3 0,177 0,367 0,013 0,006 0,203 0,195
Mit cit 4 0,530 0,077 0,038 1,027 1,490 0,975
Mit cit 5 0,639 0,091 0,178 0,436 1,125 1,239
Mit cit 6 0,391 0,052 0,094 0,012 0,692 0,416
Miat cit 7 0,615 0,129 0,363 1,008 0,178 0,150
Mit cit 8 0,739 0,064 0,034 0,368 0,674 0,483
Mit cit 9 0,745 0,102 0,910 0,217 0,580 0,732
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Vi tri Park Cheng Meyer—Peter va Einstein— Yalin Van Rijn

i (2012) (2002) Mueller (1950) Brown (1950) (1963) (2007)

Mit cat 10 0,131 0,012 0,129 0,003 0,047 0,037
Miat cit 11 2,548 0,501 0,017 2,183 0,037 0,015
Mit cat 12 0,797 0,891 0,080 2,310 0,038 0,026
gsb (tb) 0,670 0,259 0,232 0,720 0,515 0,425

gsb (max) 2,548 0,891 0,910 2,310 1,490 1,239

gsb (min) 0,131 0,012 0,013 0,003 0,037 0,015

Bang 4 trinh bay két qua phan tich mirc d phti hop dua trén cac chi dan sai s6 Rmean, RMSE
va MAPE cho céc cdng thire tinh luu lwong bun cat day da ap dung cho luu vuc séng Yangyang
Namdea. Tir bang 4 ta thdy, cong thirc tinh Iuu lwong bun cat day [2] ghi nhan sai sé thong ké
(Rmean = 0,75, RMSE = 0,035 va MAPE = 10,5%) trong khi cac cong thirc tinh luu lugng bun
cét khac ¢ Rmean, RMSE va MAPE dao dong tir 0,31-0,63; 0,072-0,197 va 17,9- 48,6%. Ddi
véi phan tich murc d6 phu hop dua trén chi dan sai $6 Rmean, két qua tinh toan duge danh gia phu
hop tét véi dit liéu do dac khi gia tri ctia chi S6 Rmean tién dén 1 [19]. Theo d6, gia tri ctia chi s6
Rmean cua Cﬁng thl:fC Park (2012) dat Rmean = 0,75 va cao hon so Vé'l CéC g|é trl (Rmean = 0,31—
0,63) cuia cac cong thirc khac. Piéu d6 c6 nghia rang, cong thire [2] pht hop hon so véi céc cong
thire da ap dung khac (Hinh 5).

Bang 4. Két qua thu duoc tir cac sai s6 thdng ké cho cac cong thirc da ap dung.

Cﬁng thirc Rumean RMSE MAPE
Park (2012) 0,75 0,035 10,5
Cheng (2002) 0,31 0,197 28,6
Meyer—Peter va Mueller (1950) 0,50 0,143 18,9
Einstein—Brown (1950) 0,63 0,164 48,6
Yalin (1963) 0,71 0,046 16,8
Van Rijn (2007) 0,63 0,072 21,9

D6i véi chi s6 RMSE, két qua tinh toan ctia mot yéu td duge danh gia c6 muc chinh xac
cao khi RMSE tién gan dén gia tri 0 [19]. Bang 4 cho thiy, chi s6 RMSE cuia cong thirc [2]
cho gia tri nho nhét (RMSE = 0,035) so v6i cac cong thie khac (RMSE = 0,049-0,197). Tt
gid tri cua chi s6 RMSE, c6 thé nhan dinh cong thirc tinh bun cat day [2] co sai s6 bé hon S0
v6i sai s clia cac cong thire tinh khac. Mot cach twong tur, két qua phan tich phan trim sai s6
tuyét d6i trung binh (MAPE) ciing cho thay, so véi cac cong thire khac, cong thire tinh luu
luong bun cat day cua Park (2012) c6 sai sd xap xi 10,5% trong khi cac cong thie khac co
sai s0 dao dong trong khoang tur 14 8-48,6%.

3.0
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Hinh 5. So sanh két qua tinh toan va do dac luu lwong bun cat day tir cAc cng thuc da ap dung.
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Mirc d6 phu hop tt cta cong thic Park (2012) c6 thé do diéu kién hinh thai luu vuc
song nghién ctru twong tw véi cac con sdng duge thu thap dir lidu dé xay dung cong thirc.
Cong thire luu lugng cua Park (2012) duoc xay dung trén co s gia dinh rang, bun cat day
ctia nhitng con séng c6 dia hinh day ddc voi phan b kich thude hat rit da dang tir 1.25 mm
dén 30.0 mm. Thém vao do, trong 6 cong thirc tinh luu lwong bin cat day da ap dung, hau
hét cac cong thuc chi tinh ton luu luong bun cét dya trén dudng kinh hat trung binh (dso)
hay stir dung 3 loai kich thudc hat d6 1a dss, dso va dgs. Trong khi do, chi cong thirc Park
(2012) 4p dung phan cap kich thudc hat tir dio dén dioo trong tinh toan luu lugng. Day c6 thé
12 mot trong nhitng khac biét trong cach tiép can tinh toan luu lwong bin cét trong cong thirc
ctia Park (2012) va diéu d6 co6 thé gop phan tao ra két qua tinh c6 mirc d6 phu hop cao so véi
dwr li¢u thuc do tir cac con song c¢6 phan cép kich thudc hat da dang thudc khu vuc nghién
curu.

4. Két luan

Nghién ctru da ap dung 6 cong thirc tinh luu lugng bun céat day cho 3 bo dir liéu da thu
thap tir cac doan song khac nhau thudc luu vuc song Yangyang Namdeacheon, phia dong bic
Han Quéc. Cac phan tich sai sé cling duoc ap dung dé danh gia mirc d phi hop cua cac cong
thirc thdng qua so sanh luu lugng bun cat tinh todn tir cac cong thirc va dir liéu luu lugng bun
cat thuc do.

Céc két qua thu dugc cung cap co sé khoa hoc cho viée lwa chon cong thirc bun cét phu
hop xay dung module md phong thay d6i hinh thai song véi do doc day 16n va vat lieu day
da dang kich thuéc. Mirc do pht hop cta cong thirc tinh théng qua cac phén tich sai s6 cho
thdy cong thirc ctia Park (2012) c6 muc do phu hop tét hon cac cong thirc con lai.

Tuy nhién, mirc d6 phu hop cao ciia mét cong thirc bun cat day duoc ap dung cho mot
truong song cu thé khdng dong nghia vdi cong thire ay c6 thé ap dung tét cho cac luu vuc
song khac. Qua nghién ciru, c6 thé nhan dinh d6 chinh xac cta cong thuc tinh bun cat day
ngoai phu thudc vao cac yéu td thuy dong luc, dac trung hinh thai séng thi phan b6 kich thuoe
hat buin cat day ciing dong gop dang ké vao két qua tinh cia mot cong thirc. Nhin chung, rat
can c6 cac danh gia so bo trude khi ap dung cong thic tinh luu lwong bin cat cho mot khu
vuc nghién ctru cu thé.

Pong gop ciia tac gia: Tac gia da tién hanh thuc hién tat ca cac budc trong nghién ctru nay.

Loi cdm on: Nghién ctru nay dugc thuc hién dudi su ho tro dir liéu tir Phong nghién ctru
dong luc sdng ngdi va Vién nghién ctru giam thiéu thién tai Han Qudc. Tac gia xin chan
thanh cam on Giao su Park Sangdeog da dong gop y kién, nhan xét va hd tro co s dit liéu
dé nghién ctru duoc hoan hanh.

Loi cam doan: TAc gia cam doan bai bao nay la cong trinh nghién ctru cua tac gia, chua
dugc cong bo, khong dugce sao chép tir nhitng nghién ctru trude day; khong cd sy tranh chap
loi ich trong nhom téc gia.
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formulae for river basins with steep slope

Dang Truong An'”

! University of Science —Vietnam National University—HCM City, 227 Nguyen Van Cu,
District 5, HCMC; dtan@hcmus.edu.vn

Abstract: Sediments play an important role in maintaining and stabilizing river
morphology. In which, bedload sediment contributes significantly to the aggradation and
degradation processes. Bedload formulae are often used as a useful tool in studying the river
morphological changes. However, bedload formulae are often developed for specific
purposes and only apply the specific limitation cases. The study aims to a) select the
appropriate bedload formulae for calculating sediment transport discharge in the Yangyang
Namdaechon River basin, which located in the northeastern of South Korea and b)
simulating the river morphological changes based on the selected bedload formulae in the
next research. To conduct this work, six bedload formulae include Park (2012), Cheng
(2002), Meyer—Peter and Mueller (1950), Einstein—Brown (1950), Yalin (1963) and Van
Rijn (2007) have been applied. Results show that Park (2012) formula is good agreement to
the measured data comparing other applied formulae. Specifically, the ratio of the calculated
and measured bed load discharges (Rmean), ROOt Mean Square Error (RMSE) and Mean
Absolute Percent Error (MAPE) of Park (2012) is 0.75, 0.035 and 10.5% while other applied
formulae are varying from 0.31-0.71; 0.046-0.197 and 16.8-48.6%, respectively. In
general, Park (2012) formula is built based on the particle size fractions, which can confirm
that the particle size fraction approach plays an important role for calculating bedload
sediment discharge.

Keywords: Shear stress; Bedload sediment; Slope; Particle size; Discharge.
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Tém tit: Nghién ciru duoc tién hanh nham danh gia xu thé x6i, boi khu vuc cira song Co
Chién giai doan 1973-2018. Nghién ciru duoc dua trén sy két hop gitta mo hinh thiy dong
luc thudc ho nha MIKE dugc phat trién bai Vién Thuy Luc Pan Mach va phan tich anh v¢
tinh (Google Earth) va anh vién tham (Landsat 7-ETM, Sentinel-2) dé xac dinh xu thé boi-
x0i khu vyuc nghién ciru. Két qua cho thy, khu vuc nghién ciru da xay ra xu thé x6i 16 va
bdi tu dan xen nhau. Cu thé, boi tu di xay ra tai mot s0 khu vue nhu ctra Cung Hau, cubi cu
lao Long Tri, cudi doan song thudc xa Long Hoa, con Nghéu, va con Vuot thudc xa Hiép
Thanh véi toc do trung binh khoang 0,03-0,20 m/ndm. Trong khi d6, x6i 16 ciing dugc xac
dinh xay ra tai doan dau cu lao Long Tri thudc thanh phd Tra Vinh, cudi con Chim, con
Phung, con Nghéu va song C6 Chién doan qua xa Hoa Minh, Long Hoa thudc huyén Chau
Thanh, xa Hiép Thanh thudc thi xd Duyén Hai vé6i téc do trung binh khoang 0,05-0,26
m/nam. Nhin chung, su két hop giita mo hinh s6 va anh vién tham gép phan ciing cd mirc
d6 tin cdy cia mo hinh thity dong luc trong moé phong dién bién hinh thai song.

Tir khoa: Boi, X0i; ctra song C6 Chién, bién doi khi hau, nudce bién dang.

1. M& dau

Bién déi khi hau (BPKH) dugc nhan dinh dang gay anh hudng sau rong dén nhiéu mat
ctia doi sdng dén sinh [1-3]. Nhirng hoat dong cua con nguoi ciing da gdy ra cac tac dong
16n dén hé théng khi héu, dac biét ké tir thoi ky tién cong nghiép nhitng ndm 1750. Theo Uy
ban lién Chinh phu Ve bién ddi khi hau (IPCC), sy gia ting khi nha kinh tir nhitng nim 1950
chu yéu c6 ngudn gdc tir cac hoat dong cua con nguoi. Theo IPCC [4] mot trong s6 céc
nguyén nhan chinh cua sy nong 1én toan cau trong giai doan hién nay bat ngudn tir sy gia
tang khi nha kinh c6 nguon goc tir hoat dong cua con nguoi. H¢ qua la BDKH da va dang tac
dong truc tiép dén doi song kinh te—xa hoi va moi trudng toan cau [5-6].

Trong nhitng nim gan day, tin suat xuat hién va cudng do cua céc thién tai xay ra & Viét
Nam trong d6 béo, mua cyc doan, x01 10, sat 16, ngdp va xam nhdp mén duoc nhén dinh c6
xu hudng ngay cang gia tang, gay nhiéu t6n that v€ nguoi, tai san, co s ha tang, tic dong
xau dén méi trudng va tiém 4n céc rai ro cho doi song nhan dan, de doa nghiém trong vi¢c
thue hién cac muc tiéu thién nién ky va sy phat trién bén viing cta dit nude [6- 9] X6i 16 va
b01 tu bo va long séng ven cac vung ctra séng dudi anh huong cua myc nude bién ting do su
am 1én toan cau duoc danh gia s€ gia tang cac rui ro anh hudng dén cac hoat dong san xuét
va sinh hoat ctia ngudi dan séng ven cac khu vuc vira dugc dé cap.
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Trong nhiing thap nién gan day, cac mé hinh thuy dong luc va hinh thai song hai chiéu
(2D) nhu CCHE2D, Deflt2D hay MIKE2D duoc danh gia 1a mot trong sb cac cong cu ho tro
hiéu qua [8, 10-11] trong cac nghién ctru dién bién hinh thai song ving dong bing hay khu
vuc cac cira song [2, 8, 12]. Cac md hinh trén ¢6 kha ning mé phong dién bién hinh thai song
v6i két qua co do tin cdy cao [12-13]. Trong d6, MIKE 1a bd phin mém phat trién boi Vién
Thuy Luc Pan Mach dugc danh gia 1a b cong cu da chirc nang dugc st dung rong rai trong
cac nghién ctru vé thuy dong luc [11, 14], van chuyén tram tich va bién d6i hinh thai long
dan cling nhu day song kha hiéu qua [10, 13].

Nghién ctru [14] da _tién hanh so sanh cic md hinh sé 2D nhu CCHE2D, Delft2D,
MIKE21 va Telemac2D dé mé phong cac qua trinh thay dong luc, kha nang véan chuyén trém
tich va su thay dbi hinh thai séng. Langendoen da bao cdo rang m6 hinh 2D mé phong tdt
cac qua trinh thuy dong luc hoc va van chuyén bun cat. [14] tién hanh nghién ctru van chuyén
bun cat doc theo cac duong bd ¢ hinh dang tiy ¥, dua trén mo hinh phd séng va mé phong
van chuyén tram tich phan giai theo pha séng. [15] da str dung mo hinh MIKE2D mé phong
cac qua trinh thuy dong luc cua khu vuc ven bo vinh Bengal. [13] da ap dung mo hinh
MIKE21C mé phong cac qua trinh thiy dong luc va van chuyén tram tich cho khu vuc ha
luu song Koiliaris ¢ Crete, Hy Lap. Nam 2018, [11] da ap dung m6 hinh MIKE21C danh gia
su bién d6i hinh thai séng trong mot song thudc Dia Trung Hai. M&i day nhat, [12] da st
dung mo6 hinh MIKE21 FM dé mo phong dong chdy ctia mdt doan sdng, vdi cac mat cit
ngang phirc tap. Trong khi d6, [10] da a4p dung mé hinh MIKE21 dé mé phong ché do dong
chay cua luu vyc song Kissimmee két hop véi st dung anh vién tham. Bén canh d6, khu vuc
ctra song C6 Chién da duoc nghién ctru [16] thuc hién trong dé tai cdp Bo nham nghién ciru
bién dong hinh théi ctra song C6 Chién dudi tac dong thily dong luc hoc.

Trong nghién ctru ndy, md hinh MIKE1D/2D két hop phan tich anh vé tinh, anh vién
tham nham xac dinh dién bién bdi x6i khu vic cira C6 Chién trén thyc té vai tde do bao nhiéu
va xac dinh d¢ chinh xac cua cac két qua duoc méd phong bang mé hinh dudi cac tac dong
ket hop cua cac yéu tb thuy dong luc nhu: song, dong triéu, truong dong chay va van chuyén
tram tich. Ttr 6 nham hd tro cic co quan chiic ning trong viée 1ap ké hoach cac du an ky
thuét ciing nhu dwa ra cac giai phap bao vé bo song phu hop, chong lai sy suy thoai va gilp
6n dinh hinh thai song.

2. Phwong phap nghién ciru

2.1. Khu vue nghién ciru

Khu vye nghién ctru thude khu vuc cira song C6 Chién bao gém cac huyén Chau Thanh,
Céau Ngang, thi x4 Duyén Hai, tinh Tra Vinh. Pham vi nghién ctru nhu (Hinh 1), trai dai tir
khu vire Con Co (huyén Chau Thanh) kéo dai vé phia cira song khoang 30 km, dén khu virc
thudc xa Hi€p Thanh (thi xa Duyén Hai) tinh Tra Vinh.

2.2. Phuwong phap nghién ciru

2.2.1. Phuong phap mo hinh toan

Dé thuc hién nghién ctru ngay, ho mé hinh MIKE do Vi¢n Thuy luc BDan Mach phat trién
da dugc ap dung. Cu thé, nhom cac mo hinh bao gém: M6 hinh MIKE-1D dugc 4p dung cho
hé thong séng kénh toan khu vuc Pong bang séng Ciru Long cho muyc dich xiy dung bién
thity Iyc (Ivu lwong dong chay) cho mé hinh van chuyén bun cat va module MIKE— 11HD
dugc sir dung trong mo hinh nay. M6 hinh MIKE-2D duoc ap dung mé phong chi tiét khu
vuc cua song C6 Chién dé tinh toan ché do thiry dong luc va van chuyén bun cat ving cira
song. Cudi cuing, mé hinh MIKE-21/3 FM duoc sir dung dé chay tich hop ba module thuy
dong luc, song va van chuyén bun cat qua d6 danh gia cac yéu t6 tac dong 1én ché do thuy
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dong luc va dién bién bdi, x6i cho khu vuc nghién ciru. Module MIKE 21 FM HD, SW va
MT s€ dugc sir dung trong moé hinh nay.
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Hinh 1. Ban d6 khu vyc nghién ctru.

2.2.2. Phuong phap phan tich anh vé tinh va anh vién tham

Phuong phép tiép can: anh vé tinh va anh vién thim dugc thu thap Google Earth Pro va
USGS (Cuc diéu tra dia chit Hoa KY), sau do dugc hiéu chinh vé cung h¢ toa d) toan ciu
UTM WGS 84. Cubi cing, tién hanh trich xuat tu dong ranh giéi giita nudc va bo dat véi
khu vic song, giita nudc va bo bién cat dé xac dinh vi tri duong bo anh riéng biét chua ghép
va tong hop két qua trich xuét dé thé hién vi tri dudng bo. Cac két qua mo phong tir mé hinh
toan két hop anh trich xuét tir vé tinh dé xay dung ban d6 phan b tram tich d4y, hién trang
va xu thé x6i 16 va boi tu khu vuc nghién ciru thong qua phan mém ArcGIS (phién ban 10.1).
Quy trinh céc budc tién hanh mo phong dién bién hinh thai song thong qua su két hop giira
mo hinh toan, anh vé tinh va phan mém ArcGIS duoc minh hoa & hinh 2.
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‘ Két qua phan tich anh vé tinh

Két qua tinh toan md phong x6i 16, bdi tl_.l‘

‘ So sanh déi chibu két qua ‘

Xéy dung ban dé

Hinh 2. Quy trinh cac budc tiép can nghién ciru.
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2.2.3 Thu thap dir liéu dau vao

Thu thap anh vé€ tinh: Trong nghién cru nay, mot khu khu vuc c6 kich thude 36km x
36km dai x rong duoc lya chon dé phan tich anh vé tinh chup qua cac thoi ky. Nghién ctu
tap trung vao cac khu vue duong bo truc thude dia ban tinh Tra Vinh (Hinh 3). Hai dang anh
duoc thu thap gém: anh v¢ tinh do phan giai cao 1 m tr Google Earth Pro, anh v¢ tinh d6
phan giai trung binh tir 10 m (Sentinel 2) tir &én 30 m ( Landsat ETM) duoc thu thap tir co
so dir liéu ciia USGS. Tit ca anh dugc chup trong sudt khoang thoi gian tir 1973 dén 2018.

E T o
¥ Swnrch

Hinh 3. Anh vé tinh d phan giai cao Landsat, Sentinel 2 — USGS sir dung phén tich dién bién hinh
thai song khu vuc nghién ctu.

Thu thap dit liéu dia hinh: dit liéu dia hinh khu vyc nghién ctru dugce trich tir hai do ti 16
1:200.000 ctia Hai quan Nhan dan Viét Nam, xuit ban nim 2009 (Hinh 4a). Ngoai ra, dia
hinh khu vire nghién ctru con duge do dac bd sung trong dot khao sat nim 2014 bang may
do sﬁu ETOPOS5 cua My (Hinh 4b).
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Hinh 4. Dia hinh day khu vuc: a) bién Dong va bién Tay va b) khu vire séng C6 Chién.

S liéu truong gio: SO liéu truong gid sir dung trong nghién ctru nay 1a sb licu gid trung
binh toan bién Dong duoc thu thap tir két qua mé hinh dy bao khi hau toan cau CFSR (Climate
Forecast System Reanalysis) ciia Trung tdm du bado moi truong thuoc Co quan quan 1y dai
dwong va khi quyén My (NCEP/NOAA) vé6i budc thoi gian 1a 3 gio va do phan giai 0,25°.
Chudi s6 liéu nay duoc st dung lam dir liéu dau vao cho md hinh MIKE-21SW.

S liéu s6ng va dong chay: s liéu song va dong chay thuc do tir 9 gid ngay 09/07 dén 9
gid ngay 11/07 nam 2014 ven bién tinh Tra Vinh.
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Luéi thuy lyc: Ludi thuy luc duoc xay dung dua trén ban d6 dia hinh khu vyuc bién Dong
va bién T4y (Hinh 5a) dé mé phong tinh toan cac trudng dong chay, ché do song sau do cac
két qua thu duogc s& lam dir liéu dau vao cho bién mé phia bién dé chay mé phong cac dic
trung thuy dong luc khu vuc nghién ctru. Ludi thuy luc véi quy vi nho hon (Hinh 5b) dugc
xdy dung dé mé phong tinh toan cac truong dong chay, ché do song va qua trinh dién bién
long dan khu vuc vuc nghién cuu.
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Hinh 5. Ludi thuy luc cho khu virc a) bién Dong va bién Ty va b) cira song C6 Chién.

S liéu luu lwong va muyc nudc:

+ Bién thuong nguon: luu lwong theo giod tai tram Tan Chau — Chau Déc ndm 2014 dugc
str dung dé hiéu chinh mé hinh va luu lugng nam 2016 duge sir dung dé kiém dinh mé hinh.

+ Bién ha Iuu: dir liéu myc nudc tai cac cira song gom tram Vam Kénh (ctra Tiéu), Binh
Dai (cira Dai), An Thuan (cra Ham Ludng), Bén Trai (ctra C6 Chién), va My Thanh (cira My
Thanh, Pinh An) va Tran Dé (ctra Tran Dé) vao cac nam 2014 va 2016.

+ 86 liéu myuce nude duge thu thap bao gom cac tram thuy van Vam Nao, My Thuéan, My
Tho (song Tién), Can Tho, Pai Ngai, Tran Dé (song Hau), tram Chg Lach, Tra Vinh (song
C6 Chién) va My Hoa (séng Ham Ludng) duoc thu thap tir Dai Khi tugng Thity van khu vyc
Nam B6 tir nam 2014 dén 2016 phuc vu cho hiéu chinh va kiém dinh mo hinh MIKE.

Dir liéu bun cat: Piéu kién ban dau vé ndong d6 phu sa trén toan ving duogc thiét 1ap dua
vao sb liéu do dac tai mot sd vi tri trén song thudc khu vuc nghién ctru. Bun cét ¢ tram trong
séng VTO1 (Hinh 6a) va c4c tram bién phia bién VT04 va VTO05 (Hinh 6b, 6¢) duoc do nam
2014.

SSC (kg/m'")
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0 T T
792014 6:00 V102014 10:48 7112014 15:36 71212014 20:24 711412014 1:12 71512014 6:00
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792014 6:00 /1072014 10:48 7/11/2014 15:36 V122014 20:24 V120014 112 /12014 6:00
Thén gian

88C (kg/m’)

0
7/9/2014 6:00  7/10/2014 10:48 7/11/2014 15:36 7/12/2014 20:24  T/14/2014 1:12 71572014 6:00
Théi ginn

Hinh 6. Néng d6 bun cat lo lung tai cac tram VTO01, VT04 va VT05 dugce do dac phuc vu lam di
liéu dAu vao cho md phong bién ddi hinh thai song.
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3. Két qua va théo ludn

3.1. Hiéu chinh cac mé hinh toan

Hiéu chinh mé hinh duoc tién hanh dua vao bd sb liéu nam 2014 do dac tai cac vi tri nhu
minh hoa ¢ Bang 1. S6 liéu gdbm muc nudc, dong chay va truong song thue do vao thang 7
nam 2014. bé chay hiéu chinh mé hinh 1D, chudi s6 liéu muc nude duge hiéu chinh nim
2014 cho thiy mbi twong quan tdt vé pha va d6 16n voi hé s tuong quan trén 0,90 va chi s6
NASH trén 0,80 (Bang 1).

Bang 1. Tuong quan két qua hiéu chinh myc nuéc nam 2014.

Twong quan
STT Tén tram
R? NSE
1 Cho Lach 0,91 0,89
2 M Thuan 0,92 0,88
3 Tra Vinh 0,92 0,83
4  Bén Trai 0,92 0,89

Ddi voi hiéu chinh mé hinh 2D, két qua hiéu chinh muc nudc tai 2 vi tri VT02 va VTO03
thong qua hinh 7a va 7b la kha tot.
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Hinh 7b. Két qua hiéu chinh myc nudc tai tram VT03.
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3.2. Kiém dinh cac mé hinh

Kiém dinh mé hinh MIKE21 FM: Sau khi hiéu chinh bién m& tir bién cta mién tinh tir
dit lidu triéu trung binh nhiéu nam, két qua tinh todn myuc nudce tai khu vue nghién ctru cho
thdy c6 su phu hop tét v6i dit liéu thue do. Hinh 8a va 8b miéu ta két qua tinh toan kiém dinh
muc nudce tai cac tram VT02 va VTO3 tir ngay 5 dén 12/5/2015. Tix cac két qua hi¢u chinh
va kiém dinh thu duoc tuong dbi cao trén 0,80. Tur két qua kiém dinh myuc nudc tai hai tram
VT02 va VTO03 ¢6 thé nhan xét rang, md hinh MIKE-21FM c¢6 kha ning ap dung mé phong
thiy dong luc cho khu vuc nghién ctru.
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Hinh 8a. Kiém dinh muc nudc tai tram VT02

—_
Lh

—_

s =
th ©
:

’Lll’d’t‘ VH*’X

&‘J’#‘JVU

-2 T ]
05/05/15 12:00 07/05/15 0:00 08/05/15 12:00 10/05f15 0:00 11/05/15 12:00 13/05/15 0:00
Theoi gian (gio)

Muyc nuwée (m)
=

L
-
-

—_
i

— — —ben trai thuc do  —+—ben trai tinh toan
Hinh 8b. Kiém dinh myc nudc tai tram VT03

Déi véi kiém dinh mé hinh MIKE-21MT: ndng do tram tich tir md phong tir md hinh
tai cac vi tri VT02 (Hinh 9a) va VT03 (Hinh 9b) cho két qua phu hop v6i dir ligu thue do
trong khoang thoi gian tur ngay 05-12/05/2015. Do d6, bo thong sé nay tiép tuc dung dé mo
phong két qua tinh toan ham van chuyén bun cat cho khu vyre nghién ctru.
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Hinh 9. Kiém dinh ndng d6 trdm tich tai hai tram VT02 va VTO03 tir ngay 05-12/05/2015.
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3.3. Phdn tich x6i 16 va boi tu khu viee nghién ciru bang anh vién tham

Céc két qua phén tich, xtr 1y anh vién tham tir nim 1973-2018 dugc thé hién & hinh 10,
bdi tu dugc thé hién mau xanh 14, sat 16 duoc thé hién mau do. Céac két qua duoc thé hién cho
thdy khu virc bi sat 1& nghiém trong xdy ra trong séng 12 miii phia thuong lwu cia cac cu lao
va bo cua cac cu lao nho, hep. Mili cua cac cu lao bi sat 16 trung binh khoang 3,2 m/nam.
Trong khi bo cta cac cu lao hep bi sat 16 trung binh khoang 2,4 m/nam. Déi vé6i khu vue cia
song va bo bién hién tuong sat 16 nghiém trong xdy ra trén khu vuc dai khoang 12 km bo
bién bén phai cira song. Mirc d6 bd bi xAm thyc nghiém trong nhit 14 khoang 17 m/nim khu
vie bd bién bén phai kénh Quan Chanh Bé. Cac khu vuc con lai bi xam thyc tir 4,5 m/nam

dén murc 9,3 m/nam.
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Hinh 10. Ban db thé hién xu thé bdi, x6i khu vuc nghién ctru.

Tai khu vuc nghién ciru, xu thé bdi xay ra chu yéu ¢ cira song Cung Hau (Hinh 11), voi
murc d6 boi trong khoang 0,03 dén 0,20 m/nam. Cu thé, phia dudi cti lao Long Tri (thanh phd
Tra Vinh), phia du6i doan thudc xa Long Hoa (huyén Chau Thanh), con Nghéu, doan thudc
x4 My Long Nam (huyén Cau Ngang) tinh Tra Vinh, con Vuot (x4 Hiép Thanh, thi xd Duyén
Hai). Boan dau cu lao Long Tri (TP.Tra Vinh), phia cudi con Chim, con Phung, con Nghéu,
doan song C6 Chién qua x3 Hoa Minh (huyén Chau Thanh) va doan thudc xa Hiép Thanh
(thi xa Duyén Hai), doan doc song C6 Chién thudc xa Long Hoa (huyén Chau Thanh), tinh
Tra Vinh xuét hién x6i véi mic d6 khoang 0,05 dén 0,26 m (Hinh 11).

Hién trang cac vi tri boi, x6i & khu vuc cira song C6 Chién tinh Tra Vinh (Hinh 11) nim
2018 tinh toan tir mo hinh cho két qua phu hop véi cac vi tri bi bdi lang va sat 16 thong qua
phan tich anh vién tham ban d6 hién trang boi lang va sat 16 trong 10 ndm tir 2008 dén 2018
(Hinh 11b).
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Hinh 11. a) Qua trinh bdi, x6i day séng khu vuc nghién ctru va b) ban d6 hién trang bdi tu, sat 16 khu
vuc nghién ctru trich xudt tir anh vién tham.

4. Két luan

Nghién ctru da tién hanh danh gia xu thé bdi, x6i khu vuc cira séng Co Chién tir thanh
phé Tra Vinh dén Thi x3 Duyén Hai tinh Tra Vinh. Két qua tinh toan cho thiy, xu thé boi
xay ra chii yéu & khu vuc cira song Cung Hau, & phia dudi cii lao Long Tri (thanh phd Tra
Vinh), phia dudi doan thudc xa Long Hoa (huyén Chau Thanh), cdn Nghéu, doan thudc xa
My Long Nam (huyén Cau Ngang) tinh Tra Vinh, cdn Vuot (xa Hi¢p Thanh, thi xa Duyén
Hai) véi toc d6 bdi day trung binh 0,03-0,20 m/nam.

Poan dau cu lao Long Tri (Tp.Tra Vinh), phia cudi con Chim, con Phung, con Nghéu,
doan song C6 Chién qua xa Hoa Minh (huyén Chau Thanh) va doan thudc xi Hiép Thanh
(thi xa Duyén Hai), doan doc song C6 Chién thudc xa Long Hoa (huyén Chau Thanh), tinh
Tra Vinh xut hién x6i v6i mirc d6 trung binh 0,05-0,26 m/nim.

Nhin chung, huéng tiép can mé hinh s két hop phan tich anh vién tham trong nghién
ctru x6i 16 va boi tu da gop phan ciing cb do tin cdy tir két qua tinh toan ctia mo hinh.

DPong gop cua tac gia: Xay dung y tuong nghién cru: N.V. Hong, D.T.An.; Lira chon phuong
phap nghién cru: N.V.Hong., D.T.An.; Viét ban thao bai bao: N.V. Hong D.T.An.; Chinh
sira bai bao: N.V.Hong., D.T.An.

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 ctru trude day;
khong co6 su tranh chap loi ich trong nhom tac gia.
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Evaluation of river morphological changes based on a
combination of hydrodynamic model and remote sensing image

Nguyen Van Hong'*, Dang Truong An?

! Sub—Institute HydoMeteogology and Climate Change; nguyenvanhong79@gmail.com
University of Sciences—Vietam National University HCM City; dtan@hcmus.edu.vn

Abstract: The study was conducted to evaluate the erosion and deposition processes in Co
Chien estuary area in the period 1973-2018. The study was deployed based on a
combination of the hydrodynamic models belongings to the MIKE family which is
developed by the Danish Institute of Hydraulics (DHI) and analysis of high—resolution
remote sensing images to determine the erosion and deposition processes in the study area.
The results showed that the study area has occurred a mixture of erosion and deposition.
Specifically, deposition has occurred in some sub-areas such as Cung Hau estuary, the end
of Long Tri islet, the end of the river section belongs to Long Hoa commune, Clam islet,
and Qua Thu island in Hiep Thanh commune with an average speed of about 0.03-0.20
m/year. Meanwhile, erosion was also identified at the beginnings of Long Tri isle in Tra
Vinh City, at the end of Chim islet, Phung islet, Clam islet and Co Chien river section
passing Hoa Minh commune, Long Hoa commune of Chau Thanh district, Hiep Thanh
commune belongs to Duyen Hai Town with an average speed of about 0.05-0.26 m/year.
In general, the combination of hydrodynamic model and remote sensing method contributes
to reinforcing the reliability of the hydrodynamic model in the simulation of river
morphology variation.

Keywords: Aggradation; Degradation; Estuaries; Climate change; Sea level rise.
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Tém tat: L bun d4 1a mot dang dong chay nang lugng cao chira nudc, dat, cat va soi da
tron 1an v6i nhau thuong hinh thanh & cac ving ddi nai déc. Nang lwong ma 1i bun da tao
ra khi va cham véi cac chudng ngai vat trén duong di chuyén cta ching thuong rat 16m, c6
thé gy thiét hai vé ngudi va tai san. Trong nghién ctru nay, phin mém OpenFOAM budc
dau duogc ap dung thir nghiém dé mé phong dong 10 bun da cua mét kénh thuc nghi¢m. Kha
nang mo phong 1ii bun da ctia phan mém dugc danh gia thdng qua so sanh cac chi s6 thong
ke sai s gitra két qua mo phong ctia n6 voi dir lidu do dac va véi két qua mo phong tur phan
mém InteerxmgfIOW Sai $6 Rmean VA RMSE giita két qua mo phong cta phan mém véi du
liéu thyc do lan luwot 1a 0,72 va 5,43 trong khi gia tri tuong Ung tur phan mém
InteerxmgfIOW la 0,85 va 5,83. Thong qua phan tich cac chi s6 sai s tur phan meém dé ap
dung va phan mém InterMixingflow, co thé thdy phan mém OpenFOAM rét c6 trién vong
dé xem xét ap dung mo phong 1i bin d4 cho cac truong hop kénh ty nhién.

Tir khéa: Lii bun da; OpenFOAM; Ap suit cao; Bdo; Dong ning luong cao.

1. Mé dau

L{i bun da 1a mot hién twong tw nhién thudng xuét hién & cac ving d6i ndi, ning lugng
duoc tao ra khi dong chay nay tiép xtic v4i vat can trén duong ching di chuyén 14 rat 1on [1-
3]. Theo [4] dong chay lii bun 1a mot dang dong chay bao gdm hdn hop nude, dat, da va tham
chi chua ca vat lidu tho xdy ra pho bién ¢ khu vuc d6i nii gdy thiét hai 16n vé nguoi va tai
san. Do dong chay 1t bun pha tron nhiéu loai vat liéu khic nhau nén ning luong ching tao
ra 16n hon nhiéu so véi dong chay chi chira nudce va vi thé thiét hai do ching gay ra cho céc
khu vyc chiu tac dong truc tiép 1a rat 16n [3, 5-7]. Cho dén nay, cac khao sat thuc dia dé tim
hiéu nghién ctru vé dong chay 1 bun van con gip phai nhiéu thach thtrc do chi phi khé tén
kém va mat an toan dbi voi ngudi tham gia khao sat [7-9]. Chinh vi thé, cac tiép can nghién
ctru vé dong chay 1 bun dang duoc ap dung phd bién hién nay 1a st dung thiét bi cong nghé
bay d¢ phan giai cao giam sat bé mat (Airborne Lidar) [10-12]. [10] da tién hanh mot nghién
ctru vé 1ii bun da xay ra tai thi tran Matata & Plenty, phia DBong New Zealand. Nhom nghién
ctru d3 sit dung thiét bi bay d6 phén giai cao Airborne Lidar dé giam sat bé mat dit cua khu
vuc xdy ra I bun sau sy ki¢n mua cuc 16n. Su kién mua nay gy ra hién tugng sat truot dat,
da trén dién rong va dong chay 1i bun gdy anh huong 16n dén khu vuc Awatarariki va
Waitepuru thugc Matata. Nghién ctru da chi ra, viéc ap dung cong nghé bay giam sat Airborne
Lidar nghién ctru dong chay 1i bun cho thdy trién vong kha quan ctia k¥ thuat nély Néam 2016,
[12] d4 ap dung thiét bi cong nghé bay Airborne Lidar giam sat nhimg thay d6i vé bé mat dia
hinh do dong chay lii bun gay ra cho khu vuc Umyeon, Han Qudc. Trong nghién ciru da st
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dung thiét bi Airborne Lidar bay giam sat xung quanh khu vuc xdy ra 1ii bun va rat ra nhan
xét rang, phuong phap str dung cong nghé bay Airborne Lidar trong giam sat dong chay la
bun nén dugc khuyén khich 4p dung nhiéu hon cho cac khu vuc thudng xay ra li bun khac
ctia Han Qudc ciing nhu cac khu vic trén thé gioi. Bén canh sir dung cong nghé bay Airborne
Lidar dé giam sat, nghién ctru vé dong chay i bun, hudng tiép can str dung mé hinh s6 md
phong dién bién dong chay 1ii bun ciing dugc 4p dung rong rdi ¢ nhiéu noi trén thé gisi [13—
15]. Cu thé, nam 2013 [16] d4 tién hanh nghién ctru danh gia kha ning ap dung ctia md hinh
s6 mo phdéng dong chay 1 bun cho 16 trudong hop kénh thuc nghiém dugce thiét 1ap tai Vién
Ky thuat Giam sat Ruai ro Mién nii thudc truong Dai hoc Tai nguyén Thién nhién va Doi
song Vienna.

Két qua nghién ctru chi ra rang, phuong phap tiép cdn mé hinh s6 mé phong dong chay
lii bun d4 cho sy twong dong tdt véi dir lidu do dac thuc nghiém tir mé hinh vat 1y phong thi
nghiém. Mot nghién ctru duge tién hanh boi [17] st dung mé hinh s6 3 chiéu Mohr—Coulomb
dura trén 2 pha dong chay ran (bun, d4) va long (nugce) cho kénh thuc nghiém c6 do déc 16n.
Céc két qua md phong chi ra kha niang (mg dung tiém nang cua mo hinh s6 trong mo phong
cac qua trinh thuy dong hoc phire tap cua cac dong chay hon hop 1t bun voi vat liéu ran co
kich thudc hat kha da dang. Viéc khdo sat thuc dia dé nghién clu vé dong chay li bun nhu
dugc trinh bay con ddi mat nhiéu thach thirc va chua duoc tién hanh rong rai, trong khi tiép
can dua vao thiét bi cong ngh¢ bay Airborne Lidar con kha tdn kém thi mo hinh sd duge xem
1a huéng tiép can dé kha thi hién nay [1, 13-14].

Chinh vi vdy, muc tiéu ctia nghién ciru ndy 1a: a) ap dung phan mém ma ngudn mo
OpenFOAM mé phong dong chay hdn hop lil bun cho truong hop kénh nhan tao duoc xay
dung tir phong thi nghiém va b) tién toi xem xét &p dung phan mém moé phong dong chay li
bun cho truong hop kénh tu nhién trong mot nghién ctru tiép theo.

2. Phwong phap nghién ciru va dir licu

2.1. Khu vuc nghién ciru

Trong nghién ctru nay, dit liéu dé tién chay mo phong 1i bun da duogc thu thap tir [8].
Kénh thuc nghiém xay dung trong phong thi nghiém dya trén hinh dang 1i bun xay ra trong
kénh ty nhién (Hinh 1a) va kénh thuc nghiém trong truong hop nghién ciru nay duoc thiét ké
c6 chiéu dai 7,5 m va rong 2,0 m (Hinh 1b). Kénh thuc nghiém duoc chia 2 doan véi do dbc
kénh thay doi tir 10 dén 30°. Trong dé, doan kénh tht I dai 4,4 m va d6 déc kénh (B = 30°)
va doan kénh thw IT ¢6 chiéu dai 3,1 m vé6i do doc (B = 10°) (Hinh 1b).

Tensor
cam bién

Hinh 1. Phéac thao 1 bun d4 a) kénh ty nhién va b) kénh thuc nghiém quy mé phong thi nghiém [8, 15].

2.2. Tong quan vé phan mém OpenFOAM

OpenFOAM dugc viét tic tur cum tu—Open Source Field Operation And Manipulation,
1a phan mém ngu6én mo dugc phat trién boi Dai hoc Imperial, Anh Quoc [19]. Phan mém nay
dugc Henry Weller xay dung dua trén y tudng chinh lay tr mé phong dong luc hoc co luu
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chat (CFD—Computational Fluid Dynamics) v6i phwong phap thé tich hiru han duoc sir dung
lam thuat giai [19, 20-22]. Nam 2000, phin mém OpenFOAM dugc cong bd nhu mot phan
mém thuong mai [19]. Sau d6, phan mém OpenFOAM dugc s6 hitu boi Quy OpenFOAM va
dén nhimg nim 2013, phan mém nay dugc hop nhét cho ca hai phién ban thuong mai va ma
ngudn mé [20-21]. Cac module cia phan mém OpenFOAM viét trén nén tang 1ap trinh
hudng d6i twong str dung ngdn ngir C++ [19]. OpenFOAM 1a tap hop ctia khoang 250 chuong
trinh con duoc nhung trong hon 100 module [19-22]. V& co ban, cac chuong trinh con cia
phan mém OpenFOAM dugc t6 chire thanh 3 khoi (Hinh 2) bao gom: (1) Khéi tién xir ly
(Pre—processing) gom céac cong cu md hinh hoa va chia ludi; (2) Khbi giai (Solving) gdm cac
bd giai chudn duoc cung cap san hoic do nguol dung tw xay dung va bd sung thém vao thu
vién cia OpenFOAM; va (3) Khéi phan tich, thé hién 161 giai (Post—processing) gom céc thu
vién cong cu phuc vu viée biéu dién, hién thi két qua tinh toan.

Thu vién ma ngudn mé OpenFOAM ‘
Iy v O
Tién xu ly ’ Giai bai toan ‘ H,len tl}l. P han

tich loi giai
— Cac P(') giai Sir dung bé
Cac eong ol ¢ san hay ParaView hay
va céc tién ich || ngudi di}ng EnSight
phat trién

Hinh 2. Phac thao ba khdi hoat dong trong phan mém OpenFOAM.

2.3. Co 56 Iy thuyét ciia phan mém OpenFOAM

Hau hét cac chuong trinh con mé phong dong chay trong phan mém OpenFOAM st
dung mot trong cac thuat toan PISO-Pressure—Implicit Split-Operator, SIMPLE-Semi-—
Implicit Method for Pressure—Linked Equations hay két hop ca hai thuat giai PISO va
SIMPLE duogc goi vdi tén PIMPLE [20]. Trong d9, thuat giai PIMPLE thyec thi vong lap ghép
ndi tich hop phuong trinh dong lugng va bao toan khdi lwong tir cac phuong trinh rdi RANS
(hé phuong trinh Reynolds-averaged Navier—Stokes) [20, 23]. Thuét giai PIMPLE tich hop
trong phan mém OpenFOAM c6 thé ap dung cho cac nghién ctru:

Mo phong hoat dong cua canh turbine tau ngam, mo phong tuong tic giira thuyén va
nudc, md phong dién bién v& dap va mé phong chuyén dong cua dong chay li bun. Phin
mém OpenFOAM duoc xay dung duya trén hé phuong trinh chi dao sau:

Phuong trinh lién tuc

q V-Uu=0 1)

Phuong trinh van chuyén
20 4V (Uay) =0 @

Phuong trinh dong luong
20D V- (pUXU) = ~Vp +V-T + pf 3)

Trong do U la thanh phén van toc; p la mat d6 trung binh cua céc chéat; T Ia tensor ung
suét nhot cua hdn hop; f 1a tong cac luc khac; a,,, 1a tong cua phan sb biéu thi thanh phan
caa thanh phan bun va cat tai mot diem khong thoi gian [19].

Trong d6 a,, trong phuong trinh (2) dugc xac dinh béi phuong trinh (4).

Ay = Ay + a3 4

Phan khong khi ciing anh huéng dén «a,,, nay qua phuong trinh (5).

a,=1—a,, 5)
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Trong d6 @, la tham sb biéu thi thanh phan khong khi; a, 1a tham sé biéu thi thanh
phan bun; a; 1a tham sé biéu thi thanh phan cét.

Phuong trinh (2) chi xét dén pha I6ng, nén can phai xét thém pha khi cho cac mé phong
dong chay bun. Béi véi pha ran (dong chay bun) phwong trinh van chuyén c6 dang sau:

Zn 4 V- Uety) + V- (Uey) =0 (6)

Trong d6 U, 1athanh phan van téc giao thoa gitra hai pha long va khi.
Thuat toan PIMPLE 4p dung cho m6 phong dong chay 1 bun dugc minh hoa ¢ hinh 3.

Sai

bung

Hinh 3. Thuét toAn PIMPLE ap dung cho mé phong 1ii bun da.

2.4. Cdc diéu kién dau va bién

Céc dit liéu thu thap phuc vu md phong 1ii bun da trong trudng hop nghién ctru nay gom:
thé tich dong chay, mat d6 hdn hop (pnn). Trong dé, thuc nghiém dugc tién hanh vai ty 1é pha
tron gitta nudc (pwnn), bun khodng vai kich thudc min, bun khoang vaéi kich thudce tho, cat
min, cat thd va cé&c hat c6 kich thudc tir soi tro 18n véi goc ma sat & = 36°. Déi véi pha khi,
mat d6 nude (pw) va ing sudt mit thoang (t,,) duoc miéu ta chi tiét & Bang 1.

Bang 1. Cac tham s thiét 1ap va thu thap phuc vu mo phong dong chay 1ii bun.

Tham s6 Ky hiéu Gia tri Pon vi
Mat do nude Pw 1000 kg.m3
Mat d6 hdn hop Phh 1802 kg.m3
Ung suit mit thoang Too 41,33 Pa
Thé tich dong chay \Y; 0,01 m?

Ty 1€ pha trén nudc Pwihh 28,5 %
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Tham s Ky hi¢u Gia tri Pon vi
Ty 1€ bun khoang min Psfih 1,6 %
Ty 1€ bun khoang tho Psr/hh 8,8 %
Ty 1€ cat min Psfih 27,8 %
Ty 1§ cat tho Pstihh 47,8 %
Ty 1€ hat kich thudc tir soi tro 1€n Psre/h 14,0 %

~ Nghién ctru duge tién hanh véi khong gian lu6i Ax = 0,02 m, Ay = 0,01 m va Az thay
doi tir 0,001 dén 0,025 m (Hinh 4). BE dam bao cac thiét 1ap m6 phong bat duogc cac chuyén
dong vdi van toc 1on, bude thoi gian tinh toan dugc thiét 1ap At = 0,04 gidy.

%=0eg=1 Poz = PG T P20, + P30

Heat = IO+ 3,06 + Jy0y
M= [ Go)

Ay = S Prots Vur)

i =i, =i, = ii,

a,=la,=0

Hinh 4. Minh hoa Iuéi st dung m6 phong dong chay 1d bun da [19].
3. Két qua va thio luin

3.1. Két qua mé phong dong chay lii bin

M6 phong dién bién dong chay hén hop lii bun dugc minh hoa trén hinh 5. Hinh 5 thé
hién cac khoang thoi gian di chuyén ciia dong chay 1 bun tir lac bat ddu mé phong (Hinh 5a)
dén khoang thoi gian sau 2 gidy di chuyén ctia dong 1 bun (Hinh 5b) va sau cac khoang thoi
gian di chuyén tiép theo ciia chung tir giay tha tu (Hinh 5c), gidy thu 8, 16 va gidy thtr 20
(Hinh 5d, 5e va 5f). Nhin chung, hinh 5 thé hién két qua mé phong dong chay li bun tir phan
mém OpenFOAM phui hop v6i xu thé dién bién hién twong 1i bun trong thuc té.

Hinh 5. Minh hoa két qua m6 phong dong i bun d4 theo thoi gian tir luc bét dau xay ra sy kién
(Hinh 5a) dén khi két thuc sy kién (Hinh 5f) cua khéi vat liéu nude va hdn hop bun, dat va cat.
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3.2. Pdnh gid két qua mé phong

Két qua md phong dong chay 1t bun tur phan mém OpenFOAM duoc so sanh véi dit liéu
do dac thuc nghiém va so voi két qua nghién ciru tir cong trinh nghién ctru da duoc cong bd
[4] dUng phan mém InterMixingflow cho cung dir liéu ma nghién ctru nay ap dung (Bang 2).
Bang 2 va hinh 6a thé hién dong chay li bun mé phong tur phan mém Open FOAM cho tri 6
thdp hon so véi dit lidu thuc do va phan mém InterMixingflow. Tuy nhién, vé dién bién xu
thé va thoi gian tré ciia dong chay 1i bun thi phdn mém OpenFOAM cho két qua phu hop
hon véi dit liéu thuc do va véi két qua moé phong tir phan mém InterMixingflow (Hinh 6b).

40 4 40 1
. — —th hié
35 = = =thuc nghiém 35 A 'uc ng’ rem
30 - . - tinh todn w0l - tinh toan
) —  ~InterMixingflow
= 25 25
§20 20
o N Jl A, Ja
1 ] ,l M, ] A
% " ,"J |) ‘ \‘\""' ’| }I : . I \N‘ \\A“hll ’
] A : | c'l‘\‘\\lj !
; i Mk, i 10 TR S NS
541 4 [ PR ||' BRE L || B
' j b L 1
0 T T Ly T T T r » 0 - T + T T T T v
0.0 0.2 0.4 0.6 0.8 1.0 1.2 14 1.6 0 0.2 0.4 0.6 0.8 1 1.2 14 1.6
Thot gian (giay) Thoi gian (giay)

Hinh 6. So sanh két qua mo phong tir phan mém OpenFOAM vdi a) dit liéu do dac va b) voi phan
mém InterMixingflow.

Bang 2. Dit liéu d6 cao dong chay lii bun trich xudt tir dit liéu do dac, mé phong tir phan mém
OpenFOAM va phan mém InterMixingflow tir mot nghién ciru khéc.

Thoi Dit liéu do M phéng tir cac phin mém h (dm)
gian dach(dm) OpenFOAM InterMixingflow
0,60 15,02 0,56 0,00
0,65 17,97 10,04 0,00
0,70 14,28 15,47 15,59
0,75 17,29 13,28 17,16
0,80 14,91 12,16 14,85
0,85 18,37 11,28 12,76
0,90 13,44 10,36 12,34
0,95 13,72 9,35 11,93
1,00 12,76 8,29 10,67
1,05 10,66 7,71 9,83
1,10 12,87 7,04 9,10
1,15 8,84 6,60 8,37
1,20 10,20 6,15 7,74
1,25 8,16 5,22 7,11
1,30 6,35 4,85 6,69
1,35 6,97 4,68 6,17
1,40 8,79 4,56 5,86
1,45 7,99 4,50 5,65
1,50 8,84 4,46 5,44
1,55 15,14 4,46 5,23
1,60 1,76 4,46 5,23

1,65 5,56 4,39 5,23
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So sanh két qua tinh toan dong chay 1 bun tr phan mém OpenFOAM va tir két qua mo
phong cua [8] cho thay, vé tri s6 phan mém OpenFOAM cho gia tri tinh nho hon so véi ket
qua tinh tir phan mém InterMixingflow, tuy nhién vé xu huéng va thoi gian tré thi phan mem
OpenFOAM c6 thoi gian tré so véi dir liéu do dac nho (0,01 gidy) trong khi phan mém
InterMixingflow cho thoi gian tré (0,03 gidy) (Bang 2, Hinh 6b).

3.3. Phén tich mitc do phu hop

Mirc d6 phu hop giita két qua mé phong dién bién dong chay lii bun tir phan mém
OpenFOAM va phan mém InterMixingflow dugc danh gia thong qua cac chi dan sai sb ty 18
sai khac trung binh (Rmean) V& sai s6 toan phuong trung binh (RMSE). Bang 3 thé hién két
qua phan tich mirc d6 phu hop cua cac phan mém mo phong do cao dong chay li bun dya
trén chi dan sai s& Rmean VA RMSE. Tir bang 4 c6 thé nhan thiy, két qua mé phong tir phan
mém OpenFOAM cho cac sai $6 Rmean Va RMSE lan luot 14 0,72 va 5,43 trong khi cac gia tri
sai s6 twong tmg thu dugc tir phdn mém InterMixingflow lan luot 12 2.3 12 0,85 va 5,83. Theo
d6, chi s6 Rmean dugc xac dinh dua trén so sanh két qua moé phong ciia phan mém OpenFOAM
va dir liéu do dac 12 0,72. Theo [21], khi chi s6 Rmean tién dén 1,0 c6 nghia 1a két qua tinh
toan ctia mot yéu t6 phu hop tot véi thuc té va diéu nay dong nghia voi phuwong phép dugc
ap dung cho mot nghién ctru bat ky c6 do chinh xic cao. Thém vao d6, sai s6 RMSE tinh
dugc tir phan mém OpenFOAM cho gia tri nho hon so v&i phan mém InterMixingflow, diéu
d6 c6 nghia rang phan mém OpenFOAM rit c6 trién vong dé xem xét ap dung cho cac nghién
ctru mo phong dong chay it bun tuwong tu cho cac kénh tu nhién.

Bang 3. Két qua phan tich cac chi sb sai sé thong ké cho cac phin mém moé phong.

Phan mém Rimean RMSE
OpenFOAM 0,72 5,43
InterMixingflow 0,85 5,83

3.4 Han ché cua nghién curu

Nghién ctru duoc tién hanh dua trén dit liéu thuc nghiém mé hinh vét 1y, chinh vi vay
mot s6 tham sb con chua duoc thu nhé quy mé pht hop véi thyc té (vi du nhu kich thude hat
s0i, 4o doc kénh) va day ciing chinh 1a méot trong nhiing nguyén nhan dan dén két qua mo
phong con s6 khac biét so véi thyc té.

4. Két luan

Nghién ctru dugc trién khai nham muc tiéu bude dau thir nghiém kha nang ap dung phan
mém mi ngudn md OpenFOAM mé phong dong lii bun da cho trudng hop kénh thyc nghiém.
Két qua thu duoc 1 co s& dé xem xét ap dung phan mém OpenFOAM cho cac nghién ciru
xa hon d6i voi cac kénh ty nhién. Két qua nghién ciru cho thay, phan mém OpenFOAM budc
dau ap dung mo phong do cao dong 1 bun d4 cho truong hop kénh thuc nghiém thu dugc
kha kha quan. Cu thé, két qua chay mé phong d6 cao dong I bun da tir phan mém ma ngudn
mo& OpenFOAM cho sai khac thong qua céc chi sb sai s6 thong ké twong duwong véi phan
mém InterMixingflow. Mic du két qua nghién ciru dong 1t bin da thong qua ap dung phan
mém OpenFOAM kha quan, tuy nhién can c6 nhitng nghién ctru xa hon dé danh gia kha nang
mo phong ciia phan mém ndy cho nhiing trudng hop sdng, kénh trong thuc té.

Pong gop ciia tac gia: TAC gia 1a ngudi da 16n v tuong va tién hanh thuc hién nghién ciru.
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Loi cam on: Tac gia chan thanh cam on Giao su Paik Joongcheol-Vién nghién ctru dong
chay ning luong cao, Pai hoc Quc Gia Gangneung d trao doi, dong gop ¥ kién gitip tac gia
hoan thanh nghién ctru nay.

Loi cam doan: Tac gia cam doan bai bdo nay la cong trinh nghién ctru cua tac gia, chua
duogc cong bd & dau, khong duoc sao chép tir nhitng nghién ctru trude day; khong co sy tranh
chap loi ich.
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Application of the OpenFOAM open—source software debris
flow simulations

Dang Truong An'”

! University of Science, Vietnam National University, Ho Chi Minh City;
dtan@hcmus.edu.vn

Abstract: Debris flow is a form of high—energy flow that includes a mixture of water, soil,
sand and gravel and they frequently occur in mountainous areas. Debris flow generated a
high—energy when they collide with obstacles in the flowing processes is enormous, which
can result in massive loss of lives and property. In this study, the OpenFOAM software was
initially tested to simulate the debris flow in the artificial channel. The performance of the
applied software is assessed by comparing the simulated results with observed data and the
simulated results of the InterMixingflow software. The statistical indicators of the
OpenFOAM software are Rmean = 0.72 and RMSE = 5.43, respectively while the correspond
values of the InterMixingflow software are Rmean = 0.85 and RMSE = 5.83, respectively.
The obtained statistical indicators implied that the OpenFOAM software is capable to
simulate the debris flow in the natural channel cases.

Keywords: Debris flow; OpenFOAM; High pressure; Typhoon; High energy flow.
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Tém tit: Nghién ciru dua ra két qua phan tich, danh gia tac dong cia bién ddi khi hau
(BDKH) dén tiém ning khai thac khoang san & tinh Binh Phudc. Pé thuc hién danh gia
nghién ctru da ké thira két qua xay dung kich ban nhiét d9, lwong mua, han han va ngap theo
kich ban BPKH va nuéc bién dang (NBD) nam 2016 cua B Tai nguyén va Mai truong va
b chi s6 danh gia dugc xdy dung theo hudng dan ctia Ban Lién Chinh phu vé Bién d6i khi
hau (IPCC) nam 2007. Trén co sé do, két qua vé murc do tac dong va anh hudong cia BDKH
dén khu vyc khai thac khoang san ¢ tinh Binh Phudc duge danh gia dén timg huyén va khu
vue, cu thé: cac khu vuc khai thac khoang san ¢ thanh phd Pong Xoai (TP. Pong Xoai) chiu
murc do tac dong thép nhét tir 0,36-0,38; huyén Bu Gia Map c6é muc tac dong do BDKH
dén khu vuc khai thac khoang san & muic cao, voi chi s tic dong khoang 0,6. Nhitng dia
phuong con lai cta tinh Binh Phudc ¢6 tiém nang khai thac khoang san bi tac dong vira vi
chi sb tac dong tir 0,43-0,53 dudi anh hudng cia BDKH. Tuy bai bao m&i chi dua ra muc
d6 tac dong ctia BDKH, chua dé cap dén nhiing chi s6 khac nhung két qua nghién ciru da
g6p phan cung cap thong tin cho tinh Binh Phudc, phuc vu quy hoach nhitng khu vue khai
thac khoang san trudc bdi canh BDKH.

Tir khoa: Muc do tac dong; Bién d6i khi hau; Khoang san.

1. Mé dau

Danh gia tac dong do BDKH la nghién ctru xac dinh cac anh huong cia BDKH 1én moi
truong va cac hoat dong kinh té xa hoi cua dia phuong. Ngoai anh huong bét loi con c6 thé
mang lai nhitng anh huéng c6 loi. Panh gia tac dong cia BPKH ciing bao gdm Viée xac dinh
va danh gia cac giai phap thich tng véi BPKH [1]. Hién nay c6 nhiéu cach tiép cin trong
danh gia tac dong cua BDKH. Theo IPCC, ¢6 3 cach: Tlep can tac dong (|mpact—approach)
tiép cén tuong tac (interaction-approach) va tiép can tong hop (integrated— approach). Mbi
cach tiép can co nhing diém manh va han ché riéng, theo do, tuy thude vao nhiéu yéu té khac
nhau (yéu cau danh gia, pham vi, khung thoi gian va ngudn luc...) dé lya chon [1-2].

Danh gia tac dong cia BDKH bao gdm cac phuong phap dinh tinh va dinh lugng, chia
thanh cac nhém chinh: (i) cac phuong phép thuc nghiém: Trong danh gia tac dong cua
BDKH, phuong phap nay duoc dung dé xac dinh cac yéu t6 khi hau va mdi truong (nhiét do,
lwvong mua, ngap, xdm nhap min, ...) dén ddi tuong nghién ctru (néng sudt cdy trong, nguy
co dich bénh, ...); (i) phuong phap ngoai suy so li¢u lich str: cdc mo hinh toan duoc st dung
dé du doan nhiing tac dong trong tuong lai bang cach ngoai suy cac s lidu trong qua kh;
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(iii) cac phuong phap ngoai suy, nghién ctru sir dung cac trudng hop twong tu: sir dung sb
liéu cua céc truong hop tuong ty & mot khu vuc khac dé danh gia tac dong cua BDKH 1én
ddi tuong dang xem xét. Cac loai nghién ctru tuong tu dugce dung 1a: su kién lich st tuong
tu, xu hudng lich sir twong tu, khu vyc khi hau hién tai va tuong lai tuong tu; (iv) phuong
phap chuyén gia: phuong phap nay tip hop cac ¥ kién va danh gia cta cac chuyén gia (tir cac
tai liéu, cac bao cao danh gia hodc cac cudgc hop chuyén gia, hdi thao, ...) [1]. Bén canh do6,
danh gia tac dong cua BDKH ciing c6 thé thuc hién theo phuong phap co6 su tham gia cua
cong dong va cac bén lién quan ¢ dia phwong [1]. Thoi gian dau, xu huéng nghién ctru tac
dong ctia BDKH tap trung vao cac tac dong don thuan dén nhimg biéu hién cia BDKH. Xay
dung kich ban BDKH va NBD cho Viét Nam theo huéng dan ctia IPCC [3-4]; Panh gi4 hién
trang ngap lut va xac dinh kich ban BDKH va NBD cho TP. Ho Chi Minh [5] hay x4y dung
kich ban BDKH va dy bdo xam nhap méan theo kich ban BDKH cho khu vuc Béng béng song
Ctru Long [6]. Nam 2020, nghién ciu [7] di tién hanh xay dung ban @b phan b cap do tac
dong ciia BDKH dén quy hoach, tham do, khai thac, ché bién va st dung céc khoang san chi
yéu & Viét Nam. Cung nim, [8] d3 thyc hién danh gia tac dong cia nudc bién dang do BDKH
dén viing nudi trong thity san khu vuc ven bién Bic Bo va Bac Trung Bo. [9] da danh gia tac
dong cia BDKH dén ngap lut tai TP. H6 Chi Minh va dé xuét giai phap thich ung véi BDKH.
Nghién ctiu [10] da danh gia tac dong cia BDKH dén ty nhién, con ngudi va kinh té—xa hoi
thanh phé H6 Chi Minh. Bén canh dé, Bo Tai nguyén va Mai truong da chu tri xay dung
Thong bao quoc gia lan thirhai [11], Ian thir ba [12] cho Cong uéc khung cua Lién Hop Quéc
vé BPKH nham cung cap thong tin vé kiém ké qudc gia khi nha kinh (KNK), phan tich, danh
gia tac dong caa BDKH, giam nhe phét thai KNK trong c4c nganh, linh vuc kinh té—x4 hoi
chu yéu ¢ Viét Nam.

Trudc cac Sic ép Ve tde do phat trién kinh té—xa hoi trén dia ban tinh Binh Phudc, sy gia
tang cac hoat dong cac hoat dong khai thac khoang san qua mirc ma khong quan tim dén
nhimg bién do6i ctia khi hau s& anh huong rat lon dén nhiing quy hoach twong lai ciia Tinh,
ddng thoi, khai thac khoang san khong quan tam dén cac bién phap phong chéng nhiét do

tang, luong mua thay d6i, mua cuc doan hay ngap s€ lam giam nang suat va gay thoai hoa

dat ¢ nhitng ving khai thac khoang san. Dé nghién ctru danh gia tac dong ciia BDKH dén
tiém nang khai thac khoang san, nhom tac gia da sir dung phuong phap bo chi sé danh gia
dua trén nhitng két qua kich ban ctia mo hinh khi hau va mé hinh ngap. Vi myc tiéu danh
giac tac dong cia BDKH dén tiém ning khai thac, ving khai thac khoang san theo cac cap
thang do trong bo chi s6 cho tinh Binh Phudc.

2. Phwong phap nghién ciru

2.1 Gioi thiéu khu viec nghién ciru

Nghién ctru dugc thuc hién trén khu vuc tinh Binh Phudc, 1a mdt tinh thudc mién Dong
Nam B9, c6 duong bién gidi tiép giap v61 Campuchia dai 260,433 km (Hinh 1). Khu vyc
nghién ctru ¢6 dia ban trung chuyén gitra Nam Tay Nguyén va mién bong Nam B9, nén tinh
c6 dia hinh rat da dang, gdm ca dia hinh cao nguyén, d6i nii va dong bang. Nam trong vung
kinh té - trong diém phia Nam, c6 vi tri khong xa Thanh phd H6 Chi Minh — trung tam kinh té
16n nhét cta ca nudc-lai co cira khau thong thuong v6i Campuchia, Binh Phudc co rt nhiéu
co hoi dé phat trién thwong mai, du lich va Xudt khau .. Tai nguyén khoang san tinh Binh
Phudc khong da dang vé ching loai nhung mét sé c6 tr& luong kha 16n, c6 gid tri cong
nghiép. Theo két qua diéu tra ciia Lién doan Dia chat Ban do Mién Nam, tinh hién c6 91 mo,
diém quing, diém khoang hoa va phan bd rai rac, chii yéu & ving phia Ty va mt it & trung
tam vai céc loai khoang san nhu: than bun, d4 xay dung, cat, cudi soi, sét gach ngoi, laterit,
s0i do. Theo nhitng két qua xdy dung kich ban BDKH, dén giita thé ky nhiét d6 trung binh
tinh Binh Phudc tang 1,40°C, lugng mua nam cd mirc bién dbi tir 9,2-9,9%. Vao cudi thé ky,
murc tang nhiét do khoang 1,9°C. Pi voi luong mwa mire bién ddi khoang 14,5-16,6% theo
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kich ban phat thai trung binh (RCP4.5) [3]. V&i nhitng bién d6i vé nhiét d6 va luong mua
nhu vay tao nén su khic nghiét c6 kha ning thic diy cac qua trinh han han, hoang mac hoa
dat, nguy co ngap, lii ciing gia ting va tac dong boi cac hién twong cuc doan nhu mua cuc
doan, dong, sét cling tang 1én dang ké [3].

TI|  OONW | OnTicH | ANSO| WATOO. R
| sowver e | ot | vy | ouotn et
Ak
2w 1 e
3 /
T =Tk <

N s
pONGNAT [N\ )
B 7
4 INH QUAN\Y 2%
o >4 .
2’ LN
R4

Hinh 1. Ban d6 hanh chinh tinh Binh Phudéc [13].

2.2. Phwong phdp danh gid tac dong ciia BDKH bang chi sé (két hop GIS)

Chi s6 nhimg tac dong cia BDKH dugc xac 1ap trong moi quan hé cua 03 yéu té (Hinh
12): mirc @6 phoi nhiém (E), muc dd nhay cam (S) [1, 14]. Cac thuat ngir nay c6 thé thay doi
trong cac nghién ctru khéc nhau.

Exposure Sensitivity
(Phoi nhiém) (Nhay cam)

Hinh 2. M6 hinh ¥ niém d4nh gi4 tinh DBTT do BDKH [1].

Ap dung phuong phap chi s6 dé danh gia tac dong tiém an va tinh d& bi ton thuong
(DBTT) d6i véi bién doi khi hau theo quy trinh nhu sau [1-2]:

Budc 1: Xac dinh bo chi thi (BCT)

BCT va trong s6 tuong tng phuc vu danh gia tic dong cia BPKH (Bang 2 va 3) bao
gom céc chi thi thé hién kha ning phoi nhidm (E), tinh nhay cam (S) (tir d6 danh gia duoc
tac dong I). Phuong phap tong quan tai liéu va tham van chuyén gia ciing ddng thoi duoc sir
dung & ndi dung nay.

Budc 2: Chuan hoa céc s6 lidu thuc (chi thi) theo thang diém 0-1
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C4c chi thi c6 don vi va ty & khac nhau, vi thé can chuan bang cach ddng nhét gia tri tur
0-1 (bang 1).

— Dbi véi céc chi thi ti 18 (%): néu ti 1& dugc xét trong cuing mot hé théng (toan ving
nghién ciru), chi thi dugc chuan hoa bang cach giir nguyén gid tri va bo don vi %.

— Déi vai hau hét cac chi thi E (nhu nhiét do, lwong mua, bio), S va AC: chuan héa theo
cong thuc sau:

+ Quan hé thudn voi cdu phan dang xét:

L (Gia tri thyc — Gia tri nhé nhat)
Chisd = ——— — — 1)
(Gia tri 1én nhat — Gia tri nho nhat)

+ Quan hé nghich véi ciu phan dang xét:
(Gia tri 16m nhat — Gia tri thue)

()

Chisé = — - - S
(Gia tri 16m nhat — Gia tri nho nhat)

Budc 3: Tinh toan chi sé tong hop
Chi sb tong hop cua tirng cau phan (E, S) duoc tinh toan dua trén gia tri chuan hoé cua
chi thi i va trong s6 wu tién wi theo cac cong thirc dudi day. Chi s6 112 ham sé caa nhém chi
SO Evas.
E=%L,E ~WE; (3) S= X1 SixWS; (4) I=E*S(5)

Trong d6 | 14 tac dong cia thién tai; E 1a nguy co himg chiu thién tai; S 1a cac ton that
dbi vai thién tai (mac do nhay cam voi nguy co thién tai); Ei, Si lan luot 13 gia tri chuan hoé
cua chi thi thi i trong cAu phan E, S; wei, Wsi lan Iuot 12 trong sb wu tién cua chi thi thir i
trong cAu phan E, S; n 1asd lugng cac chi thi thanh phan (ciia mdi cau phan E, S, AC).

Budc 4: Thanh 1ap b chi s6 va danh gia

Bang 1. Thang chi s danh gia E, S va I [2].

Chi sb 0-0,2 0,2-0,4 0,4-0,6 0,6-0,8 0,8-1,0
E Rét thap
S Rét thap

I Rét thap

Bang 2. Bo chi thi nguy co hting chiu thién tai (E) trén dia ban tinh Binh Phudc.

Hién twong (1) Chi thi (2) Ky hiéu  Quan hé

Nhiét do Muc d6 gia tang nhiét do tdi cao so voi giai E.1.1 +
doan 1986-2005 (°C)

Luong mua Muc d6 gia tang lugng mua nam so vadi giai E.1.2 +
doan 1986-2005 (%)

Bio, ATND S6 lwong con bio, 4p thap nhiét doi, gdy anh E.1.3 +

hudng trong 10 nam (con)

Han han Chi s6 kho han va muc d6 bién dbi trong 20 E.1.6 +
nam
Ngap i Pham vi ngap 16n nhit (>0.1 m) (ha) E.1.7 +

Do siu ngap 16n nhét (m) E.1.8 +
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Bang 3. Bo chi thi mic @6 nhay cam véi nguy co thién tai (S) trén dia ban tinh Binh Phuéc.

Khia canh (1) Chi thi (2) Ky hi¢u Moi
quan hé
Tai nguyén Dién tich rimg phong ho (ha) S1.11 -
rung Dién tich rirng dac dung (ha) S.1.12 -
Dién tich rimg san xuat (ha) S.1.13 -
Str dung dat Pt san xudt nong nghiép’: Deftt trong cdy hang nam, dat trong lua, dat S121 .
c6 dung vao chan nuoi, dat trong cay hang nam khac (ha)
Pt lam nghiép: c6 riung (rimg san xuat rimg phong ho, rimg dic 5199 B
dung) (ha)
Pt chuyén ding: Dét tru so co quan, cong trinh sy nghiép, dat quic
phong — an ninh, dét san xuat, kinh doanh phi nong nghiép, dit co muc ~ S.1.2.3 +
dich cong cong (ha)
Pt ¢: Dat & d6 thi, dat & nong thon (ha) S.1.2.4 +
Tai nguyén Tbong dién tich khoang san theo timg huyén/thi (ha) S.1.3.1 -
khoang san
Tai nguyén Nhu cau sir dung nuée dudi dit (m3/ngay) S.1.4.1 -
nude Nhu ciu st dung nudc sinh hoat tai cac ving dé thi (m%ngay) S.1.4.2 -
Nhu cdu sir dung nudc sinh hoat tai cac viing néng thén (m3/ngay) S.1.43 -

2.3. Phuong phap ngi suy khong gian

Phuong phap nay dugc ap dung dé tinh toan kha ning phoi nhiém cua cac khu vuc khac
nhau trong pham vi nghién ctru. Phuong nghich ddo khoing céach (Inverse Distance to a
Power) va phan mém Surfer 10.0 duoc sir dung.

Phuong phap nghich dao khoang cach xac dinh cac gia tri cho cac 6 ludi bang cach tinh
trung binh cac gia tri cua cac diém mAu trong ving lan can ciia mdi 6 ludi. Piém cang gan
diém trung tim (dang xac dinh) cang c6 anh huéng nhiéu hon.

Cong thure ndi suy:

2(So) = X1 MLiZ(S) (6)
Trong do:

B= e 7

S Sy o

Trong d6 djj la khoang cach khong gian gitra 2 diém thir 1 va thu j, s6 mii p cang cao,
mirc d6 anh huong cua cac diém & Xa cang thap va mot sb xem nhu khong dang ké, thong
thuong p = 2. Tuy nhién, trong mot sd truong hop mat do dir ligu dau vao cao, p phai ting
cao twong Gmg. Trong dé tai nay, dy kién ap dung p = 5.

1.0 q
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Hinh 3. Méi quan h¢ giir sw anh huong va khoang cach.
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2.4. Phwong phdp Idp ban do

L&p ban db chi sb tac dong duoce tinh toan tir d& tai nghién ctru chong 16p 1én cac 16p
ranh gioi hanh chinh, 16p dir liéu khoang san.

Va cac ban do chi sb tac dong duoc xdy dung bang k¥ thuat tich hop thong tin, chdng
ghép cac 16p thong tin ¢o trong so, tong hop, tinh toan cho cac chi s6 chinh va chi s6 phu...
théng qua phan mém ArcGIS 10.1 trén ban do nén ty 1& 1: 50.000, hé toa d6 VN_2000.

3. Két qua va théo ludn

Duya trén ban dd hién trang khoang san nim 2015 (khai thac khoang san) va ban d6 loai
khoang san va cong ty khai thac két hop vé6i bo chi sé himg chiu (E) va bo chi s nhay cam
(S) trinh bay ¢ muc 2.2 trong bang 2 va bang 3. Tu do, ching t6i thuc hién tinh todn mtrc d6
nhay cam, hing chiu cho tinh Binh Phuédc va tdc dong cuia BDKH dén linh vyc khai thac
khoang san khu vyc tiém nang khoang san s& bi anh hudng 16n.

Bang 4. Két qua tinh toan chi sb tic dong I dén linh vuc khoang san tinh Binh Phudc.

IKS [IKS IKS IKS IKS [IKS [IKS [IKS [IKS [IKS

45— 45— 45— 45— 45— 85— 85— 85— 85— 85—

2025 2030 2050 2070 2100 2025 2030 2050 2070 2100
Ddng Xoai 033 021 0,36 0,37 0,36 0,38 0,37 0,37 0,37 0,37 0,38 0,38
Phuéc Long 0,37 0,24 0,45 0,48 0,47 0,49 0,49 0,43 0,44 0,49 0,49 0,49
Binh Long 037 0,24 0,45 0,43 0,43 0,43 0,44 0,44 0,42 0,43 0,43 0,43
Chon Thanh 0,35 0,25 0,45 0,45 0,44 0,44 0,45 0,45 0,45 0,44 0,44 0,44
Hén Quan 0,37 0,25 0,51 0,50 0,50 0,49 0,51 0,51 0,50 0,50 0,49 0,49
Pdng Phu 0,32 0,26 0,44 0,47 0,45 0,46 0,46 0,45 0,48 0,46 0,46 0,47
Loc Ninh 0,38 0,19 0,48 0,47 0,47 0,46 0,48 0,46 0,46 0,47 0,46 0,46
Pha Riéng 0,36 0,25 0,49 0,51 0,49 0,51 0,51 0,47 0,48 0,50 0,51 0,49
Bu Dang 0,36 0,21 0,47 0,47 0,46 0,48 0,47 0,47 0,46 0,48 0,48 0,48
Bu Hép 041 0,23 0,51 0,50 0,51 0,52 0,53 0,48 0,48 0,52 0,52 0,50
BuGiaMip 043 0,17 0,60 0,60 0,59 0,59 0,60 0,55 0,56 0,60 0,59 0,58

Huyén Chi Chi
thanh SOE s6S

Két qua chi s tac dong (I) trong bang 4 va hinh 4, hinh 5 cho thy, muc d6 tac dong do
BPKH dén tiém ning khai thac khoang san 1a & muc vira va cao, cao nhat 12 0,60, dao dong
tir 0,36-0,60, tuc 1a ¢ thang thir 3 (mau cam) va thir 4 (mau do) trong thang mirc do tac dong.

— Cac huyé¢n, thanh, thi nhu Déng Xoai, Phudc Long, Binh Long, Chon Thanh, Hén
Quén, Pong Phii, Loc Ninh, Pha Riéng, Bu Ding hing chiu truéc BDKH thap, nhung tiém
can dén mirc vira (chi sb E tir 0,32-0,38), con huyén Bu Ddp va Bu Gia Map himg chiu trude
BDKH vura (E tir 0,41-0,43).

— Trong khi d6, tinh Binh Phudc mirc 6 nhay cam véi BPKH 14 thap, trong d6 thap
nhét 1 huyén Loc Ninh va Bu Gia Mép. Huyén Bu Gia Mép ¢ ty 1¢ ring cao nén murc nhay
cam trung binh rat thap nhung néu rimg suy giam thi mirc nhay cam can xem Xeét lai. Cac
huyén thanh con lai ¢6 mirc d nhay cam ¢ thang thir hai la thap, tur 0,20-0,40.

+ TP. Dong Xoai chiu mirc d6 tac dong thap nhat & tit ca kich ban, mirc do tac dong
ciing & mic thip theo 5 thang danh gia, gia tri I1a 0,36-0,38. Diéu nay ciing giai thich rang
vi mire d6 himg chiu (khoang 0,33) va nhay cam (khoang 0,21) truéc BDKH cua TP. Pong
Xoai 1a thip, bén canh d6 thanh phd ¢6 kha ning thich cao, dong thoi thanh phd 1 trung tam
dich vu, gido duc cua tinh, khong cé nhiéu cac khu vuc khai thac khoang san.

+ Bén huyén gém Bu Ddp, Bu Gia Map, Hén Quan va Phu Riéng chiu tic dong do
BDKH cao nhat trong cac huyén thi, & murc cao trong thang thir 3 (theo thang danh gia), ¢ tat
ca céac kich ban déu mau cam. Riéng huyén Bu Gia Map 1én dén muc do 1a phai can trong
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nhét boi mire tac dong do BDKH, khu vuc khai thac khodng san phai dugc xem xét ky ludng,
cac loai dit ciing can duoc kiém tra do mua 16n, han han va ngap s& anh huéng 16n (0,36
0,43, chi sb E).

+ Cac huyén, thi con lai c6 muc do tac dong do BDKH dén tiém nang khai thac khoang

san ciing dang quan tam, vi dao dong tir 0,42-0,51. Nhimng huyén thi nay tap trung nhiéu mo
khai thac 16n, gan nhu tap trung & cac huyén nhu Bu Pang, Loc Ninh, Chon Thanh. Do vay
can can trong va céac bién phap va quy hoach dang luu V.
Trude nhitng tac dong nhu viy cia BPKH, cac huyén thi ciing cn luu ¥ bién phap va kha
nang thich Gmg trudc BPKH dé 1am giam mirc himg chiu xudng, trong d6 phai 16ng ghép dén
linh vuc khoang san. Nhitng khu vuc tiém ning khoang san nhu huyén Hén Quan va Pha
Riéng can dic biét can trong do hai huyén nay chiu tac dong vira nhung murc do tdn thuong
ciing cao. Khi quy hoach khai thac khoang san can luu tim dén huyén Bu Pép va Bu Gia
Map day 14 hai huyén c6 mirc himg chiu BDKH 16n, tac dong cao, ton thuong cao.
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Theo ting kich ban BDKH, mirc do tac dong dén khu vuc tiém ning khai thac khoang
san. Vao nam 2025, chi sb 1 & mre tr 0,37-0,55. Tuy nhién cac khu vuc c6 chiu tac dong cao
1a & cac huyén Bu Gia Map, Hén Quan, ké dén 1a Bu Dép, Bu Pang va Phu Riéng.

Pén nam 2030, chi sd I & mirc tir vira, tang hon mot chut so voi nam 2025 & kich ban
RCP 4.5. Tuy nhién cac khu vuc khai thac khoang san bi tic dong cao di thay ddi, Péng Phi
o gitra thé ky chiu muc tac dong vira. Vao nam 2050, chi s6 1 cao nhit t&i 0,60, dao dong
trong khoang tir 0,37-0,60. Trong d6 c6 4/11 huyén thi & mirc vira 1a Bu Gia Map, Bu Dép,
Phu Riéng, Hén Quan. Khu vyc khong thay d6i nhiéu so voi ndm 2025 va 2030 nhung mtc
tac dong cao hon. Pén cudi thé ky, pham vi tac dong rong khong thay doi, va muc do tac
dong cao tir 0.36-0,59. Va 4/11 huyén thi xuyén sudt luén bi muc ton thuong cao 1a Bu Gia
Maip, Bu Bép, Phu Riéng, Hon Quan. TP. Pdong Xoai van 1a thanh phé chiu mutc d6 ton
thuong thap nhét tir 0,35-0,38, & kich ban nay TX. Binh Long c6 mtc tac dong giam xudng
so vo&i cac tinh khac.

Nguyén nhan dan dén mirc d6 tac dong ciia BDKH dén khoang san cao 14 do phoi nhiém
cua tinh c6 nguy co tang cao chu yéu do céac hién tugng thoi tiét cuc doan (mua, bao, nhiét,
ngap, han han, ...) ngay cang c6 xu hudng gia ting do BDKH. Bén canh do, tinh nhay cam
ctia dia phuong ciing kha cao, xudt phat tir cac loai tai nguyén thién nhién ciing nhu linh vuc
kinh té con phu thudc vao thoi tiét, sirc ép gia ting dan sb. Biéu hién rd nét nhat d6 1a huyén
Bu Gia Mép va Loc Ninh du mtrc d§ nhay cdm trung binh cda kinh té x4 hoi véi BDKH &
thang rat thap nhung mirc do himg chiu trung binh cua kinh té x4 hoi cao, dan dén tac dong
cao, con TP. Pong Xoai thi nguoc lai. Nhitng khu vuc tiém ning khai thac khoang san 1a Phu
Riéng, Hén Quan, Bu Pang can déng luu tim nhat, noi day tap trung cac mo Laterit, sét gach
ngdi, cat, Andesit, dat san l4p va nhiéu cong ty khai thac khoang san tap trung & day.
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4. Két ludn

Bai bao di danh gia mirc d6 tac dong cia BDKH dén tiém ning khai thac khoang san
tinh Binh Phudc. Qua qua trinh phan tich, danh gia mirc do ton thuong dén tiém ning kinh
té x3 héi dya trén muce d§ nhay cam, kha nang hirng chiu va kha nang thich ing c6 thé nhan
thdy ring:

— Céac huyén, thanh, thi nhu: Déng Xoai, Phudc Long, Binh Long, Chon Thanh, Hén
Quan, Pong Phu, Loc Ninh, Phi Riéng, Bu Dang himg chiu truéc BPKH thap (chi sb E trung
binh tir 0,32-0,38), con huyén Bu Ddp va Bu Gia Mép hing chiu truéc BPKH vira (E trung
binh tir 0,41-0,43). Trong khi d6, tiém ning kinh té x4 hoi c6 muc nhay cam véi BPKH thép,
trong d6 thip nhét 1a huyén Loc Ninh va Bu Gia Map, cac huyén thanh con lai c6 mic do
nhay cam thap. Tuy nhién vi mirc do himg chiu trudc thién tai ciia huyén Loc Ninh va Bu
Gia Map 1a muc vira, két hop kha ning thich g twong ddi thap do vay muc do ton thuong
la cao trén 0,70.

— Bén huyén gom Bu Pép, Bu Gia Map, Hon Quan va Phu Riéng chiu tac dong do
BDKH dén tiém ning khai thac khoang san cao nhit trong cac huyén thi, & muc cao trong
thang thir 3 (theo thang danh gid), & tat ca cac kich ban déu mau cam. Riéng huyén Bu Gia
Map lén dén muc do 1a phai can trong nhét béi mirc tac dong do BDKH, khu vuc khai thac
khoang san phai duoc xem xét ki ludng, cac loai dét cling can duoc kiém tra do mua 10n,
han han va ngap s& anh hudng 16n. Do vay cac huyén nay phai phai danh gia lai tiém ning
c¢6 nén khai thac thém hay khong, va khi khai thac can can trong trong danh gia khai thac tai
nguyén trong tuwong lai. Chinh vi thé, khai thac qua mirc dic biét 14 rimg, bazan: nhing loai
nhay cam do mua, ngp s& khién mirc do nhay cam ting va nhu vay sy tac dong la rat 16n,
ngoai ra huyén Pha Riéng va huyén Hon Quan tap trung nhiéu cong ty, mo khai thac khoéng
san nén dac biét phai luu tdm sy tac dong.

— Céc huyén, thi con lai cua tinh Binh Phudc c6 muc d6 tic dong do BDKH dén tiém
nang khai thac khoang san cling dang quan tam, vi dao ddng tir 0,42—0,51. Nhitng huyén thi
nay tap trung nhiéu mo khai thac lon, gan nhu tap trung & cac huyén nhu Bu Dang, Loc Ninh,
Chon Thanh. Do vay can can trong va cac bién phap va quy hoach dang luu ¥.

— Pén cudi thé ky, pham vi tic dong rong khong thay d6i, va muc do tac dong cao tir
0,36-0,59. Trong do, 4/11 huyén thi ludn bi murc t6n thuong cao la Bu Gia Map, Bu Dop,
Phu Riéng, Hon Quan. TP. Ddng Xoai van 1 thanh phd chiu mirc d¢ t6n thuong thap nhat tir
0,35-0,38, & kich ban nay TX. Binh Long c¢6 mitc tac dong giam xudng so voi cac huyén
khéac.

Nhitng khu vure tiém ning khai thac khoang san 1a Pht Riéng, Hon Quan, Bu Pang can
dang luu tam nhat, noi day tip trung cac mo Laterit, sét gach ngoi, cat, Andesit, dat san 1ap
va nhiéu cong ty khai thac khoang san tap trung & ddy. Nhung nhing tai nguyén khoang san,
cac mo khai thac dé& bi ton thuong vai cac yéu t6 BDKH. Nhiét do cao, khd han s& 1am nghiém
trong hon cac vu chay rimg trén dia ban tinh, cac tran mua 16n, ngap dé pha hay céc cac loai
khoang san, nguy hiém cho cac mo dang khai thac.

Dong gop cia tac gia: Xay dung y tuong nghién ctru: L.H.N., P.T.L.; Lua chon phuong
phap nghién ctru: L.H.N., P.T.L., T.T.H.; Xir 1y s6 liéu: N.V.T., H.C.T.; Tinh toan: N.V.T.,
H.C.T.; Phén tich két qua: LHN., N.V.T., H.C.T.; Viét ban thao bai bao: L.H.N., N.V.T,,
H.C.T.; Chinh stra bai bao: H.C.T.

Loi cam on: Nghién ctru nay dugc thuc hién dudi sy tai trg ctia dé tai nghién ctru khoa hoc
cap Tinh 1a dé tai: “Péanh gia anh huéng cia BDKH dén bién dong dién tich va co cau sir
dung dét, tiém nang phat trién kinh té xa hoi, tiém ning khai thac cac loai tai nguyén khoang
san trén dia ban tinh Binh Phudc”.



Tap chi Khi twong Thiiy van 2021, 726, 57-69; doi:10.36335/VNJHM.2021(726).57-69 68

Loi cam doan: Tap thé tac gia cam doan bai bao ndy 13 cong trinh nghién ctru cua tap thé
tac gia, chua dugc cong bd ¢ dau, khong duoc sao chép tir nhitng nghién cuu trude day;
khong ¢o6 su tranh chap loi ich trong nhom tac gia.
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Assess the impact of climate change on the mineral exploitation
potential of Binh Phuoc Province
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2 Sub—Institute of Hydrometeogology and Climate change; hocongtoanhdh@gmail.com;
longpham.sihymete@gmail.com

Abstract: The study provides analysis and assessment results of climate change (CC)
impacts on mineral exploitation potentials in Binh Phuoc Province. To perform the study
evaluation inherited the results of constructing the scenarios of temperature, rainfall,
drought and inundation under the scenario of CC and sea level rise (SLR) in 2016 of the
Ministry of Natural Resources and Environment and the set of indicators. The assessment
is developed according to the guidance of the Intergovernmental Panel on Climate Change
(IPCC) in 2007. On that basis, the results on the level of impacts and effects of CC on the
mineral exploitation area in the province. Binh Phuoc is assessed to each district and region,
specifically: the mining areas in Dong Xoai city (Dong Xoai city) suffer the lowest impact
from 0.36-0.38; Bu Gia Map district has a high level of impacts from climate change on the
mining area, with an impact index of about 0.60. The remaining provinces of Binh Phuoc
province have mining potentials that are affected moderately with the impact index of 0.43—
0.53 under the influence of CC. Although the article only shows the extent of the impact of
CC, not to mention other indicators, the research results have contributed to providing
information for Binh Phuoc Province, serving the planning of areas exploiting the worms.
in the context of CC.

Keywords: Impact of Climate change; Mineral.
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Tém tat: Nghién ctru khi hu tng dung la mot trong nhimg hudng nghién ciru co tinh
thuc tién cao nham phuc vu phat trién kinh té theo hudng bén vimng. Pong thoi, gop phan
khai thac sir dung hop 1y nguon tai nguyén thién nhién, bao vé mdi truong cho mot vung
lanh thd nhét dinh dé hudng téi san xuat nganh nong nghi€p mot cach hiéu qua. Bai bao
ap dung phuong phap phén vung khi hu néng nghiép bang cong cu Luset dugc tham s6
hoéa cac yéu té khi twong, thd nhudng, dia hinh. Két qua tinh toan cho thay Tinh Tuyén
Quang dwoc phan thanh 4 ving khi hau néng nghiép chinh d6 1a: vung rét thich nghi
khoang 281.406 ha, chiém 48,5% tong dién tich toan tinh; Vung thich nghi khoang
164.088 ha, chiém 28,3%; Ving it thich nghi khoang 70.813 ha, chiém 12,2% va ving
khong thich nghi khoang 64.375 ha, chiém 11,1%.

Tw khéa: Phan vung; Khi hau nong nghi¢p; Cong cu Luset.

1. Mé dau

Nong nghiép co mdi quan hé chit ché d6i v0i cac diéu kién tu nhién, trong d6 khi héu
1a yéu t6 co tac dong manh mé nhat dén san xuit nong nghiép. Yéu t6 khi hau chinh duogc
xéac dinh cho hoat dong trong trot 1a: anh sang, nhiét o, do am [1-2, 4-8, 11-17]. bay la
nhimg yéu té khong the thiéu va khong thay the cho nhau dugc d6i v6i su sdng néi chung,
su sinh truong, phat trién va hinh thanh ning suat, ciy tréng noi riéng.

Diéu kién khi hau nong nghiép & mdi noi 1a khic nhau va cin ct vao sy khac nhau d6
dé phan chia thanh cac don vi khi hau néng nghiép duoc goi 1a phan ving khi hau nong
nghiép. Nhiém vu cua phan vung khi hau néng nghiép 1a thue hién phan chia cac don vi khi
héu ndéng nghiép thanh ving, tiéu viing,... khac nhau béi cac chi tiéu khi hau nong nghiép
va cac diéu kién san Xuat néng nghiép. Trong qua trinh phan vung c6 thé phat hién ra duoc
cac vung tuy rat xa nhau nhung rat twong dong vé tai nguyén khi hau nong nghiép, rat bd
ich dé di thuc hodc nhép néi gidng cay trong thich hop [14-16]. Két qua nghién ciru [17]
chi ra rang cac ban dd phan ving duoc xem la mot trong nhiing dich vu khi hau ndng
nghiép khong thé thiéu trong quy hoach va phat trién néng nghiép. T6 chirc Khi twong Thé
giéi (WMO) cho rang muyc dich ctia phan ving khi hau nong nghiép nham phat trién hé
thdng trong trot thich nghi, tang thu nhép cho nong déan, quan ly duge rui ro [18-20].

Tuyén Quang 1a tinh c6 tiém nang phat trién nong nghiép, theo dinh hudng phat trién
cua tinh trong tam trong giai doan toi bao gom cac ndi dung cu thé nhu: (1) Phat trlen nong
nghi¢p theo hudng xay dung cac canh dong mau 16n; (2) Tap trung chuyén doi co céu kinh
té nong nghiép, gia tang gia tri san pham trén mot don vi dién tich; (3) Néng cao nang sudt,

chit lugng nong san, dat hidu qua cao va bén viing. C6 thé thy day la chién luoc lau dai
Tap chi Khi twong Thuy van 2021, 726, 70-77; doi:10.36335/VNJHM.2021(726).70-77  http://tapchikttv.vn/
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trong phat trién nong nghiép cia tinh, do vy, can c6 nhimg danh gia dung muc vé tai
nguyén KHNN, ¢6 nhimg dinh huéng quy hoach, mé rong khong gian phat trién trong trot,
phat trién cac ving chuyén canh cdy an qua co gia tri kinh té hang hoa mot cach cu thé.
Trong d, viéc xac dinh nhiing vung c6 kha nang mé rong san Xuét néng nghiép, lua chon
nhiing loai cay trong phat trién Thich nghi la nhimg van dé cap thiét. Cay trong trong nong
nghiép ¢ rat nhiéu loai nén khi tién hanh nghién ctru, danh gia va phén vang KHNN cho
phat trién nong nghiép 6 Tuyén Quang, Bai bao da lya chon mét s6 cay trong chu luc, co
thé thich hop voi diéu kién khi hau dia phuong, c6 gi tri kinh té, uu tién cac loai cy trong
dang 13 thé manh cua tinh. Trong d6, tap trung vao 3 nhém cdy: Nhom cay luong thuc (la,
ng0); Nhom cay an qua (cam, nhan); Nhom cay cong nghiép (che, mia).

Muc tiéu nghién ctu cua bai bao l1a ap dung phuong phap phan vung khi hau nong
nghiép dua trén cong cy LUSET (Land Use Suitability Evaluation Tool) [13] dé phan vung
khi hau noéng nghiép cho khu vue nghién ctru tinh Tuyén Quang phuc vu muyc dich chuyén
doi co cdu cy trong.
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Hinh 1. So do khu vuc nghién ctu tinh Tuyén Quang.
2. Dir liéu sir dung va phwong phap nghién ciru

2.1. Dir liéu sur dung

Phén vung khi hdu noéng nghiép tinh Tuyén Quang ap dung cho linh vuc tré\ng trot voi
mot s cay trong chinh dugc nhom tac gia nghién ctu va sir dung cac so liéu dau vao nhu
sau.

— Dit lidu khi twong: St dung dit liéu nhiét d6 trung binh thang, téng lwong mua trung
binh thang giai doan 1961-2018 cua 15 tram khi tugng vung nghién ctu va khu vuc lan
can.

— Dit liéu ban dd dét va dja hinh: duoc sir dung dé tinh toan do sau tang dat va do déc
dia hinh, 1am dau vao cho viéc danh gia kha ning trong trot clia cac loai cdy trong.
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2.2. Phwong phap nghién cuu

- Phuong phap tinh toan thong ké: Phuong phap nay duoc &p dung dé tinh toan cac dic
trung tai nguyén khi hau ndng nghiép (anh séng, nhiét, am) tir sb liéu cac tram quan trac
[10].

- Phuong phap ndi suy: Sir dung phuong phap ndi suy dé tinh toan théng sé do doc va
phan bé theo khéng gian cua dit liéu khi tuong, dir liéu tang day dat [3, 9].

- Phuong phap phan vung khi hau ndng nghiép dua trén cong cu LUSET:

Cong cu LUSET (Land Use Suitability Evaluation Tool) [13], 1a cong cu tich hop cac
Modulle tinh toan bao gdm: Modulle vé nhu cau cua cdy trong, Modulle vé thong tin don vi
dat va Modulle tinh toan mirc do thich nghi. Cong cu LUSET cho phép tinh toan sy thich
nghi (OVS) riéng biét cua tirng nhom yéu td va tich hop tit ca nhom yéu t thanh chi sb
OVS tong hop. Chi sé thich nghi dugc xac dinh 13 diém s6 thap nhat trong tat ca cac yéu tb
duogc xem xét, OVS dugc tinh theo cong thure sau:

OVS = Min ( SF1, SF2, SF3 ... SFn) 1)

Trong d6 OVS 1a gia tri thich nghi; SF1, SF2, SF3 ... SFn 1a diém s6 thich nghi (dao
dong tir 0 dén 100) cua n yéu té duoc chon.

Qua trinh tinh toan chi s6 OVS dugce thuc hién theo 2 budc:

Budc 1: Tinh todn OVS riéng biét cho timg nhom yéu té (OVSg), OVSg c6 thé 1a
nhom dat—dia hinh (d6 déc, d6 sau ting dat), nhom nhiét do (nhiét do trung binh theo
thang) hodc nhém nudc (lwgng mua theo thang va gia dinh khong tudi).

OvSg=1£(S1, 82, ..., Sn) (2)

Trong d6 S1, S2, ... Sn 1a diém s0 thich nghi cua céc yeu t6 trong mot nhom; f 1a ham
chirc ning dé tinh toan sy thich nghi tong thé (ham Min).

Bing 1. Cac muc thich nghi twong tng voi nhan té trong s6 [13].

Miic d9 thich Trongsé6=1 Trongsé=2 Trongsb=3

S1 85 95 100
S2 60 65 70
S3 40 45 50
S4 0 10 15

Budc 2: Tinh toan sy Thich nghi tong thé tir ba nhom yéu t6 (dat—dia hinh, nhiét, mua)
OVS =f (S, St, Sw) 3)

Trong d6 S, St, Sw 1a gia tri OVSg twong tmg d6i v6i cac nhom yéu td dat—dia hinh,
nhi¢t va mua.

Trén co sO két hop gitra cac loai thich nghi cho timg nhom yéu t6 OVSg va sir dung
phuong phép tbi thiéu (cong thire 1 va 2) dé tao ra mot gia tri c6 khoang dao dong tir 0 dén
100, gi4 tri nay chinh 13 diém s6 OVS cia yéu t6 duoc xét d6i véi mot cay trong cu thé
trong mét don vi di¢n tich. Tu két qua nay, s€ phan loai dugc theo cac mirc do thich nghi
S1,S2,S3vaN.

Bang 2. Phan cip muc do thich nghi téng thé [13].

STT DPiém sb t(x)ng Ky hiéu Mikc d9 thich
1 > 85 S1 Rét thich nghi
2 >60va<85 S2 Thich nghi
3 > 40 va < 60 S3 it thich nghi
4 <40 N Khong thich

Céc két qua dau ra tir cong cu LUSET 12 bang gia tri cac diém sd tong hop dbi véi cac
loai cay trong da lga chon. Sau d6 st dung phan mém Arcgis dé chong ghép cac ban do
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phan b6 khong gian cho cac nhém cay tréng di lwa chon dé xac dinh ban dd phan ving khi
hau nong nghiép chung cho tinh Tuyén Quang.

3. Két qua va thao ludn

Nghién ctru di tinh toan va phan vung khi hau néng nghiép cho cac cy trong chu luc
cia Tuyén Quang d6 la: (1) Nhom cdy luong thuc (lta, ngd); (2) Nhom cay an qua (budi,
cam); (3) Nhém cay cong nghiép (ché, mia). Két qua phan ving nhu sau:

a) Déi véi nhém cdy heong thue (la, ngo)

Phan 16n cac khu vyc cé dia hinh thap, d6 doc nho ¢ dia ban cac huyén nhu: Chiém
Hoa, Ham Yén, Son Duong, TP Tuyén Quang va Yén Son dugc danh gia 1a rat thich nghi
cho phat trién cay laa. Mot s6 khu vuc ven song sudi ciia cac huyén Lam Binh va Na Hang
v6i phan hang thich nghi ciing c6 thé phat trién loai cdy trong nay (Hinh 2a).

Vung rat thich nghi cia cdy ngd phan bd kha rong, tp trung hau hét dién tich & cac
huyén Son Duong, Yén Son, TP Tuyén Quang, Chiém Hoa, Ham Yén. Khu vuc Na Hang,
Lam Binh ciing c¢6 thé phat trién loai cdy trong ndy trén cac ving go, ddi va ven séng sudi
c¢6 d6 ddc dudi 300 (thude ving thich nghi) (Hinh 2b).
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Hinh 2. (a) Ban dd phan ving KHNN ddi véi cdy lua tinh Tuyén Quang; (b) Ban d6 phén ving
KHNN d6i véi cay ngd tinh Tuyén Quang.

b) Déi véi nhém cdy dn qua (cam, nhan)

Vung rat thich nghi d6i v6i cay cam phan bd phan 16n & cac huyén Chiém Hoéa, Son
Duong, Yén Son va TP Tuyén Quang va phan nho ¢ khu vuc thung ling cac huyén Lam
Binh va Na Hang . Vng thich nghi phan b rai rac khap cic huyén, noi ¢ dia hinh thap,
d6 dbc nho, diéu kién khi hau pht hop v6i yéu ciu sinh thai cta ciy cam (Hinh 3a).

Khu vyc rat thich nghi d6i v6i cay nhin phan bd twong tu nhu ddi véi cay cam, tuy
nhién phan dién tich thich nghi duoc mé rong hon & khu vuc huyén Lam Binh va Na Hang
(Hinh 3b).
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Hinh 3. (a) Ban d6 phan ving KHNN d6i véi ciy cam tinh Tuyén Quang; (b) Ban dd phan ving
KHNN d6i véi cay nhan tinh Tuyén Quang.

¢) Poi véi nhém cdy cong nghiép (ché, mia)

Cay che c6 thé thich nghi trén phan 16n dién tich lanh thd tinh Tuyén Quang, chi trir
nhitng khu vuc c¢6 dia hinh cao va do déc 16n. Vung rat thich nghi ddi véi cay ché phan b
& cac huyén Son Duong, Yén Son, Chiém Hoéa, Ham Yén va TP Tuyén Quang (Hinh 4a).

Khu vuc rat thich nghi dbi voi cay mia phan bé ¢ cac huyén Son Duong, Yén Son,
Chiém Hoéa, Ham Yén va TP Tuyén Quang. Mot sb khu vuc c6 dia hinh thap cia huyén
Lam Binh va Na Hang thudc phan hang thich nghi ciing thuan loi cho cdy mia phat trién
(Hinh 4b).

Tir cac ban dd phan ving thanh phan & trén, nhém nghién ciru di tién hanh phan tich
va chong xép cac ban do dé cdu thanh ban do phan ving nong nghiép cho tréng trot cia
tinh Tuyén Quang. Két qua cho thiy, Tuyén Quang dugc phan thanh 4 vung khi hu nong
nghiép (Hinh 5, Bang 3): Vung I (Vung rat thich nghi-S1): ¢6 dién tich 281.406 ha chiém
48,5% tong dién tich, uu tién phat trién cay luong thyuc, hoa mau; Vung 1l (ving thich
nghi-S2): ¢6 dién tich 164.088 ha chiém 28,3% tong dién tich, wu tién phat trlen cay an
qua, cay cong nghiép; Vung Il (vung It thich nghi—S3): 70.813 ha chlem 12,2% téng dién
tich, viing nay it pht hop cho phét trién néng nghiép, vi vy wu tién trong rung san XUAt;
Vuang IV (vung khéng thich nghi-N): co dién tich 64.375 ha chiém 11 1% tong di¢n tich
toan tinh, ving nay hoan toan khong phat trién duoc nong nghiép, hlIO’l’lg t6t nhat 1a bao vé
rung ty nhién va trong rung phong ho. Nhu vdy, qua tinh toan phan tich co the thay rang,
khong gian phét trién nong nghiép ¢ Tuyén Quang rat rong, voi gan 80% téng dién tich
toan tinh phu hop dé phat trién nong nghiép. Pay 1a loi thé kha 16n dé Tuyén Quang day
manh quy hoach phat trién nganh néng nghiép hang hoa.
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Hinh 4. Ban d6 phan ving KHNN dbi véi cy ché tinh Tuyén Quang; Ban d6 phan ving KHNN

doi voi cay mia tinh Tuyén Quang.
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Hinh 5. Ban d6 phan ving khi hau néng nghiép tinh Tuyén Quang.
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Bang 3. Kha ning trong trot trong cac viing KHNN tinh Tuyén Quang.

Piémsé Ky Mirc dd Dién tich

én VU 2 . ) : én céo kha ni ong trot
Tén vung téng hep hiéu thich nghi (ha) Khuyén c4o kha niing trong tro
| Cac loai cay lwong thuc hang ndm nhu laa,
Rt thich 6, khoai | | au cac loai va cé
>85  S1 atthic 281.406 90 Khoal lang, lac, dau cac loal va cac
nghi loai cdy rau mau, cdy dn qua, cdy cong
nghiép.
I > 60 VA Céc loai cidy an qua c6 mui, cdy dn qua
- s S2  Thich nghi 164.088 hang nam, lau nim nhu nhin, xodi,
hong,...cac cay cong nghiép nhu mia, che.
] > 40va o e
- <60 S3  tthichnghi  70.813  Phat trién trong rirng san xuét
v <o N Knéngthich . Ring ty nhién va ring phong ho diu
nghi nguon, dam bao can bang hé sinh thai.

4. Két luan

Két qua phan vung khi hau néng nghiép tinh Tuyén Quang da thé hién duoc phan bé
khong gian cac vung thich nghl cho phat trién nong nghiép.Viéc tich hop cac thong tin vé
diéu kién khi hau, dia hinh, thd nhuong dé xay du:ng ban d6 phan vung khi hau néng nghlep
chung va phan vung KHNN déi véi ting nhom cdy trong tinh Tuyén Quang la co so khoa
hoc quan trong trong viéc quy hoach khong glan canh tac va phat trién cac loai cay trong,
trong do trong tam la cac Cay luong thyc, cay cong nghiép va cay an qua. Ban do phan vung
khi hdu nong nghiép can c6 su két hop v6i dich vu khi hau trong ndng nghiép va klen thirc
ban dia dé dua ra khuyen cao thyc t€ va phu hop Cac thong tin dy bao thoi tiét, du bao
mua 1a cac yéu t6 can thlet dé diéu chinh co cAu cay trong, lich mua vu. Dy bao thoi tiét
hang ngay, theo tuan can duoc cap nhat va cung cap thuong Xuyen cho can by nong nghiép
va nguoi dan dé viéc ap dung két qua nghién ctru nay hiéu qua hon.

Dong gop cua tac gia: Xay dung y tuong nghién ctru: N.T.L., N. D.T.; Lua chon phuong
phap nghlen cou: N.T.L., N. D.T.; Xtr Iy s0 liéu: N. D.T; Tinh toan: N.T. L., N. D.T.; Phéan
tich két qua: N.T.L.; Vlet ban thao bai bdo: N.T.L., N. D. T ; Chinh stra bai bao N.T. L

Loi cim on: Nghlen ctru ndy duogc thuc hién dudi sy tai trg ciia dé tai nghién ctru khoa hoc
cap tinh, ma s6 DT.08-2018.

Loi cam doan: Tap thé tac g1a cam doan bai bao ndy 1a cong trinh nghién ctru cua tap thé
tac gid, chua duoc cong bd & dau, khong dugc sao chép tir nhitng nghién ctru trude day;
khong c6 su tranh chap loi ich trong nhom tac gia.
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Research on agricultural climate zoning for the purpose of crop
restructuring in Tuyen Quang province
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Abstract: Applied Research on climate is one of the highly practical research directions
for sustainable economic development. At the same time, it makes contribution to the
rational exploitation and use of natural resources, protecting the environment for certain
territory in order to obtain efficient agricultural production. The article applies the method
of zoning agro—climate by Luset tool parameterized with meteorological, pedigree and
topographic factors. Calculation results show that: Tuyen Quang province is divided into 4
main agro—climatic regions: the highly adaptive area is about 281,406 ha, accounting for
48.5% of the total area of the province; The adaptive area is about 164,088 ha, accounting
for 28.3%; Less suitable area is about 70,813 ha, accounting for 12.2% and non-adapted
area is about 64,375 ha, accounting for 11.1%.

Keywords: Zoning; Agro—climatology; Luset Tool.
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Tém tat: Bénh nhiém fluor ring (Dental fluorosis) — mot bénh ring miéng cong dong
thuong gap, nhung c6 thé phong ngira duoc do nguyén nhén tang cao qua muc flour trong
cac ngudn nude dudi dat. Hién nay, nhiém fluor ring van 1a mot van dé sire khoe cong dong
16n trén toan thé gidi, trong do co6 Viét Nam. Cac nghién ctru trudce day dugc thuc hién tu
nhimg ndm 2000 da chimg minh mdi lién hé giita cai thién sirc khoe ring miéng va nong do
flo (F) cao trong nudc udng (nude gleng) ¢ thi xa Ninh Hoa, tinh Khanh Hoa. Do do, mét
nghién ciru vé dién bién nguy co nhiém dental fluorosis trong cong dong da duoc thuc hién.
Két qua khao sat bang bang hoi da cho thay ty 1¢ dan s6 ¢6 nguy co méic bénh dental fluorosis
d3 giam so voi cac nghién ctu trude day. Dac biét, ngay tai khu vuc dé bi tén thuong la
nhimg khu vye c6 ham lugng F cao > 6 mg/L) nhu thon Ninh Xuén va Ninh Phung, s6 dan
s0 0 nguy co nhiém bénh da giam xuong chi con 18 va 12%. Nhin chung, chi c6 25% dan
sd cua thi xa Ninh Hoa c6 nguy co méc bénh dental fluorosis. Do la két qua tir viée thue
hién cac du 4n cAp nude sach cua chinh phu. Tuy nhién, trong thoi gian tdi Van can ting
cuong hon nira cac du an nay de co the thay thé hoan toan viéc sir ~dung nudc giéng trong
cong dong. Bén canh do, ciing can trién khai cac nghién ctru chi tiét hon vé tinh hinh dich
t& va ngudn cung cap F ¢ khu vuc nghién ctru.

Tir khéa: Thiy dia hoa; O nhidm Fluor; Nudc dudi dat; Nhiém fluor rang.

1. Mé diu

Flour (F) 1a nguyén t6 rat can thiét cho co thé song. Tuy nhién, khi ndng d6 F trong nudc
ubng cao hon muc 1,5 ppm s& giy tac hai 1au dai cho sirc khoe, dic biét gy bénh nhiém flo
rang (dental fluorosis) [1-3]. Theo y van, bénh dental fluorosis dugc dinh nghia la rang bi
nhiém doc man tinh boi F do sir dung nuéc udng co6 ndng do F cao [1]. Ngudi nhidm bénh
Xuat hién nhiing dom nau, den trén rang va co thé hinh thanh cac - mang, 16 gay hai cho men
rang. O nhidm F trong nudc udng 1a nguyén nhan chinh trong tat ca cac _nguyén nhan gay
bénh dental fluorosis. Cac két qua nghién ctru trude day da cho thiy 25 quoc gia trén thé gi6i
cod nong do florua cao trong cac ngudn nudc va khoang 200 triéu nguoi song dwa vao cac
ngudn nude co chira qua nhiéu florua gdy hiu qua nghiém trong dén stc khoe nguoi tiéu
dung [4-5]. Cac quoc gia duoc ghi nhan trong ban dd 6 nhiém fluor thé gidi dién hinh bao
g6m Ethiopi (8 dén 10 triéu ngudi bi anh huong; [6]); Mexico (5 triéu nguoi bi anh hudng;
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[7]); Argentina (1,2 triéu nguoi; [8]). Chau Au 1a khu vuc c6 rui ro thap, chi c6 mot s khu
vuc nhu Tay Ban Nha [9] va Nauy [10].

O Chau A, cac qubc gia co ham luong F cao bao gém An d0, Trung Qudc, Sri Lanka [2-
3, 11-12]. Khoang 66 triéu nguoi dan An d6 va 45 tridu nguoi dan Trung Qudc sinh song
trong ving c¢6 nguy co 6 nhiém. O Viét Nam, Binh Dinh, Khanh Hoa va Pha Yén 1a céac dia
phuong c¢6 xuit hién bénh dental fluorosis [13-15]. Thi xi Ninh Hoa (tinh Khanh Hoa) 1a
mot trong nhitng dia phuwong dau tién da phat hién ddu hiéu cua bénh. Cac két qua nghién
ctru giai doan 1990-2992 da budce dau ket ludn nguyén nhan gay ra bénh chét rang la do sy
xuét hién cua di thuong F trong nudc udng tir cac giéng dao cua ngudi dan. Ké tir khi dau
hiéu bénh héng men ring, nguodi dan dia phuong goi 13 chét ring dugc dé cap dén tir nim
1985. Vao nam 1999, sé ngudi méc bénh dental fluorosis & Ninh Hoa di phat hién dugc trén
76% dan sb khao sat c6 dau hiéu mac bénh. Pén nim 2000, mot nghién ciru kha chi tiét vé
sy phan b F trong cac hop phan mdi trudng ty nhién (nude mat, nude dudi dat va moi trudng
dat). Két qua nghién ctu cling xac nhén nguoi dan dia phuong bi hong rang ¢ cac mirc do
khac nhau vi sir dung nudc giéng dao c6 ham luong fluor cao [15-17]. Gan day nhét, két qua
phan tich ciing cho thay su hién dién cta di thuong F trong nudc dudi dat & khu vuc Ninh
Hoa. 50% tong s6 mau (trong tong s6 26 mau phan tich) da c6 ham luong F cao hon quy
chuan cho phép [18]. Gia tri F 16n nhat do dugc tai X4 Ninh Xuan da 1én t6i 10 mg/L, cao
hon gi tri gi¢i han 7 lan.

Véi thuc té hién nay tuy nguon nuéc cip da dén dugc nhiéu noi nhung nuge gleng van
dugc cac ho str dung rong rai, nhit 1a cdc ho ngudi dan toc, thi nguy co tiép dién bénh
fluorosis van 1a vin dé can dugc quan tim cua thi xa Ninh Hoa. Do d6, muc tiéu cua dé tai
1a khao sat sy chuyén bién ddi v6i cac bénh vé ring co thé lién quan dén du luong F trong
cong dong & khu vuc thi xa Ninh Hoa. Pham vi nghién ctru 13 11 x4 thudc thi xa Ninh hoa,
la c4c dia phuong da dugc ghi nhan xuét hién bénh dental fluorosis trong cac nghién ctru
trudce day.

2. Phwong phap nghién ciru

Nhém nghién ctru da tién hanh thu thap thong tin bang phiéu khao sat cac ho gia dinh
sinh song tai 11 xa thudc thi xa Ninh Hoa, tinh Khanh Hoa. Thong tin vé cac h{ khao sat &
moi xa dugc tong hop tai Bang 1.

Bang 1. Théng tin vé cac ho khao sét thudc dia ban thi xa Ninh Hoa.

S6 ho Thoi gian sinh Ngudn nwéc sir dung
STT Xa khio song tai dia ;
st phwong (niim) Nudére thiy cuc Nuéc gieng
Ninh Binh (NB) 4 2765 X X
Ninh Giang (NG) 1 30 X
Ninh Hung (NH) 8 26-61 X X
Ninh Phyung (NP) 8 5-61 X X
Ninh Quang (NQ) 4 39-56 X X
Ninh Sim (NS) 13 28-60 X
Ninh Tay (NT) 6 2-64 X X
Ninh Than (NTha) 10 10-57 x(03) X
Ninh Thugng (NThu) 6 24-50 X X
Ninh Trung (NTr) 11 32-55 x(02) X
Ninh Xuéan (NX) 22 14-69 x(11) X

Sb luong phiéu khao sat 1a 93 phiéu bao gom cac thong tin vé thoi gian sinh song tai dia
phuong, nguén nudce sur dung, thong tin vé giéng va diu hiéu cac bénh rang co thé lién quan
trong ho gia dinh. Do c6 hai phiéu khao tai x3 Ninh T4y c6 thoi gian sinh song tai dia phuong
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ngan (< 5 nim) do d6 d loai ra khoi dit liéu dé xu 1y. Céc théng tin ghi nhin duoc téng hop
va doi sanh vai cac nghién cuu trude day ¢ khu vuc nghién curu.

3. Két qua va thao ludn

3.1. Tinh hinh nhiém déc flo trén rang

Két qua khao sat cia nhom nghién ciru vao nam 2019 di cho thiy trong sé 11 x3 khao
sat da co 8 x4 c6 dau hiéu van con ngudi dan bi nhiém bénh dental fluorosis. Ty 16 nguoi dén
¢6 cac dau hiéu nhiém bénh dental fluorosis dugc sa“ip xép theo thu tu giam dan nhu sau:

Ninh Sim (53%) > Ninh Trung (45%) > Ninh Thuong (33%) > Ninh Quang (25%) >
Ninh Xuan (18%) > Ninh Tay (16%) > Ninh Phung (13%) > Ninh Théan (10%)

Khi so sanh véi cac nghién ciru trude ddy cho thay ty 18 ngudi dan nhiém bénh da co xu
thé giam rd rét. Vi du trong cic nghién ctu truée day thi Ninh Xuan, Ninh Phung va Ninh
Huong 1a cac dia phuong ¢ ty 18 ngudi méac bénh cao 1én dén déu ¢ mirc cao (67-97%) [15];
va 100% [17]. Nhung theo khao sat ciia nhom nghién ctru, ty 1& ngudi ¢ du hiéu nhidm
bénh cao nhét 14 ¢ x Ninh Sim (53%). O hai xi Ninh Binh va Ninh Hung thi 100% nguoi
dan dugc khao sat khong c6 ddu hiéu nhidm bénh (Hinh 1). V& m01 tuong quan gitra ty 1€
ngudi dan cé du hiéu bi nhiém bénh véi ham luong F trog nude giéng ciing c6 nhimng khéc
biét so véi cac két qua dd cong bd. Trude day, Ninh Thuong va Ninh Xuan 13 hai x3 c6 ty 18
ngudi nhiém bénh cao nhét [15]. Tuy nhién, dén thoi diém hién nay thi Ninh Sim va Ninh
Trung 1a hai xa co ty 1€ nguoi nhlém bénh cao hon cac dia phuong khac. Cac khu vuc co
lugng F ¢ murc cao (> 2 mg/L) bao gom cac xi Ninh Phung, Ninh Xuén, Ninh Binh va Ninh
Tay déu c6 s6 lwong nguoi co dau hiéu dental fluorosis rat thip. Con & cac xa c6 ty 1é ngudi
dan c6 nguy co nhiém bénh cao nhu Ninh Sim lai 12 khu vuc ¢6 ham luong F kha thap (0,96
mg/l) [15]. Riéng @i véi xa Ninh Trung 13 khu vuc c6 ham lugng F cao (0,3-1,9 mg/l) [7];
(0,5-2,8 mg/l) [8] thi ty 1& nguoi dan c6 nguy co nhiém bénh tuy da gidm nhung van con &
muc cao (45%).

Mot minh chimg khac lién quan dén bénh nhiém F rang la thoi quen sur dung nudc trong
sinh hoat. Xa Ninh Sim 14 khu vy ¢6 dia hinh doi nui thip nam vé phia tay cach thi xa Ninh
Hoa 13 km. Theo khao sat da cho thy nguoi dan van str dung ngudn nude giéng 1a chu yéu.
Thoi gian sir dung giéng thay doi tir 25 dén 40 niam, ngoai 1¢ 13 50 nam.
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Hinh 1. Ty 18 ngudi c6 déu hién nhiém bénh lién quan dén thoi gian sir dung nude giéng va do sau
giéng.

Thon Péng Da 14 khu vyc ¢6 nhiéu ngudi c6 du hidu nhiém bénh vai thoi gian sinh
song ¢ dia phuong tir 28—60 nam. Tuong ty, ¢ xa Ninh Trung, nguén nudc st dung chu yéu
la nudc giéng tur 30—50 nam. Nguoi dan c6 dau hiéu nhiém dental fluorosis nhu vang rang,
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duc rang déu la nguoi dan sinh séng trén 30 nam tai thon Quang Cu. O cac xa khac ¢o st
dung ca hai nguon nudc thi ty 1€ nguoi dan c6 dau hi€u nhiém dental fluorosis déu giam.

3.2. Nguon cung cdp F trong nwéc dudi dit

Sy hinh thanh ham luong F cao trong nudc dudi dat c6 thé co nhiéu nguyén nhén tir hoat
dong cua con ngudi (nude thai cong nghiép, phan hoa hoc trong nong nghiép, chat thai cong
nghiép hoic tir cac nghia trang) va dic diém dia chat khu vyc (thanh phan dat d4, tir cac mo
fluor va nudc khoang—nudc nong giau F). Tai thoi diém ndm 2000, ham luong F trong nudc
dudi dat (nudc giéng) da duoc thuc hién khao sat tai 13 xa trén dia ban khu vuc Ninh Hoa
(Ninh Tay, Ninh Sim, Ninh Xuan, Ninh Than, Ninh Thuong, Ninh Phung, Ninh Trung, Ninh
Hoa, Ninh Quang, Ninh Hung, Ninh Tho va Ninh An) c¢6 khoang bién thién tir 0,1 dén 6,8
mg/l. Di thuong cta F 1a 1 mg/L va 1,5 mg/L da phat hién trong 41% va 37% tong s6 mau
phan tich. Gan day nhét, vao nam 2017, két qua khao sat duoc thuc hién trén dja ban 6 xa
(Ninh Xuan, Ninh Than, Ninh Quang, Ninh Thugng, Ninh Phung va Ninh Trung da cho théy
ham lugng F trong nude dudi dat van & mic cao. Hai di thuong F 1a 1 mg/L va 1,5 mg/L da
phat hién trong 27% va 47% téng s6 mau phan tich. Tai khu vuc xa Ninh Xuan da xac dinh
dugc nong d6 F 1én dén 11 mg/L [18]. Do d6 c6 thé néi ngudn nude giéng tai khu vuc thi xa
Ninh Hoa van lién tuc duoc bd sung F.
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Hinh 2. Dién bién ham lugng F trong nudc dudi dét khu vuc thi xa Ninh Hoa, tinh Khanh Hoa [14—
18].

Cac nghién ctru trude day da chi ra rang nguyén nhén hinh thanh nong do F cao trong
nuéc ngam ¢ Ninh Hoa 13 do dic diém dia chat khu vuc. Cac di thuong F trong nudc dudi
dat hién dién ¢ cac khu vyc c6 hoat dong cong nghiép, stir dung phan hoa hoc trong nong
nghiép, chat thai cong nghiép hoic chat ban tir cic nghia trang khong nhiéu, nén nguyén nhan
nhan tao khong ¢ kha ning gy ra sy 6 nhidm fluor cho nuéc dudi dat. Sy phan bb khong
gian cua F trong nudc dudi dat & Ninh Hoa khong dong déu thé hién qua su dan xen giira cac
vung ham lugng F cao va thép, hinh thanh hai tuyén twong ddi r&: mot tuyén kéo dai theo
phuong T-D tur Ninh Tay dén Ninh Quang va tuyén khac theo phuong TN-DB tir Ninh Xuén
dén Ninh Thuong. Do do, F duge xdc dinh 1a c6 ngudn gdc tir cac thanh tao dia chat dudi sau
va di chuyén théng qua hé thdng kénh dan co ap 1a cac dut gay kién tao, cac doi pha huy va
khe nat. Ving Ninh Hoa ndm 6 ria DN dia khdi Kon Tum, trong d6i hoat hoa MZ-KZ, dic
trung bang cac hoat ddng magma x4m nhap va phun trao—tram tich da dang, thudc cac hé
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tang Mang Yang, Nha Trang, La Nga, déo Bao Loc. P4 magma tiéu biéu 1a cac d4 granitoid
thudc cac phuc h¢ Pinh Quan, Péo Ca va Ca Na. Trong cac da ndy c6 mat nhiéu khoang vat
c6 chura F nhu biotit, muscovit, apatit va dac biét 1a fluorit, v.v... Thém vao do, trong vung
c6 diém quing Hon San, ngudn goc nhiét dich, ndm trong khéi xAm nhép granit va fluorit 13
mot thanh phan di kém véi khoang vat molybdenit va cac khoang vat chua Ta.

Bang 2. Ham lugng F (%) trong cac khodng vt lién quan dén cac ¢4 magma granit [12].

Khoang vt Thanh phéin héa hoc Ham luwgng F (%) (*)
Fluorit CaF; 47,81-48,80
Biotit K(Mg,Fe)s[AlSiz010(OH,F)]2 0,08-3,5

Muscovit KAI(AlSiz010)(F,OH) 0,02-2,95
Apatit Cas(PO4)s(F,Cl,OH) 1,35-3,77

Sy xuat hién ciia cac ngudn nudc khoang nong ciing c6 thé 1a ngudn cung cap F truc tiép
khdi luong lon nhét. Tir cac khe nit trong d4 xam nhap granitoid hoac phun trao axit, F c6
thé xuét 16 trén mat dat theo cac ngué)n nude khoang nong voi luu lugng 16n, chay lién tuc.
Ham lugng F trong nuéc khoang rét cao, 1én dén 9-9,3 mg/l (Buon M’Dung). Vi vay cac
giéng nudc & gan diém xuat 16 nuéc khoang, déu co6 ham lugng fluor kha cao vi du nhu ¢ xa
Ninh Tay. Mit khac, két qua khao st ciing cho thdy cac giéng ¢ nhimg ho ¢6 nguy co nhiém
dental fluorosis thuong 1a cac giéng ¢ d6 sdu < 10 m. Do d6 rat c¢6 thé di co da nhitng ngudn
cung cap F khac cho tang chira nudc.
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Hinh 3. Méi tuong quan giira d6 sau giéng va nguy co nhiém be;nh dental fluorosis.

(A: Khu vuc khong c6 ngudi nhiém bénh, B: khu vure ¢6 ngudi nhiém bénh)

Tom lai, tuy ty 1€ nguoi dan c6 nguy co nhiém dental flurorosis dé giam dang ké 80 VOl
cac két qua di cong bd nhung van can c6 nghién ctru chi tiét hon dé danh gia lai ngudn gdc
cta F trong nude dudi dit va hé qua dén strc khoe cong dong ¢ khu vuc nghién ctru.

4. Két luan

Su hién dién cua néng do cao ion F trong nudce ngém 12 mot van dé 16n, n6 1am cho nude
khong phu hop dé sir dung cho muc dich an udng. Viée sir dung nudc co ndong do florua cao
lau dai s& giy anh huong tiém tang dén strc khoe con nguoi. Hién twong nhiém bénh dental
fluorosis & khu vuc thi xa Ninh Hoa, tinh Khanh Hoa c6 tinh chét lich sir. Hién nay, do nhiéu
khu vuc da duoc cung cdp nudc may nén tinh hinh nhiém bénh da c6 dau hiéu chuyén bién
tich cyc. Ty 1€ nguoi dan co déu hiéu nhi®m bénh da giam rat nhiéu so véi cac két qua nghién
ctru trude day. Tuy nhién, két qua diéu tra cho thiy nguoi dan van c6 théi quen str dung nude
giéng trong sinh hoat. Ngudn cung cép F chi1 yéu 1a thanh phan khoang vt ciia cic d4 magma
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x4m nhap va phun trao axit cling voi cac ngudn nudc khoang, nude nong. Cac doi pha huy
kién tao dong vai tro nhu nhiing hé thdng kénh dan F 6 ap dén cac gieng nude cua ho dan.
Do do, néu nguoi dan van tiép tuc st dung nudc giéng thi nguy co nhiém bénh dental fluorosis
s& van tiép tuc xay ra. Chinh vi vay, can nang cao nhan thirc cong dong dé nguoi dan tir bo
thoi quen st dung nudce giéng dé khong 1am anh huong dén strc khoe cong dong Bén canh
d6, ciing can trién khai cac nghién ciru chi tiét hon dé lam sang t6 cac ngudn goc khac cua F
¢ khu vuc nghién ctru. Dé bao vé sitrc khoe cong dong, cac diéu tra dich té hoc lién quan dén
bénh dental fluorosis ciing van can duoc trién khai rong rai, dac biét 1a trong chuong trinh
kham stc khoe ¢ cac truong hoc.

bong gop cho nghién ciru: Xay dung y tuong nghién ciu: HT.D., HT.T.T.; Lua chon
phuong phap nghién ctru: H.T.D.; Thu thap, phan tich, xt ly s6 li¢u: H.T.D., T.C.L.; Viét
ban thao bai bao: H.T.D., C.T.V.; Chinh stra bai bao: B.T.V.

Loi cam on: Nghién ctiru nay dugc thuc hién dudi su tai trg ctia dé tai nghién ctru khoa hoc
cap tinh, ma so PT.08-2018.

Loi cam doan: Tap thé tic gia cam doan bai bao nay 1a cong trinh nghién ciru cua tap thé
tac gia, chua dugc cong bo ¢ dau, khong dugc sao chép tir nhitng nghién ctru trude day;
khong c6 su tranh chap loi ich trong nhom tac gia.
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Temporal variation of dental fluorosis in Ninh Hoa district,
Khanh Hoa Province
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Abstract: Dental fluorosis—a major, but preventable, oral diseases and public oral health
problems—related with exceeded the fluoride level in natural groundwater sources. Dental
fluorosis remains as a major public health problem worldwide, including Vietnam. Previous
studies carried out since the 2000s demonstrated a link between dental fluorosis and
increased fluoride levels in drinking water of Ninh Hoa town, Khanh Hoa province. The
aim of this study was to determine the temporal variation of district’s population, who at
risk for dental caries or dental fluorosis, with questionair survey in Ninh Hoa town. The
results indicated that the rate of population at risk for dental fluorosis, has been decreased
in comparision with previous studies. In especially, in the vulnerable area with high fluorid
zones like Ninh Xuan, Ninh Phung wards (> 6mg/L), the number of population at risk
decreases to only 18 and 12%, respectively. Overall, only 25% district’s population were
risk of potential dental fluorosis. It is the results from implementation of drinking water
supply projects from government. However, the long-term operation of the replacement of
groundwater project need to be further strengthened. In addition, a further study on dental
fluorosis and sources of F should be carried out.

Keywords: Hydrogeochemistry; Contamination; Fluor; Groundwater; Dental fluorosis.
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