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Tém tat: Dong Nai ¢ téc do ting truong kinh té—xa hoi manh mé, dan sb ting va do thi
héa dién ra nhanh chong dan dén moi truong khong khi bi anh huong déng k& va mot
trong nhimg d6i twong luén dugc quan tam do la ozon (Os) mat dat. Ap luc tao ra cho
chinh quyén dia phuong trong viée dé xuét va xay dung giai phap giam thiéu va kiém soat
cac ngudn phat thai tién chat gop phan hinh thanh nén Os. Nghién ctru nay di ap dung cac
md hinh WRF (Weather Research and Forecast)/CMAQ (Community Multiscale Air
Quality Modeling System) két hop dé mé phong dic diém hién trang phan bd 6 nhiém O3
theo khong gian—thoi gian trong thang 01, 02/2019 va phan tich so b tac dong stc khoe
cong dong do nhép vién diéu tri ndi tri vi bénh duong ho hp va tim mach (moi nguyén
nhan) & tat ca nhom tudi va giol tinh. Két qua nghién ctru da dinh lugng dugc téng sd
truong hop phai nhap vién diéu tri ndi trii do tiép xtc ngan han véi 6 nhiém Oz 1én dén
440,39 (95% CI: -0,03-872,72) ca theo ngudong trung binh 8-h cua QCVN
05:2013/BTNMT va 1.556,94 (95% CI: —1,20-3.047,94) ca theo ngudng muc tiéu IT 2
(Interim target) ctia huéng dan tr WHO nim 2021. Day la mot trong nhirng két qua budc
dau, co do tin cdy va co thé hd trg cho nhimg nghién ctru tlep theo trong van dé tiép can
luong hoa chi tiét muc do kinh té mat mat do tiép xic 6 nhiém Oz mat dat ngin han.

Tir khéa: Oz mat dat; Su phan bd khong gian—thoi gian; Thiét hai sttc khoe; Nhap vién;
WRF/CMAQ.

1. Mé dau

Khi ozon (O3) ting dbi luu (ground—level Oz) 1a mot trong sau chat 6 nhiém khong khi
chu yéu do Cuc Béo vé Mbi sinh Hoa Ky (US EPA) quy dinh, 13 mdt chat 6 nhidm thu cap
c6 hai cho suc khoe con nguoi va hé thuc vat [1]. Oz dugc hinh thanh trong khi quyén boi
cac phan ung quang hoa phtc tap phi tuyén tinh cta cac hop chét hitu co bay hoi (VOCs)
va nito oxit (NOx) khi ¢6 dnh sang mat troi [2-3]. Trong mét pham vi quy m6 khong gian
va thot gian rong 16n hon thi cacbon monoxit (CO) va métan (CH4) déu 1a cac tién chat O3
rat quan trong [4]. Mat khac, Os mat dat clng tham gia vao nhiéu phan tmg héa hoc khac
trong khi quyén véi déc diém 1a thoi gian ton tai ngan va hoat tinh manh [2, 5]. Chinh vi
khi O3 tang ddi luu 1a mot chat oxy héa rat manh, do d6 khi tiép xtic véi Oz co thé dan dén
mot loat cac anh hudng dén suc khoe [6], dién hinh d6 1a van dé lién quan dén cang thang,
mét moi (stress) oxy hoa va viém phdi [7].
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Theo T6 chic Y té Thé giéi (WHO), 1/8 tong s ca tir vong toan cau xay ra do tc
dong tir viée tiép xtc voi 6 nhidm khong khi [6, 8]. SO ca tir vong toan cau da ting manh tir
1,3 triéu ngudi ndm 2008 [9] 1én dén 3,7 triéu nguoi vao nam 2012 [8]; trong d0, ¢6 khoang
88% sd truong hop xay ra tai cac nudc co thu nhap thip va thu nhap trung binh thudc khu
vue Tay Thai Binh Duong va Bong Nam A véi s6 ca tir vong 1an luot 14 1,67 va 0,936 triéu
ngudi [8]. Cung véi PMa2s, van dé 6 nhiém Oz mit dét ciing di gy ra nhiing rui ro dang ké
cho sirc khoe nhan loai toan cau [5]. Tir 1990-2004, théng ké cua Co quan Moi truong
Chéu Au (EEA) cho thiy trung binh c6 khoang 21,4 nghin ca tir vong sém mdi niam tai
Lién minh Chau Au (EU) xay ra do O3 [10] va ciing tir bao céo ciia EEA (2014) vé sb ca tir
vong sém ¢ EU trong ndm 2011 dat mue 16,0 nghin nguoi [11]. Nhin chung, anh hudng
cua O3 dén sirc khoe con nguoi ¢ thé duoc chia thanh cac dang cap tinh va man tinh [12].
Xét vé co ché anh huong, Os oxy hoa truc tiép cac té bao hodc tac dong thir cip bang cach
chuyén hudng ning luong ra khoi chirc ning chinh cua té bao dé han ché tao ra cac co ché
phong vé nhu chit chéng oxy héa. Hon nita, Oz ciing phan tmg voi ching nhu chét
ascorbate trong dich niém mac phoi (Lung Lining Fluid-LLF) va phan mg voi cac chat nén
khac nhu protein hogc lipid trong LLF, hinh thanh nén cac san pham oxy hoa thtr cip din
dén mot s6 phan Gng té bao bén trong phdi va mot chudi cac té bao viém [10]. Hé qua la
16p mang rao can khi-méu (blood/air barrier) bi pha hiy va chirc niang cta phdi bi suy
giam [10].

Gan day, mot loat rat nhiéu cac nghién ctru dich t& hoc da ching minh viéc phoi nhiém
Os ngin han c6 méi lién hé chit ché dén ting nguy co tir vong do moi nguyén nhan [13],
bénh vé tim mach [14] va bénh vé ho hip [15]. Pién hinh, mot két qua nghién ctru tir [3]
cho thiy co tir 55.341-80.280 truong hop tir vong do bénh phdi tic nghén man tinh
(Chronic Obstructive Pulmonary Disease-COPD) trong nam 2015 tip trung tai Thanh phd
(TP) Béc Kinh; cac tinh Son Pong, Ha Nam, H6 Béc, T&r Xuyén, ving dong bang song
Duong Tt va séng Chau Giang. Nghién ctru [16] ciing dd bao céo vé su gia tang ty 1& tir
vong som do Os tir 0,42—1,11% trong ndm 2015 ¢ Trung Quéc, két qua udc tinh c6 28.367
(95% CI: 9.450-37.834) ca, 59.844 (95% Cl: 19.903-79.883) ca va 74.316 (95% Cl:
24.699-99.233) ca twong ng v&i chi so (metric) tiéu chuan trung binh 8 gi¢ (8-h) cuc dai
hang ngay cua Quy chuén chat lugng khong khi xung quanh qudc gia Trung Quoc (80 ppb),
tiéu chuan cia WHO (50 ppb) [17] va SOMO35 cua EU (35 ppb) [18]. Mot két qua dién
hinh tir [1] d& chirg minh c6 khoang 120 (95% CI: 67-160) nghin ca tr vong sém tranh
dugc khi nong do O3 trung binh 8-h cyc dai hang ngay giam xudng mirc 100 pg/m® va khi
duogc kiém soat & mirc 70 pg/m? thi s& giam thiéu khoang 160 (95% CI: 98-230) nghin ca
tar vong 0 Trung Quoc trong nam 2016.

Cho dén nay, van chua c6 nhiing ugc tinh vé mirc do thiét hai sirc khoe nguoi dan va
thiét hai kinh té do O3 mit dat gy ra cho cac tinh cta Viét Nam. Khi hau hét cac nghién
ctru chi tap trung danh gia tac dong kinh té—xa hoi gay ra do NO2, SO va bui PM. Dién
hinh nhu nghién ctru [19] dénh gia thiét hai strc khoe cip tinh do PMyo phat sinh tir mo da
Tan Uyén ¢ tinh Binh Duong nim 2018; mot két qua tir [20] d& dénh gia sy tuong tac tir tac
dong moi truong—stc khoe—kinh té do 6 nhiém PMio ¢ TP. HO6 Chi Minh (HCM) thang
10/2017; hay tir nghién ciru [21] d3 wée tinh sb ca tir vong sém tai TP. HCM gay ra do phoi
nhiém dai han NOz, SOz va PM2s trong nim 2017. Két qua tir nghién ctru [13] da danh gia
cac rui ro stc khoe lién quan dén PM1o va PM25 tai Long Bién, TP. Ha Noi tir 2013 dén
2016; hay gan day, tir mot nghién ctru ndi bat [14] da bao cao vé rui ro tir vong sém & nhoém
nguoi trudng thanh (> 25 tu6i) boi 6 nhiém PMas tai 30 quan/huyén cua TP. Ha Noi trong
niam 2017 theo chi s6 tiéu chuan trung binh nim ctia QCVN 05:2013/BTNMT (25 pg/m®)
va WHO 2006 (10 pg/md).

Do d6, dé dap tng duge muc tiéu nghién ctru dit ra, trude tién hién trang mirc 6 nhiém
O3 mit dat trung binh 8-h hang ngay vai do phan giai khong gian—thoi gian ciia ludi tinh ¢6
d6 phan giai khoang 3 km x 3 km duoc mé phong tir hé théng md hinh Weather Research
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and Forecasting Model (WRF)/Community Multiscale Air Quality Modeling System
(CMAQ) két hop cho cac thang 01/2019 va thang 02/2019 & tinh Pdng Nai. Tir cac két qua
mo6 phong trén, mé hinh Benefits Mapping and Analysis Program— —Community Edition
(BenMAP- CE) da duoc ap dung dé wdc tinh nhimg tac dong strc khoe cong ddng do phai
nhap vién diéu tri noi tro vi bénh duong hod hép va bénh tim mach do tit ca moi nguyén
nhan ¢ tat ca cic nhom tudi va gidi tinh dua theo ngudng kiém soat cia QCVN va tiéu
chuan cia WHO nam 2021 theo cac ngudng muc tiéu IT 1 va IT 2.

2. Phwong phap va so liéu

2.1. Khu viee nghién ciru va cé&c vi tri quan tréc nong do Os

DPong Nai 1a tinh ndm & vi tri trung tim Vung kinh té trong diém phia Nam (KTTDPN),
1a mot viung kinh té phat trién ning dong bac nhat Viét Nam. Cung v6i TP. HCM va tinh
Binh Duong, Pong Nai d c¢6 dong gop kinh té dang ké v6i 316,8 nghin ti ddng nam 2018
[22], chiém 12.5% so v&i quy md GRDP cua toan ving KTTPPN (2.530,5 nghin ti dong)
va 5,7% so v6i quy md cia ca nude [23]. Pén nam 2020, quy mé GRDP cua tinh da dat
372,9 nghin ti d6ng va mic binh quan dau nguoi dat 117,4 tridu dong, twong dwong khoang
5.057,5 USD [24]. Hinh 1 bén dudi md ta vi tri ciia khu vuc nghién ctru tai tinh Pdng Nai.
Toan tinh ¢6 11 don vi hanh chinh, gdm TP. Bién Hoa, TP. Long Khanh va 9 huyén la
Long Thanh, Nhon Trach, Vinh Ciru, Trang Bom, Thong Nhat, Pinh Quan, Tan Phti, Cim
My, Xuan Loc; tinh c¢6 dién tich ty nhién 12 586,4 nghin ha, dan sb trong nim 2019 la
3.113,7 nghin ngudi, voi dan s6 khu vuc thanh thi gan 44,1% (1.371,8 nghin ngudi) va ¢
nong thon 1a 55.9% (1.741,9 nghin nguoi) [24].

Khu vyc nghién ctru ¢6 dia hinh ving dong bang va binh nguyén, nim hoan toan trong
vung nhiét déi gié mua, c6 khi hau 6n hoa, thudc ving it bao lut, khong ngip nudc va
khong chiu anh hudng cia dong dat [25]. Nhiét do khong khi trung binh nam trong giai
doan 20162020 cua tinh Pong Nai tir 26,3-26,9°C, v6i 2 muia (mia mua va kho) trong
mot nam, téng lugng mua hang nam la tuong ddi cao tur 1.617,7-2.262,7 mm tir nam 2016—
2020, va mirc d6 am khong khi trung binh trong giai doan nay tir 79-83% [24]. Mt khéc,
vé khia canh kinh té hoat dong cong nghiép ctia Dong Nai phat trién rit manh, din dau phat
trién cong nghiép tai Viét Nam va ciing 1a tinh dau tién phat trién khu cong nghiép cia ca
nude. Dong Nai ciing c6 mot Trung tdm coéng nghé sinh hoc tai huyén Cam My dang van
hanh v61 di¢n tich 208 ha va mét khu lién hop cong—ndng nghiép tai cac huyén Xuan Loc,
Théong Nhét c6 dién tich 1én dén 2.186 ha [25].

Déi voi dir liéu két qua quan tric ndng dd O3 mit dat caa thang 01 va 02/2019 duoc
ding cho kiém dinh hiéu qua mé phong tir md hinh CMAQ duoc thu thap tir 2 tram do
dang tu dong, cd dinh co vi tri dat tai S Tai nguyén va Moéi trudong (X = 10.96045793°, Y
= 106.85579133°) (tram do s6 1), va tai Ban Quéan 1y cac Khu coéng nghiép (X =
10.93699064°, Y = 106.86933903°) (tram do s6 2) déu do Trung tam Ky thuat Tai nguyén
va Mo6i truong thude S¢ Tai nguyén va M6 truong DPong Nai quan 1y va vén hanh [26], nhu
da duogc thé hién trong Hinh 1. Cac gia tri ndng d6 O3 dugc quan tric theo thoi gian thuc
v6i chu ky 30 phut.

Hinh 2 bén dudi cling thé hién mot so dd khung cAu tric cac bude thue hién cua nghién
ctru nay, gdm c6 03 giai doan chinh: (1) x4c dinh d6i twong chét 6 nhiém quan tdm (O3 mit
dat) va mé phong su phan bd khong gian—thoi gian bang mé hinh WRE/CMAQ két hop; (2)
xac dinh cac dang thiét hai stc khde do phoi nhiém ngén han va cac loai dir liéu co lién
quan cho tinh toan; (3) luong hoéa sé truong hop chiu tac dong do tiép xuc 6 nhiém khong
khi (O3).
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Hinh 1. Vi tri dia 1y khu vuc nghién ciru va cac tram do dac O3 mat dt tai khu vuc tinh Dong Nai
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Hinh 2. So d6 khung cau triic cac budc thyuc hién cta nghién ciru.
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2.2. M6 phong su phin b6 khéng gian—thoi gian Oz mat ddt

Nong d6 Os bé mit hang gio (hourly) cho thang 01/2019 va 02/2019 tai khu vyc tinh
Pong Nai da dugc mo phong bang cac md hinh WRF va CMAQ. WRF 1a mét hé théng du
bao thoi tiét s6 theo ty 1¢ hién dai va CMAQ l1a mot mo hinh van chuyen hoa chét trong khi
quyén khu vuc do US EPA phat trién [27]. CMAQ két hop kién thtc hién tai vé khoa hoc
khi quyén va mo hinh chat luong khong khi, bao gdm cac qua trinh vat 1y va héa hoc toan
dién, dong thoi co thé 1ap mo hinh ddong thoi nhiéu chét 6 nhiém tir quy mo dia phuong dén
luc dia [27] WREF tinh toan truong thoi tiét hang gid va cung cip cho moé hinh CMAQ dé
mo phong nong d6 O3 mit dét theo hang gio [28-30]. Trong nghién ciru nay, md hinh ngoai
tuyén WRE véi phién ban ver.3.8 [31] da duoc dung dé mé phong cac diéu kién khi tuong.
Nhitng dir liéu NCEP (the National Center for Environmental Prediction) Final (FNL)
Operational Global Analysis mdi 6 gid co d6 phan giai khong gian 1.0° x 1.0° tir Trung tdm
Nghién ctru Khi quyén Quoc gia Hoa Ky (NCAR) (https://rda.ucar.edu/datasets/ds083.2/)
da dugc dung lam cac didu kién ban dau va didu kién bién, va phan tich phong doan cho mé
hinh WRF. Dir liéu NCEP FNL nay dugc tao ra tr h¢ thong Global Data Assimilation
System (GDAS) [32] dua trén cac nguodn dit liéu gidm sat duoc thu thap lién tuc la cac thong
sO khi tugng nhu 4p suat bé mat, ap suat muc nudc bién, nhiét do dia chat, nhiét do bé mat
bién, nhiét d6 dat, 16p phu bang, d6 am tuong dbi, vecto gi6 U va vecto gio V. Cac dur ligu
FNL da dugc str dung rong rai trong nhiéu nghién ctru dé mod phong cac diéu kién khi tugng
va chat luong khong khi tai nhiéu khu vyc khac nhau trén thé gidi [33]. M6 hinh WRF da
duoc thiét 1ap voi 02 mién tinh DO1 va D02, véi s6 6 ludi cho D01, D02 va D03 1an lugt 1a
76x94, 55x43, va 54x48 6 ludi. Mién tinh 16n nhat bén ngoai (D01) c6 dién tich khoang
5,41 x 106 km? va d6 phan giai khong gian luéi ngang 27 km; mién tinh D02 nhé hon c6
dién tich khoang 2,11x105 km? va c6 d6 phén giai khong g1an lu6i ngang 9 km.

Mit khac, theo phuong dung, c6 tat ca 31 murc 16p sigma cho tat ca cac 6 ludi caa 03
mién tinh D01, D02 va D03 trong mo6 hinh WRF, tir mtrc mit dat tdi 16p sigma murc dinh ¢b
dinh tai ap sudt 100 hPa. Két qua dau ra tr mo hinh WRF duoc xir Iy boi cong cu MCIP
phién ban ver.4.5.3 (Meteorology—Chemistry Interface Processor) dé tao ra dinh dang dau
vao theo yéu cau cta md hinh CMAQ. Tiép theo, mé hinh CMAQ phién ban ver.5.2.1
(http://cmascenter.org/cmag/) duoc cap nhat va cong bd vao thang 06/2017 boi Cuc Bao vé
Moi sinh Hoa Ky (U.S. EPA) [34-36] di duoc ap dung dé md phong ndng dd su phan bd
nong do O3 mit dat tai khu vuc nghién ctru tur 01/01/2019 den 28/02/2019. Bé dam bao tinh
chinh x4c clia cac truong khi twong diéu kién bién, cdc mién tinh ngang ciia mod hinh WRF
thong thuong 16n hon mdt chit so vai moé hinh CMAQ [37]. M6 hinh CMAQ trong nghién
ctru dugc cau hinh véi cac mién tinh 16ng nhau giéng véi mé hinh WRF nhung 03 6 ludi
tinh theo moi phuong cua céc mién tinh duogc loai bé tir cac mién tinh D01, D02 va D03
ctia md hinh WRF, nhu vay s6 6 ludi ctia cac mién tinh mo phong Os mit dat trong CMAQ
lan lugt 1a 73x91, 52x40, va 51x45 grid cells. Ddi voi md hinh CMAQ, ¢6 tat ca 29 16p
trong hé thong toa do sigma, cu thé cac gia tri sigma (o) cho cic mién tinh CMAQ tai cac
ranh gidi 16p 1a 1.000, 0.997, 0.990, 0.983, 0.976, 0.970, 0.962, 0.954, 0.944, 0.932, 0.917,
0.898, 0.874, 0.844, 0.806, 0.760, 0.707, 0.647, 0.582, 0.513, 0.444, 0.375, 0.308, 0.243,
0.183, 0.126, 0.073, 0.023, va 0.000. Phién ban cap nhat va md rong lan thir 3 ciia Co ché
hoa hoc lién két Carbon (CBM) pha khi CB61r3 [38-40] cho cac chét hoa hoc ciing da duoc
thiét 1ap trong mé hinh CMAQ.

2.3. Kiém dinh kha nang mé phong Os mdt dat tir WRF/CMAQ két hop

Nghién ctru ciing dé danh gia dugc kha nang mé phong nong d6 O3 mit dat tai khu vue
tinh Dong Nai cua m6 hinh WRF/CMAQ két hop bang su so sanh nhitng két qua duoc ude
tinh v&i két qua do dac nong d6 O3 tai 02 tram quan tric khac nhau trong khoang thoi gian
mo phong (nhu thé hién trong Hinh 1). Nong do O3 mat dat tir mo hinh WRF/CMAQ két


https://rda.ucar.edu/datasets/ds083.2/
http://cmascenter.org/cmaq/
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hop duoc xuat ra & vi tri 6 ludi tinh tuong tmg va so sanh véi két qua do tai timg tram quan
tric (tram do s6 1 va tram do sb 2) dua vao tiéu chi danh gia cua nhiéu chi s6 thong ké khac
nhau dé kiém dinh cac két qua, bao gom d6 léch trung binh chuén hoa (NMB-Normalized
Mean Bias) ¢ cong thic (1); sai sb gOp trung binh chuan hoa (NME-Normalized Mean
Gross Errors) ¢ cong thirc (2) va hé so twong quan R (Correlation Coefficient-COR) ¢
cong thire (3) [41] trén co sé cac dé xuat kiém chimg mo phong chat lwong khong khi cua
cac nghién ctru trude day [42-43] dé kiém chirng mé hinh.

NMB:wxloo )
> (oi)
Z M =0 100 ?)
(O>
> [(M,-M)x(0,-0)
R= izl[ } (3)

N _ N —
Z(Mi _Oi)2 X Z(Oi _Oi)2
i=1 i=1
Trong d6 M, 1a nong d6 Oz mit dat mo phong tai thoi diém tha i (véiitir 1, 2,..., N
v6i N 1a téng s6 thoi diém co do Oz); O, 1a nong d6 Oz mat dat giam sét tai thoi diém thw i;
M 1a gia tri trung binh O3 miat dat md phong & cac thoi diém i co do dac va 6, la trung
binh ndng d6 O3 mit dat do dac o tt ca cac thoi diém i.

2.4. Danh gia tdac dong suc khoe con nguoi

M®d hinh BenMAP—CE phién ban 1.5.0.4 da duoc dung dé uéc tinh nhimg anh huong
strc khoe do tiép xtic ngan han vai khi O3 gay ra. BenMAP—CE 13 m6t phan mém ma nguon
mo, ¢ sin do US EPA phat trién [44] nham hé thong héa cac qua trinh phan tich ca vé st
khoe cong déng va gia tri kinh té (tién t&) [45-46]. Bo dit liéu dau vao gém co dit lidu néng
do6 O3 mit dat _trung binh 8-h cuc dai hang ngdy mé phong tir m6 hinh WRF/CMAQ két
hop, dir liéu vé dan sb va dir lidu lién quan dén céc loai bénh tat (morbidity) theo cac dang
ham udc tinh thiét hai strc khoe.

Dua trén co s& Phan loai Bénh tat Quéc té, Ban sira doi lan tha 10 (ICD-10), c4c
nguyén nhan gy ra viéc nhdp vién diéu tri trong nghién ctru ndy c6 thé dugc phan loai
thanh cac bénh dudng ho hip do tit ca nguyén nhan (all-cause respiratory diseases) (RD—
ICD J00-J99) va cac bénh tim mach do tit ca nguyén nhan (all-cause cardiovascular
diseases) (CVD-ICD 100-199, ngoai trir 188).

Nhitng thiét hai sttc khée nguoi dan trong BenMAP—CE dugc xac dinh theo mot ham
thiét hai strc khoe (Health Impact Function—-HIF) cing véi cac hé sb B ¢o lién quan dén cac
loai thiét hai strc khoe (health endpoints) dugc tinh tir cac gia tri rii ro strc khoe trong cac
nghién ctru dich t& hoc, ching phan 4nh mdi quan hé gitta rti ro twong ddi voi su thay d6i
trong phoi nhiém ngdn han O3 mit dit theo cac cong thuc (4), (5), (6) va (7) [44, 47-48]
mo ta bén dudi nhu sau:

AY =Y, (1-e %% ) xPop (4)
In(RR
ELLGIR (5)
AO,Conc
Blowerbound = B - (196 x G[}) 6)

Bupperbound = B + (196 X G[}) (7)
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Trong d6 AY 1a s6 truong hop nhap vién diéu tri do tiép xuc 6 nhiém O3 mat dit ngin
han; Y, 1a ty 1¢ mac bénh nén cho tung loai thiét hai strc khoe trén mdi don vi dan so;
AO,Conc 1a sy thay ddi néng d6 Os trung binh 8-h cuc dai hang ngay, dai dién cho su khac
biét gitta 16p ndng do Osz hién trang (baseline) va ndng do sau khi dugc kiém soat boi
QCVN 05:2013/BTNMT va tiéu chuan cia WHO nam 2021; Pop la déan so6 bi phoi nhiem
O3 mit dat vap 13 hé sé caa cac ham HIF hay con duoc goi 1a ham ndng d6 phan tng (C-R)
duoc xac dinh tur cac gié tri rii ro tuong ddi tir cac nghién ctru dich t& hoc (relative risk —
RR) [1, 48-49], B dai dién cho phan tram thay do6i trong moét loai taic dong sirc khoe nhat
dinh cia mdi don vi nong do Oz mat dat. B,,,cmeumg VA Bupperbouna 180 lurot 1a cac gia tri cén
dudi va can trén cua hé sd p véi o, (sai s6 chuén cua f) duoc tinh toan nhu 14 gia tri trung
binh ctia céc sai s6 chudn dugc bao ham boi cac gidi han dudi (RRiowerbound) va gi6i han trén
(RRupperbound) ctia RR da dugc nghién ciru trong cac bao cao dich t€ hoc (nhu trong Bang 1).

Bang 1. Gia tri rii ro tuong dbi (RR) cua cac ham C-R tuong ung cho cac loai thiét hai strc khde
(ngan han) duoc phan tich.

Loai thi¢t hai RR (95% CI), AOs Conc Khu vge -~ Tham
: o nghién ciru khio

HA do bénh duong ho hép tat ca  1.007 (1.001-1.013), AOs Conc = 10 pg/m? TP. Ha Noi [15]
nguyén nhan, tit ca nhém tudi

HA do bénh duong ho hép tit ca  1.007 (1.001-1.013), AOs Conc = 10 pg/m? TP. Ha Noi [15]
nguyén nhan, tré em (0-5 tudi)

HA do bénh dudng ho hép tit ca  1.021 (1.005-1.037), AOs Conc = 10 pg/m?3 TP. Ha Noi [15]
nguyén nhan, nguoi gia (= 65

tudi)
HA do bénh tim mach ta:it ca 0.987 (0.973-1.001), AO3 Conc = 68 pg/m?3 TP. Ha Noi [50]
nguyén nhan, tat ca nhom tudi 1.021 (0.989-1.054), AO; Conc = 68 pg/m®  TP. Quang Ninh ~ [50]

HA do bénh tim mach tit ca 0.991 (0.969-1.014), AO3 Conc = 68 ug/m? TP. Ha Noi [50]
nguyén nhin, ngudi truéng thanh  1.006 (0.959-1.054), AO3 Conc = 68 ug/m®  TP. Quing Ninh  [50]
(15-64 tudi)

HA do bénh tim mach tit ca  0.983 (0.965-1.002), AOs Conc = 68 pg/m? TP. Ha Noi [50]
nguyén nhan, nguoi gia (= 65 1.034(0.991-1.079), AOs Conc = 68 pg/m®  TP. Quang Ninh  [50]
tudi)

2.5. Dir liéu thu thap

2.5.1. Dit liéu dan sb

U'c tinh tac dong cua 6 nhiém O3 mit dat tai khu vuc nghién ctru thude toan bd tinh
Dong Nai; do vay, nghién ctru xac dinh quy mé dan s bi phoi nhidm 1a toan bo dan sb ciia
02 Thanh phd va 09 quan/huyén trén dia ban tinh Pong Nai trong nim 2019 (Bang 2). Di
lidu vé dan s6 dugc thu thap tir Nién giam Thdng ké Dong Nai, 2020 va xem xét tinh toan
cho tat ca cac nhoém tudi, nhoém gidi tinh [24].

Bang 2. Dan s6 cta tinh Pdng Nai trong ndm 2019 (don vi: ngudi).

Huyén, Thanh phé Téng dan sb Tré em Ngudi 16n Nguoi gia
TP. Bién Hoa 1.062.410 250.815 753.644 57.951
TP. Long Khénh 152.280 35.950 108.023 8.306
Huyén Tan Pha 153.010 36.123 108.541 8.346
Huyén Vinh Cau 164.880 38.925 116.961 8.994
Huyén Dinh Quan 187.310 44.220 132.872 10.217
Huyén Trang Bom 351.150 82.900 249.096 19.154

Huyén Théng Nhét 164.540 38.845 116.720 8.975
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Huyén, Thanh pho Téng dan sb Tré em Ngudi 16n Nguoi gia
Huyén Cam My 140.910 33.266 99.958 7.686
Huyén Long Thanh 247.370 58.399 175.477 13.493
Huyén Xuén Loc 227.860 53.793 161.638 12.429
Huyén Nhon Trach 261.990 61.851 185.848 14.291
Tong cong 3.113.710 735.088 2.208.779 169.844

2.5.2. Ti 1é méic bénh nén

Trong nghién ciru nay, ti 1 méc bénh nén (Yo) 1a x4c suit ma mot nguoi dan ciia mot
qudc gia/khu vuc s& bi mac bénh trong mot khoang thoi gian nhat dinh [45]. B6 dir liéu Yo
cua ting loai thi€t hai strc khoe trong nam 2019 cho tat ca cac nhom gidi tinh (nam, nir) Va
cac nhom tudi cho khu vuc nghién ctru dugc thu thap tir ngudn Nién giam théng ké Y té
quoc gia 2019-2020 (https://moh.gov.vn/). Mit khac, dé c6 sy twong thich véi cac tinh toan
tiép xuc ngan han, gia tri Yo hang ngay (nguoi/ngay) da duoc udc tinh bang cach chia cho
365 ngay [45] va 1a ngudn dit liéu nhap vao trong mé hinh BenMAP—-CE. Tir d6, xac dinh
duoc ti 16 mic bénh nén (Yo) ddi voi cac loai thiét hai, gdm bénh duong ho hép do tit ca
nguyén nhan va bénh tim mach do tit ca nguyén nhan lan lugt 1a 0,000378 va 0,000231.

2.5.3. Ham nong do6-phan ung (C-R)

Khu vyc duoc thyc hién nghién ciru 1a toan bg tinh Pong Nai; tuy nhién, cac nghién
ctru dich t& hoc hién nay c6 lién quan dén viéc xay dung cac ham C—R dé dénh gia mirc do
rii ro (RR) do tac dong tir phoi nhiém 6 nhiém Os mit dat & tinh Pong Nai 1a van chua c6
va con thiéu dit liéu. Do d6, nhom nghién ctru da thyc hién lya chon cac gia tri RR tir cac
nghién ctru dich t& hoc sén c6 da cong bd cho TP. Ha Noi va TP. Quang Ninh [14-15], déu
c¢6 nhiéu nét tuong dong vé tdc do, trinh do phat trién kinh té—x4 hoi va mat d6 phan bd dan
cu. Bang 1 bén trén da trinh bay chi tiét cac gia tri RR v6i do tin cay 95% (95% CI) co
dugc tir két qua cong bd cta cac nghién ctru dich t& hoc va két qua tinh todn cac hé sé B,
Blowerbound V@ Bupperbouna trong tmg duge thé hién trong Bang 5 bén dudi.

3. Két qua va thao luin

3.1. Phan tich hiéu qua mé phong nong dé Os mat dat

Viéc danh gia hiéu qua mo phong nong dd Oz mit dat cho khu vuc nghién ctru thudc
tinh Dbng Nai trong cac thang 01/2019 va thang 02/2019 d& dugc phén tich dua trén két
qua nong d6 Oz mat dat do dac (Bang 3) va néng d6 mo phong (Hinh 3) tai 02 vi tri quan
trac (tram do sd 1 va tram do 5O 2) & TP. Bién Hoa, tinh Pong Nai nhu dd mé ta 6 muc 2.1
va Hinh 1. Ba chi s thong ké, gdm c6 NMB, NME va gia tri hé s6 twong quan R (COR) da
dugc xac dinh dya trén cac cong thire tir (1) dén (3) dd dwoc mo ta & myc 2.3 dé phan tich,
danh gia hiéu qua cua hé théng cac md hinh WRF/CMAQ két hop. Diéu kién cho phép
turong Ung cua cac chi sb théng ké ciing duoc dé xuat theo cac nghién ctru [42-43] cling da
duoc béo céo trong Bang 4.

Déi v6i tram do s6 1, trong thang 01/2019 két qua cac chi s6 thong ké udc tinh déu
dam bao cac diéu kién cho phép tuong tmg & murc tot, voi cac gia trj lan luot 1a NMB = —
1,515% (diéu kién NMB < + 30%); NME = 4,164% (diéu kién NME < 50%) va hé s6 COR
= 0,987 (diéu kién hé s6 COR > 0.5). Trong thang 02/2019, cac két qua ciing dat duoc
twong ty nhu trong trudng hop thang 01/2019 véi cac két qua chi sé thong ké NMB, NME
va hé s6 COR wdc tinh 1an luot tai tram do s6 1 1a ~1,065%; 3,662% va 0,988.

Tuong tu ddi voi tram do b 2, cac két qua chi ) théng ké udce tinh déu dam bao cac
diéu kién cho phép twong tmg ¢ mirc tot. Cu thé, cac gia tri dat duoc trong thang 01/2019
va 02/2019 dbi v6i chi s6 NMB 1an luot 1a 1,158% va 7,906% (diéu kién NMB < + 30%));


https://moh.gov.vn/
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déi voi chi s6 NME lan luot 1 7,099% va 16,208% (diéu kién NME < 50%); va doi véi hé
s6 COR lan luot 12 0,987 va 0,913 (diéu kién h¢ s6 COR > 0,5).

Tram do s6 1 (Thang 01/2019)
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Tram do s 2 (Thing 02/2019)
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Hinh 3. So sanh tuong quan gitra gia tri nong do Oz mat dat tir két qua mé phong (dwdng mau cam,
SIM) va két qua quan tric (dudng mau xanh, OBS) tai 02 tram do dac cua cac ngdy trong thang
01/2018 va 02/2018 tai tinh Déng Nai.

Bang 3. Két qua théng ké mo ta murc néng d6 O3 mit dat trung binh 8-h cuc dai dugc do dac tai 02
tram do ¢ tinh Pong Nai trong thang 01/2019 va 02/2019.

Théng s6 Tram do s6 1 Tram do so 2

Thang 01/2019

Gi4 trj trung binh (ug/m?®) 89.839 + 35.573 102.376 £ 46.209

Gia tri cyc tiéu (ug/md) 44.221 14.992

Gi4 trj cuc dai (ug/m?®) 225.778 194.611

Trung vi (ug/m?3) 79.791 97.995
Théng 02/2019

Gi trj trung binh (png/m®) 103.658 + 61.493 78.798 + 29.467

Gia tri cuc tiéu (ug/md) 43.448 34.587

Gia tri cyc dai (ug/m®) 237.888 158.689

Trung vi (ug/m?3) 75.825 69.067
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Bang 4. Két qua x4c dinh céc chi s6 thdng ké cho kiém dinh mo phong ndng d6 Oz mit dat tir cac
md hinh WRE/CMAQ két hop.

Tram quan trac

Chi s6 théng ké Tramdosé1 Tramdosé1 Tramdosdé2 Tram dosd1 Tiéu chuin
(Thang 1) (Thang 2) (Thang 1) (Thang 2)
NMB (%) -1,515% -1,065% 1,158% 7,906% -30% < NMB < 30%
NME (%) 4,164% 3,662% 7,099% 16,208% NME < 50%
Hé¢ s6 COR 0,987 0,988 0,987 0,913 COR>0,5

3.2. Pdnh gid két qua phan bé khdng gian-thoi gian nong dé O3 mdr dat

3.2.1. Thang 01/2019

01/01/2019 02/01/2019 03/01/2019

L T L L
106°39°'E  107°0’E  107°21'E 107°41'E

1

z
™
~N
o

—

11°8'N
1

10°48'N
1

L) L] L] L) L L] T T
106°39'E 107°0E 107°2I'E 107°41'E 106°39'E 107°0'E 107°2'E 107°41'E 106°39'E 107°0'E  107°21'E 107°41'E

Chu thich:

[ | Ranh gi¢i hanh chinh tinh/TP Pon vi: ug/m®
— o . o . . Max : 95,00
| Ranh gié¢i hanh chinh quan/huyén, tinh Dong Nai

Néng @5 ozon miit dit trung binh 8-h B Min : 25,00

Hinh 4. Sy phan b khong gian—thoi gian muc ndng do6 Oz mat dét trung binh 8-h cua cac ngay co
mitc ndng do cao nhét (01/01/2019-09/01/2019, 11/01/2019, 25/01/2019-26/01/2019) xay ra trong
thang 01/2019 tai tinh Dng Nai.
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Duya trén cac két qua mo phong tir hé thdng WRF/CMAQ chi ra sy bién dong ndng do
O3 trung binh 8-h trong thang 01/2019 dao dong tir 11,36-93,04 pg/m®. Hinh 4 thé hién su
phan b néng d6 Oz trung binh 8-h cta mot s6 ngay c6 mirc ndéng do cao dién hinh trong
thang, gom c6 giai doan tr 01/01-09/01, 11/01 va 25/01-26/01/2019. Trong thang 01/2019
mirc ndng do trung binh 8-h c6 xu hudng giam dan tur ngay 01/01/2019 cho dén ngay
10/01/2019, trong d6 ngay 10/01/2019 c¢6 mirc ndéng do thap nhat véi khoang tr 11,36
14,13 pg/m®. Tiép theo, & giai doan tir ngay 11/01/2019 dén ngay 31/01/2019, ndng d6 Os
trung binh 8-h hau nhu twong dbi 6n dinh va rat it c¢6 sy bién dong véi su bién thién trong
khoang tir 24,49-49,74 pg/m®. Dong thoi, tir cac két qua mo phong c¢6 thé nhan thiy rang
khi so sanh mirc nong d6 Os trung binh 8-h ddi vdi QCVN 05:2013/BTNMT (ngudng
trung binh 8-h l1a 120 ug/m?®) thi khong c6 ngay nao vugt gisi han cho phép. Tuy nhién, khi
so sanh véi hudng dan vé chat luong khong khi toan ciu cia WHO nam 2021 véi ngudng
muc tiéu IT 2 1a 70 pg/m? thi c6 02 ngay c6 muc ndng d O3 trung binh 8-h bi 6 nhiém. Cu
thé d6 lan luot 1a cac ngay 03/01/2019 véi gia tri ndng do Oz trung binh 8-h cuc dai 1a
93,04 ng/md, da vuot khoang 1,33 1an va ¢ ngay 04/01/2019 véi gia tri ndng d6 O3 trung
binh 8-h cyc dai la 74,60 ug/m da vuot khoang 1,07 1an so véi ngudng muc tiéu IT 2 cua
WHO. Mt khac, ciing c6 thé thay rang trong giai doan tir 01/01/2019 dén 11/01/2019 mtic
nong d6 Og trung binh 8-h cao thudng xay ra tap trung tai cac khu vuc phia Pong va Dong
Nam cua tinh Béng Nai nhu cac huyén Xuan Loc, Cam My, Long Thanh, mot phan phia
Nam huyén Théng Nhit va TP. Long Khanh. Trong khi d6, tir 12/01/2019 dén 31/01/2019
mirc nong d¢ Os trung binh 8-h cao thuong xay ra tap trung tai cac khu vuc phia Bic va
Tay Bic cua tinh Pong Nai nhu tai cac huyén Vinh Ciru, Tan Pha va mot phan phia Bic
cua huyén DPinh Quan.

3.2.2. Thang 02/2019

Tuong ty nhu thang 01/2019, ciing dya trén cac két qua mo phong sé tir hé théng mo
hinh cho thiy sy bién thién mirc ndng d6 Os trung binh 8-h trong thang 02/2019 dao dong
tir 38,88—149,16 pg/m3. Bién d6 dao dong di cao hon so véi thang 01/2019 tr 1,60-13,13
lan. Hinh 5 bén duoi cing trinh bay sy phan b6 khong gian—thoi gian nong d6 Os trung
binh 8-h cta mdt sé ngay c6 mic ndong d6 cao dién hinh trong thang, gom co6 giai doan tu
09/02-16/02, 23/02 va 26/02—28/02/2019. Trong thang 02/2019 mirc nong do trung binh 8—
h ¢6 xu hudng ting dan trong mot sb ngay dau thang tir ngay 01/02/2019 cho dén ngay
05/02/2019, trong giai doan nay gié tri nong do Os trung binh 8-h dao dong tur 38,88-93,26
ng/m3. Tiép theo, gia tri ndng do co xu huéng giam dén ngay 07/02/2019 v6i mirc bién
thién tir 44,68-54,00 ug/m3 tir sau d6 gia tri ndng do bat ddu ting manh va dat dinh vao
ngay 12/02/2019 véi mirc dao dong tir 112,49-149,16 ug/m3 va tr ngay 13/02/2019 dén
28/02/2019, gia tri ndng do Os trung binh 8-h c6 xu hudng on dinh hon va it c6 sy thay dbi
dang ké voi mirc dao dong tir 104,13-148,82 pg/m?®. Khac biét so véi thang 01/2019, tir cac
két qua md phong c6 thé nhan théy rang khi so sanh murc ndng do Os trung binh 8-h déi voi
QCVN 05:2013/BTNMT (ngudng trung binh 8-h 1a 120 ug/m3) thi ¢ 20 ngay bi 6 nhiém,
cu thé d6 1a cac ngay tir 09/02 dén 28/02/2019, véi mirc vuot ngudng gidi han cho phép ciia
QCVN tir 1,09-1,24 lan.

Dong thoi, khi so sanh v6i hudng dan vé chat lugng khong khi toan cau cia WHO nam
2021 véi cac ngudng muc tiéu IT 1 va IT 2 1an luot 12 100 va 70 pg/md thi ciing 1an lugt co
21 va 24 ngay c6 muc néng d6 O3 trung binh 8-h bi 6 nhiém. Cu thé d6 1an luot 1a cac ngay
01/02/2019 v6i gia tri nong do Os trung binh 8-h cyc dai 1a 71,60 ng/m3, da vuot khoang
1,02 1an so véi ngudng IT 2; ngay 05/02/2019 voi gia tri nong do cuc dai la 93,26 ug/md,
da vuot khoang 1,33 1an so véi ngudng IT 2; ngay 06/02/2019 voi gia tri ndng do cuc dai la
75,18 pg/mé, da vuot khoang 1,07 lan so véi ngudng IT 2; ngay 08/02/2019 vei gia tri nong
do cuc dai la 113,36 pg/m®, da vuot khoang 1,13 va 1,62 1an so voi ngudng muc tiéu IT 1
va 2. Trong khi do, ¢ giai doan tir 09/02/2019 den 28/02/2019 véi gia tri nong do Oz trung
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binh 8-h cuc dai & muc tir 131,02-149,16 pg/md, 1an luot di vuot khoang tir 1,31-1,49 lan
va tir 1,87-2,13 14n so véi cac nguong muc tiéu IT 1 va IT 2 cia WHO. Mat khac, cling ¢
thé thdy rang trong giai doan tir 01/02/2019 dén 15/02/2019 murc ndng d6 Os trung binh 8—
h cao thudng xay ra tap trung tai cac khu vuc phia Bic, Tdy Bic va mot phan trung tAm cua
tinh Pong Nai nhu tai cac huyén Vinh Ciru, Tan Pha va mot phan phia Béc ctia cac huyén
Dinh Quan, Théng Nhit, TP. Long Khanh. Trong khi, tir 16/02/2019 dén 28/02/2019 mirc
ndéng do Oz trung binh 8-h cao thudng xday ra tip trung tai cac khu vuc phia Bic, Pong va
DPoéng Nam cua tinh Pong Nai nhu cac huyén Vinh Ctru, Tan Pht, Xuan Loc, Cam My va
mot phan & phia Pong cua TP. Long Khénh.
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Hinh 5. Sy phan b khong gian—thoi gian muc ndng do6 Oz mat dét trung binh 8-h cua cac ngay co
muc ndng d6 cao nhét (09/02/2019-16/02/2019, 23/02/2019, 26/02/2019-28/02/2019) xay ra trong
thang 02/2019 tai tinh Bong Nai.
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3.3. Ddnh gid tac dong dén sirc khée cong dong do phoi nhiém ngdn han Os mdt dat

3.3.1. Trudng hop nhap vién diéu tri do bénh duong hd hap

Két qua phan tich tac dong cua tiép xuc voi 6 nhiém Oz mat dat ngan han (dya trén mic
gia tri ndng do Os trung binh 8-h cuc dai hang ngay da mo phong két hop cung vai cac gia tri
hé s6 f ctia ham thiét hai & Bang 5) cho thy tir thang 01/2019 dén thang 02/2019 c6 khoang
346,90 (95% CI: 50,04-637,79) ca nhdp vién diéu tri do cac bénh dudng ho hip boi tit ca
nguyén nhan khi ap dung mirc ndng do sau khi dugc kiém soat boi QCVN 05:2013/BTNMT la
120 pg/m®. Tuy nhién, khi 4p dung muc ndng d6 sau khi duoc kiém soat boi cac ngudng muc
tiéu IT 1 va IT 2 caa hudng dan vé chat lugng khong khi toan cau cia WHO nim 2021 14n luot
13 100 va 70 pg/m® thi sb ca nhap vién diéu tri udc tinh & mirc cao hon han, cu thé 1an luot 1a
679,17 (95% Cl: 98,52-1.241,81) ca va 1.224,06 (95% CI: 179,00-2.220,39) ca. S6 ca nhap
vién diéu tri do cac bénh duong ho hip boi tit ca nguyén nhan cao nhat xay ra vao ngly
12/02/2019, lan luot 1a 23,70 (95% CI: 3,43-43,50) ca khi tinh theo QCVN; 39,68 (95% CI:
5,77-72,40) ca khi tinh theo ngudng IT 1 va 63,24 (95% CI: 9,28-114,37) ca khi tinh theo
ngudng IT 2 cia WHO nam 2021. Mat khéc, s6 ca nhap vién trong thang 02/2019 ciing cao
hon han so véi trong thang 01/2019, véi khoang 1.201,53 (95% CI: 175,75-2.178,92) ca so voi
chi 22,54 (95% CI: 3,25-41,47) ca khi tinh theo ngudng IT 2 cuia WHO.

Hinh 6 bén dudi thé hién tong sé ca nhap vién diéu tri hang ngy & tat ca cac nhom tudi,
nhom gidi tinh do bénh vé dudng ho hip boi tit ca cac nguyén nhan trong thang 01/2019 va
02/2019 ¢ khu vuc nghién ctru.

Bang 5. Két qua udce tinh gia tri hé s6 B, Prowerbound, VA Pupperbound Cia ham C—R cho tinh toan cac loai
thiét hai stirc khoe (nhgan han).

Loai thiét hai H¢ so p PBrowerbound Bupperbound

HA do bénh dudng ho hép tat ca nguyén nhan, tat ca nhom tudi 0.000698 0.000100  0.001292
HA do bénh dudng hé hép tit ca nguyén nhan, tré em (0 — 5 tudi)  0.000698 0.000100  0.001292
HA do bénh duong hd hép tat ca nguyén nhan, nguoi gia (> 65 tuéi)  0.002078 0.000499  0.003633
HA do bénh tim mach tit ca nguyén nhén, tat ca nhom tubi -0.000192  —0.000403  0.000015

0.000306  -0.000163  0.000773
HA do bénh tim mach tit ca nguyén nhan, nguoi truong thanh  —0.000133  —0.000463  0.000204
(15 — 64 tudi) 0.000088  -0.000616  0.000773
HA do bénh tim mach tit ca nguyén nhan, ngudi gia (> 65 tudi) —0.000252  -0.000524  0.000029

0.000492  -0.000133  0.001118

Tong so ca nhip vién diéu tri do bénh dwong ho hap tat ca nguyén nhin
hang ngay & tat ca nhom tuoi

®Thang 01/2019 ®Thang 02/2019

g 100 | |
00 '+ ! f

123 45 6 7 8 910111213141516 1718 19 2021 22 23 24 252627 28 29 30 31
(Ngay trong thang)

Hinh 6. Di2n bién tong sé ca nhap vién diéu tri noi hang ngay do bénh vé duong hé hip boi tit ca
céc nguyén nhan trong thang 01/2019 va 02/2019 & tinh Pong Nai (tinh theo ngudng muc tiéu 1T 2
cua WHO nam 2021).
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3.3.2. Trudng hop nhap vién diéu tri do bénh tim mach

Tuong tu nhu bénh duong hod hép, ddi v6i trudng hop nhép vién diéu tri ndi tra do bénh
tim mach boi tat ca nguyén nhan, cac két qua tac dong stre khoe con nguoi cling duoc phan
tich dua trén muc d6 tiép xtc voi 6 nhiém Oz mat dat ngan han (tir mic gia tri nong do O3
trung binh 8-h cyc dai hang ngay da mé phong bang mé hinh WRF/CMAQ két hop) cho
thay tir thang 01/2019 dén thang 02/2019 ¢ khoang 93,50 (95% CI: —50,07-234,93) ca nhap
vién khi ap dung muc néng dd sau khi duoc kiém soat bi QCVN 05:2013/BTNMT la 120
ng/m®. Mat khac, ciing twong tu khi 4p dung murc ndng do sau khi duoc kiém soat boi cac
ngudng muc tiéu IT 1 va IT 2 ctia hudng dan vé chit luong khong khi toan cau cia WHO
nam 2021 1an luot 12 100 va 70 pg/m?® thi s ca nhap vién diéu tri wéc tinh & mirc cao hon
hén, cu thé 1an luot 1a 183,72 (95% Cl: —98,82-459,63) ca va 332,88 (95% Cl: —180,20—
827,55) ca. S6 ca nhap vién diéu tri do cac bénh tim mach boi tt ca nguyén nhan cao nhét
cling xay ra vao ngay 12/02/2019, lan luot 1a 6,40 (95% ClI: —3,43-16,05) ca khi tinh theo
QCVN; 10,75 (95% CI: —5,79-26,85) ca khi tinh theo ngudng IT 1 va 17,23 (95% CI: —9,35—
42,74) ca khi tinh theo ngudng IT 2 cia WHO nam 2021. Hon nifa, s6 ca nhap vién do bénh
vé tim mach béi tit ca nguyén nhan & cac nhém tudi trong thang 02/2019 ciing cao hon han
so voi trong thang 01/2019, véi khoang 326,80 (95% CI: —176,96-812,28) ca so véi chi 6,07
(95% ClI: —3,25-15,26) ca khi tinh theo ngudng IT 2 cia WHO.

Hinh 7 bén dudi thé hién tong sd ca nhap vién diéu trj hang ngay & tit ca cac nhom tudi,
nhém gi6i tinh do bénh vé tim mach béi tit ca cac nguyén nhan trong thang 01/2019 va
02/2019 & tinh Pong Nai.

Tong so6 ca nhép vién dién tri do bénh fim mach tat ca nguyén nhin hang
ngay ¢ tat ca nhém tuoi
B Thang 01/2019 ®Thang 02/2019
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Hinh 7. Dién bién téng sé ca nhap vién diéu tri ni hang ngay do bénh vé tim mach bai tit ca cac
nguyén nhan trong thang 01/2019 va 02/2019 ¢ tinh Bong Nai (tinh theo ngudng muc tiéu 1T 2 cua
WHO nam 2021).

3.4. Thdo ludn

Céc dir liéu dau vao trong nghién ciru nay bao gom dir liéu vé chét luong khong khi (nong
d6 O3 mit dét), dan s6 phoi nhiém (so dan cuatinh Pong Nai), cac ham C-R va cac h¢ s6
tuong ung tir cac nghién ctru dich té hoc. Mdi loai dit lidu dau vao mé hinh déu co nhiing sai
50, ¢ thé anh huong dén két qua tinh toan cudi cling & nhitng mirc d6 khac nhau. Két qua udc
tinh quy mé dan sb bi phoi nhidm dugc iy tir nguon dit liéu tin cdy cua dia phuong 1a Nién
giam Théng ké tinh Pong Nai 2020 va Nién giam Théng ké Y té 2019-2020. Do dé, cac két
qua vé thiét hai strc khoe vé co ban phu thude vao lua chon cac ham C—R, h¢ ) pva théy r?mg
cac két qua tinh trong nghién ctru co thé co su chénh léch. Boi hién tai ¢ Viét Nam, hau nhu
khong ¢ bat ky cac nghién ctru dinh lugng vé mdi quan hé giita 6 nhiém khong khi va tinh
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trang strc khoe, dic biét 1a cac nghién ctru dich t& hoc vé mbi quan hé giita O3 mit datva tac
dong strc khoe dbi voi cong dan & cac thanh phd (phia Nam noi chung va tinh DPoéng Nai ndi
riéng); nghién ctru lya chon giai phap la sir dung cac hé s0 8 va cac ham C—R tir cac nghién
ctru gan day ¢ cac thanh pho phia Bic cua Viét Nam. Day chinh la mot trong nhimg yéu t6
chinh ¢6 thé dan dén sai s6 cua két qua tinh bdi cac hé so6 f va cac ham C-R c6 su khac biét rd
rét vé dit liéu khu vuc danh gia (két qua ude luong ham hdi quy); méc du trong qué trinh tinh
toan, danh gia van xét dén gia tri trung binh va d6 tin cdy 95% CI cua céc thiét hai suc khde da
phan anh pham vi sai sb.

4. Két ludn

Két qua nghién ctru vé& co ban di téng quan phu hop cho khu vic nghién ctru tai tinh
Dong Nai trong didu kién vé cac nghién ctru dich t& hoc danh gia médi lién hé C—R do tiép xuc
O3 nga"m han van con ¢6 su han ché nhét dinh. Két qua luong hoa tac dong strc khde cong déng
cho thay trong thang 01/2019 va 02/2019, 6 nhiém khong khi ma cu thé 1a Oz mat dat da gay
ra thiét hai suc khoe cho khu vue nghién ctru udc tinh véi khoang 347 ca nhap vién diéu trj do
bénh dudng ho hap boi tat ca nguyén nhéan (theo ngudng QCVN) va 1én tdi 1.224 ca theo
ngudng muc tiéu IT 2 cuia WHO nam 2021. Va theo udc tinh mirc thiét hai strc khoe gay ra tir
sO ca nhap vién diéu tri do bénh tim mach béi tit ca nguyén nhan l1a 183 ca khi tinh theo
ngudng QCVN va co thé 1én dén khoang 333 ca theo ngudng muc tiéu IT 2 cta huong dan tir
WHO nam 2021. Tuy nhién, trong pham vi nghién ctru van chua xem x¢ét, tinh toan dén nhimng
thiét hai strc khoe con nguoi lién quan dén sd ca tir vong som do van dé han ché vé mit dir liéu
nghién ctru dich té hoc. Nghién ctru da dugc thuc hién va hoan thanh véi cac muyc tiéu dat ra;
két qua dat duoc s& 1a co so dé phat trién tiép theo hon nira viéc lugng hoa chi tiét mirc thiét
hai quy d6i thanh cac dinh mic gia tri kinh té (tién t&). Tir d6, gop phan xay dung, phat trién
ngudn dir liéu phuc vu cong tac quan 1y méi truong khong khi hiéu qua cho tinh Pong Nai.

Dbong gop cua tac gia: Xay dung y turong nghién ciru, vach ra so do Vlet ban nhap, chinh stra
ban thao: B.T.L., N.H.P.; Xur Iy 0 li¢u, chay md hinh WRF/ICMAQ, viét ban thao: L.K.U.; Xir
ly GIS, viét ban thao: L.K.U., N.H.P.

Loi cdm on: Nhom tac gia xin bay to sy cam on chan thanh tdi Phong Thi nghiém M6 hinh hda
Mai truong thuoe Khoa Mai truong va Tai nguyen, Phong Thi nghiém Trong diém Qudc gia Diéu
khién s6 va K¥ thuat h¢ thong (DCSELab), Pai hoc Bach Khoa — Pai hoc Qudc Gia Tp. HCM.

Loi cam doan: Tap thé tac gid cam doan bai bdo nay la cong trinh nghién ctu cua tap thé
tac gia, chua dugc cong bo ¢ dau, khong dugc sao chép tir nhitng nghién ctru trudce day;
khdng co su tranh chap lgi ich trong nhom téc gia.
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Abstract: Dong Nai has always been strong socio—economic growth, population growth,
and rapid urbanization make the air quality of the area significantly affected and one of the
objects of concern is ozone pollution (ground—level Os). The pressure created for the local
government of Dong Nai province, in proposing and developing solutions to help reduce
and control the sources of precursor emissions that contribute to the formation of the
surface Oz. This study applied a combination of WRF (Weather Research and
Forecasting)/CMAQ (Community Multilevel Air Quality Modeling System) models to
simulate the current characteristics of surface Os pollution allocation spatially and
temporally in January 2019 and February 2019, and a preliminary analysis of the public
human health impact of inpatient hospitalization for all-cause respiratory and
cardiovascular diseases at all ages and genders. The highlight outcomes have quantified
the total number of inpatient hospitalizations due to short—term exposure to Oz pollution
up to 440.39 (95% CI: —0.03-872.72) cases calculated according to the 8-hour average
threshold of QCVN 05:2013/BTNMT and 1,556.94 (95% CI: —1.20-3,047.94) cases
calculated according to the Interim target threshold 2 of WHO guidance in 2021. This is
one of the initial, reliable results, and could support further studies in accessing detailed
guantitative economic losses from exposure to short—term ground-level Oz pollution.

Keywords: Ground-level Oz pollution; Spatio—temporal distribution; Human health effects;
Hospital admission; WRF/CMAQ.
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Tém tat: Dinh gia cac—bon, bao gom thi trudng cac—bon, dang dan trd thanh cong cu chinh
sach chinh dugc cac qudc gia ap dung trong nd luc giam phat thai khi nha kinh. Song hanh
v6i sy phat trién cua thi truong cac—bon, cac cong nghé mai gitip hd trg quan 1y va van hanh
thi trudng cling dang dugc cac bén tich cuc nghién ctru va ap dung. Cong nghé chu01 khoi
1a mot vi du dién hinh cho xu thé trén. Bai bao s& cung cép thong tin, nghién ciru tiém ning
va dé xuit phuong thirc 4p dung cong nghé chudi khdi trong quan ly va van hanh thi truong
cac—bon tai Viét Nam. Tir d6, két qua ctia bai bao s& cung cip co so cho cac nha hoach dinh
chinh sach trong xay dung cac van ban quy pham phap luét c6 lién quan, hd trg Viét Nam
trong quan ly minh bach va véan hanh hi¢u qua thi trudng cac—bon noi dia.

T khéa: Cong nghé chudi khéi; Thi truong cac—bon; Thoa thuan Paris vé bién ddi khi hau.

1. Mé dau

Khiing hoang khi hau tiép tuc leo thang trong boi canh dai dich kéo dai, bat 6n kinh té
va cang thang dia chinh tri ngdy cang gia ting. Theo d6, cac qudc gia, trong d6 co Viét Nam,
da dua nhimg cam két manh m& hon tai Hoi nghi lan thir 26 Cac bén tham gia Cong uoc
Khung cta Lién hop qudc Ve bién d6i khi hau (COP26) nam 2021. Cac bao cao moi nhat cua
Uy ban Lién chinh phu vé Bién d6i khi hau (IPCC) cho thay thé giéi van can tiép tuc day
manh nd lyc giam phat thai khi nha kinh ngay tir bay gio de kip thoi ngan chan cugc khung
hoang khi hau [1]. Dé giai quyét thach thirc 1au dai, xuyén sudt ndy trong béi canh qudc té
phuc tap doi hoi cac nha hoach dinh chinh sach phai c6 nhiing hanh dong tham vong, cong
bang va toan dién. Theo do, dinh gia cdc—bon, bao gdm thué cac—bon va thi trudng cac—bon
(h¢ thong trao doi han ngach phat thai khi nha kinh va co ché trao ddi, bu trir tin chi cac—
bon), 1a mot trong nhitng cong cu chinh sdch manh mé nhét dé thuc day cac nd luc giam nhe
va duy tri ting trudng kinh té.

Hién nay, di c6 68 qudc gia, ving lanh thd ap dung cong cu dinh gia cac—bon, twong
duong khoang 23% tong phat thai toan cau, trong d6 ¢6 34 qudc gia, ving lanh thd trién khai
thi truong cac—bon. Trong nam 2021, doanh thu tu trao d6i han ngach phat thai khi nha kinh
va thué cac—bon ting 60%, dat mirc 80 ty USD [2]. Trong céc cong cu dinh gia cac—bon, thi
truong cac—bon ndi dia da dan trd thanh lya chon chinh cho cac quoc gia, trong do tiéu biéu
nhu Lién minh Chau Au, Trung Qudc, Han Quéc va mot s bang cua Hoa Ky [3-4]. Doanh
thu tur thi truong cac—bon ndi dia cling da 14n dau vuot cac khoan thu tir thué cac—bon, dat
mirc 56 ty USD [2]. Cu thé, dé tao dong luc dau tu, ap dung cac cong nghé giam phat thai,
chinh pht s& phan bd han ngach phat thai khi nha kinh cho cac doanh nghiép trong thi truong
cac—bon.
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Vi¢t Nam xéc dinh thi truong cdc—bon 1a mdt trong nhitng cong cu dinh gid cac—bon hitu
hiéu trong viéc trién khai cac hoat dong giam nhe phat thai khi nha kinh, déng gop vao cam
két giam phat thai khi nha kinh theo Péng gbp do quéc gia tir quyét dinh (NDC) [5] va dic
biét 13 gbp phan dat mirc phat thai rong bang “0” vao ndm 2050 dugc Thu tuéng Chinh phi
Pham Minh Chinh tuyén bé tai Hoi nghi 14n thtr 26 cic Bén nudc tham gia Cong u6e khung
ctia Lién hop quéc vé bién ddi khi hau vao cudi nam 2021 [6].

Trong lan séng cach mang Cong nghé 4.0, cong ngh¢ chudi kh01 (hay con duoc goi la
blockchain) duoc xem 13 chia khoa cho chuyén d6i va xay dung nén tang cong nghé cho
tuong lai. Cong nghé chudi khi 1a cong nghé luu trir va cap nhét thong tin mot cach lién tuc
bang mot hé théng phéan phéi dir liu. Mdi khéi dit liéu s& duoc lién két chudi v6i nhau va
tréd thanh mot hé thong. Céc thong tin trong khdi dit liéu duoge cap nhat va bd sung theo thr
tur, dudi su giam sat ctia hé thdng cac thanh vién trong chudi khéi [7]. Diéu nay khién cong
nghé chudi khdi co thé chdng lai sy thay doi thong tin, dam béo tinh an toan, minh bach cho
cac th6ng tin va giao dich duoc luu. Quan trong hon, cong nghé chudi khdi sé& gitip cat giam
chi phi giao dich. Chinh vi vay, cong nghé chudi kh01 c6 tiém ning g dyng 16n, dédc biét
trong linh vyc quan ly tai chinh, thi truong. Pé cung cap thém thong tin vé tiém ning ap dung
ctia cong nghé chudi khéi, bai bao s& phan tich kinh nghiém tng dung cong nghé chudi khoi
va dé xuit phuong an 4p dung cho thi truong cac—bon tai Viét Nam.

2. Phuwong phap danh gia

Viéc danh gia tiém nang ap dung cong nghé chudi khdi trong quan 1y va van hanh thi
trrong cac—bon dugc thuc hién thong qua cac budc sau:

Budc 1: Phan tich kinh nghiém trén thé giGi lién quan dén viéc ap dung cong nghé chudi
khéi nhu: Lién minh Chau Au, Trung Qudc, Chilé, IBM. ..

Budc 2: Xac dinh co sé thuc tién dua trén 19 trinh phat trién thi truong cac—bon quy dinh
tai Luat Bao v¢ moi truong nam 2020, Nghi dinh 06/2022/ND—-CP va kinh nghi¢m thuc té
trién khai trén thé gidi,

Budc 3: Tham van cac don vi truc tiép lién quan dén quan 1y va xay dung thi truong
cac-bon phia Viét Nam.

Tham vén cac co quan quan Iy ¢6 lién quan, cac don vi, doanh nghiép, chuyén gia tu van
¢6 nhiéu nam kinh nghiém vé quan 1y va giao dich tin chi cac-bon veé cac kho khan trong
trién khai thi trudng cac—bon tai Viét Nam nham dé xudt phuong thirc 4p dung cong nghé
chudi khbi phi hop.

Budc 4: Tong hop, phén tich két qua

Tong hop va phan tich cac két qua ra soat chinh séch, kinh nghiém thyc té va tham vén
cac bén lién quan, dé tir d6 dé xuat cac giai phap ap dung cong nghé chudi khdi trong quan
ly va van hanh thi truong cac—bon tai Viét Nam.

3. Két qua va thio luin

3.1. Ung dung ciia cong nghé chudi khoi trong quan Iy va vin hanh thi trieong

Cong nghé chudi khdi 1a cong nghé luu trit dir liéu phi tap trung, hoat dong trong mot
mang ludi ngang hang. Cac dit liéu duoc luu trix, lién két thanh mot chudi cac khéi véi sé
luong ngay cang tang, trong do khdi dau tién dugc goila khéi goc va cung cap mot ban mau
cho cac khdi con lai. Cac khdi sau déu chira tham chiéu dén khoi trudc cung thong tin vé thoi
gian dugc thanh 1ap, luu trir dam béo cac thong tin ¢6 thé truy ctru ngugc. Bat ky thay dbi
nay nao s& duoc cap nhat tai tit ca cac khdi, thuong trong vong vai phut hodc thdm chi vai
gidy, didu nay ngin can viéc x6a, stra d6i thong tin khi khong c6 su dong thuén tir mang ludi.
Bang cach tao ra mot mang ludi dong thuan, cac ben tham gia co thé xac dinh tryc tiép cac
van dé trong lién két giao dich va dam bao truy xuat ngudn gdc cua thong tin, dé tranh cac
van dé nhu bi mat han ngach va céac giao dich lip lai [8].
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Hinh 1. Quy trinh luu trif théng tin giao dich cta cong nghé chudi khdi.

Trong thi trudng niang lugng, cong nghé chudi khdi dan duge ap dung rong rii trong xir
Iy giao dich va ting cudng kha ning tham gia thi trudng ciia cac don vi san xuat ning luong
tai tao [9]. Thong qua cong nghé chudi khoi, cac hop dong thong minh (smart—contract) ty
dong kich hoat giao dich khi cac bén dap ung di diéu kién va dong hod do luong dién thong
minh, tao ra cic giao dich va chudi khdi ghi lai nhimg giao dich mua ban nay. Pong thoi,
cong nghé chudi khéi ciing tao ra nén tang dé thiic ddy phat trién ludi dién théng minh, ting
cuong su 6n dinh trong cung (mg dién [10].

Trong thi truong tai chinh, cong nghé chudi khdi 1a mot trong nhitng cong nghé doi méi
hang dau, hira hen giam thiéu gian 1an, dam bao céac giao dich nhanh chéng va an toan, va hd
trg  quan ly rui ro tai chinh toan cau [11]. Bang cach ap dung chudi khdi, cac giao dich s&
dugc Iuu trit tryc tiép trong cac khdi mot cach cong khai, ting cudng minh bach trong giao
dich. Pdng thoi, cac bén ciing dé dang truy soat lich sir giao dich, tranh dwoc cac rui ro vé
bao mat.

Trong truyén thong, giai tri, cac doanh nghiép, cong ty sir dung hé thong chudi khoi dé
quan ly dir liéu ban quyén. Vi du, cac hoa si co thé phat hanh céc tic pham trén chudi khéi,
dam bao sy thuan tién trong truy soat ngudn gbc cac tac pham. Viéc ap dung cong nghé chudi
khéi gitp quan ly quyén ky thuét s6 mot cach hiéu qua, nang cao hiéu suat va giam chi phi
xu Iy ban quyéen [12].

3.2. Kinh nghiém quéc té trong dp dung cong nghé chudi khéi trong quan 1y va van hanh
thi truong cac—bon

Trén the gi61, cac nghién ctru vé cong nghé chudi khi trong quan 1y dang dién ra mot
cach soi ndi va tng dung thyc té cua cong ngh¢ nay dang dan mé ra mot ki nguyén méi. Nam
2018, voi sy ung hg cua Lién hop quéc, sang kién Lién minh chudi khi hau (Cllmate Chain
Coalltlon) dugc thanh 1ap dé nham muc dich chia s¢ thong tin, phdi hop thic day tng dung
cta cong nghé chudi khéi trong Gmg pho voi bién d6i khi hau [13]. Lién minh chau Au cling
thanh lap Péi tac chudi khéi lién minh chau Au (European Blockchain Partnership) dé xay
dung chién lugc img dung cong nghé chudi khéi trong quan Iy nha nude va g pho voi bién
d6i khi hau. Mot sé qudc gia khac nhu My, Anh va dic biét cac tip doan da quc gia ciing
dang tich cuc nghién ctru sir dung cong nghé chudi khéi trong quéan 1y tai chinh, nang luong,
bao vé moi truong [14].

O Trung Qudc, Energy Blockchain Labs lam viéc v6i IBM xay dung mot nén tang véi
hon 200 phuong phap luan dé phét trién tai san cac—bon thanh cac hop dong thong minh, mot
tinh nang thugc cong nghé chudi khdi cho phép tur /dong tinh toan han ngach cho cac doanh
nghiép can giam lugng khi thai. Thong thudng, dé c6 the x@y dung hoan chinh mot dy an
giam nhe phat thai khi nha kinh va tao tin chi cac—bon can sy tham gia ctia rat nhiéu bén nhur
doanh nghiép, don vi tham dinh, co quan quan ly nha nudc, co quan xac nhén tin chi. Thoi
gian xay dung trung binh 14 10 thang. Nén tang ctia IBM cho phép rit ngén thoi gian tir 20—
50%. Cong ty ciing du doan mirc ting hiéu qua dang ké trong thi truong xanh, véi cac tai san
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cac-bon duoc dua ra thi truong nhanh hon khi cong nghé chudi khéi tao sy minh bach va
loai bo 15i trong qua trinh giao dich va xir 1y [15].

Vao thang 10 ndm 2021, Toucan hop tac v6i KlimaDAO dé ma hoa 20 triéu tan cac—bon
vao Ethereum sidechain Polygon, twong dwong 5% cic tin chi cac—bon trong Verra, mot
trong nhimg chwong trinh trao ddi, bu trir tin chi cdc—bon tu nguyén 16n nhit [16]. Theo do,
Toucan sé rut cac tin chi cac—bon khoi hé thdng ding ky cua Verra va phat hanh mot phién
ban ma héa tin chi cac—bon theo dang ma thong bao khong thay doi (NFT). Cac ma NFT
chtra thong tin lién quan vé cac du 4n giam nhe phét thai, luong tin chi cac—bon va c6 thé
giao dich trén thi truong.

Tai Chile, chinh phu da hop tac v6i chinh phii Canada thi diém ap dung cong nghé chudi
khdi trong thu thap dit liéu trong mot du an phét dién tir rac tir thang 1 nam 2020 dén thang
3 ndm 2022 [17]. Tuy nhién, cac két qua giam nhe caa du an chi phuc vu cho viéc tinh toan
NDC cua Chile ma khong tao cac tin chi cac—bon. Theo d6, dur an sir dung cong nghé sb cai
phan tan (DLT) dé bao mat dit liéu do hé thdng thu thap. Dy an da sir dung chudi khdi IOTA,
str dung mot vong 1ap c6 hudng dan do thi chtr khong phai 13 mot blockchain truyén thng.
Cu thé, dit liéu khong dugc luu trir trong mot chudi don 1é va c6 thé c6 nhiéu chi nhanh, cho
phép giao dich dlen ra dong thoi. Khong giéng nhu cac chudi khdi khac, DLT cta IOTA ting
cuong hiéu suét tiét kiém nang luong va cho phép khdi luong giao dich cao ma khong co phi
chuyén dir licu.

3.3. Pé xudt

Tao co ché, chinh sach tai chinh dé hinh thanh va van hanh thi trudng cac-bon & Viét
Nam, Viét Nam da 1an dau luat hoa quy dinh vé phat trién thi truong cac—bon tai biéu 139,
Luat Bao vé méi truong nam 2020 [18]. Cu thé, thi trudng cac—bon cta Viét Nam s& bao
gdm hai hop phéan chinh: (i) Hé théng trao d6i han ngach phat thai khi nha kinh va (ii) Co
ché trao doi, bu trur tin chi cac—bon. Cac dbi tuong du kién tham gia thi truong cac—bon s€
thugc danh muc cac co s¢ phat thai khi nha kinh phai thyc hién kiém ké khi nha kinh, thudc
04 nganh: cong thuong, giao thong van tai, xay dung, tai nguyén va moi truong, quy dinh tai
Quyét dinh s6 01/2022/QD-TTg ctia Thii tuéng Chinh phii. Cac ¢& s nay dugce Chinh phi
phan b han ngach phat thai khi nha kinh va ¢ quyén trao d6i, mua ban trén thi truong cac—
bon trong nudce [19].

Dé quy dinh chi tiét thi hanh Luat Bao vé moi trudng nam 2020 vé giam nhe phét thai
khi nha kinh va bao vé tang 6—don, ngay 07/01/2022, Chinh phu da ban hanh Nghi dinh s6
06/2022/ND-CP [20]. Nghi dinh quy dinh phan bo han ngach phat thai khi nha kinh, ddi
tuong tham gia thi truong cac—bon trong nudc, 16 trinh phat trién, thoi diém trién khai thi
truong cac-bon trong nudc; xac nhan tin chi cac—bon duoc giao dich trén san giao dich cua
thi trudng cac—bon trong nudc; trao d6i han ngach phat thai khi nha kinh va tin chi cac—bon
trén san giao dich thi trudng cac—bon trong nudc; ho so, trinh tu, tha tuc thuc hién du an theo
co ché trao ddi, bu trir tin chi cac—bon; trach nhiém ctia cic co quan trong viéc phat trién thi
truong cac—bon. Theo do, Bo Tai nguyén va Mai truong 1a co quan chiu trach nhiém van
hanh va quan 1y thi truong cac—bon. Theo Nghi dinh 06/2022/ND—CP, Viét Nam sé& thi diém
thi truong cac—bon tir ndm 2026 va trién khai chinh thirc tir nam 2028 tro di (Hinh 2).

2021 2022 | 2023 | 2024 | 2025 2026 2027 2028 2029 2030

Co ché trao ddi, bu trir tin chi cac—bon

Giai doan chuén bi Giai doan trién khai thuc hi¢n

Heé théng trao d6i han ngach va tin chi cac-bon

Giai doan chuin bi Giai doan thi diém Giai doan trién khai

Hinh 2. Lo trinh dy kién 4p dung thuc hién cong cu dinh gid cac—bon & Viét Nam.



Tap chi Khi twong Thity van 2022, 742, 19-27; doi:10.36335/VNIJHM.2022(742).19-27 23

Vi vay, dé c6 thé nghién ctru, ap dung kip thoi cong nghé chudi khdi trong quan 1y va
van hanh thi truong, can xem xét va lya chon cac hoat dong cua thi truong phu hop cho vige
ap dung.

Xem xét Kha nang phi
tap trung hoa
Quy trinh
ra quyét 6 Khéng
dinh
Phwong thire quan 1y Swr dung phwong thire
phi tap trung truyén thong
Luru tri va xir Iy trén chudi khoi
i | [ e
nghé chudi khéi ghe chmol &
. Iac
Xay
dung mo
hinh
Phuong thhuc dong |, Loai dit liéu?
thuén
Cac yéu
t6 khac Lot ich tham gia Co ché bao mat

Hinh 3. Quy trinh x4y dung phwong 4n 4p dung cong nghé chudi khdi [21].

Dé c6 thé xac dinh nhing khia canh cua thi truong cac—bon c6 thé can nhic ap dung
cong nghé chudi khdi, bai bao str dung quy trinh theo Hinh 3. Cu thé, can xac dinh nhiing
hoat dong cua thi truong c6 kha nang quan 1y phi tép trung. Néu hoat dong d6 c6 kha nang
quan ly phi tap trung thi can can nhic ap dung cong nghé chudi khdi. Sau do6, can xac dinh
md hinh chudi khdi phu hop dé ap dung, bao gom xac dinh loai hinh chu01 khdi ap dung, cau
trac dir li¢u, phuong thirc dong thuén trong chudi kh01 Ngoai ra, can tich hop cac yéu to
quan ly khac phu hop v6i nhu cau thyc tidn. DSi véi mdi quy trinh, s& co twong ing mot s6
lwa chon dé can nhic 4p dung (Bang 1).

Bang 1. Cac lya chon ddi véi quy trinh xay dung phwong an dp dung cong nghé chudi khdi.

Buéc/Quy trinh Néi dung Luwa chon
Hoan toan tap trung héa
Quy trinh ra quyét dinh Murc d6 tap trung hoa Bén tép trung hoa
Phi tép trung hoa

Trén chudi khéi
Ngoai chudi khbi
Hop ddng thong minh
X dung cong nghé khac
Trén chubi khéi
Xir 1y s6 ligu Ngoai chudi khdi (vi du st dung
dién toan dam may)
Do chinh phu xay dung
Do tu nhén xay dung

Luu trit s0 liéu

Luru trit v& xit Iy Thu thap 0 licu

Xay dung md hinh chudi khéi  Xéc dinh loai chudi khéi
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Buéc/Quy trinh Noi dung Luwa chon
Do lién doanh cong tu xdy dung
Theo dang chudi khéi
Xac dinh loai dir liéu Theo dang GHOST
Theo dang BlockDAG
Proof—of-work
Proof-of-authority
Phuong thirc dong thuan [22] Proof-of-stake
Proof—of-retrievably
Xt Iy ngoai chudi khéi
Bao mat danh tinh bén tham gia
Chia sé danh tinh bén tham gia
Phi giao dich
Tién a0

Co ché bao mat
Céc yéu tb khac
Loi ich tham gia

Theo d6, bai bao sé& tap trung phan tich va dé xuat phuong an ap dung céng nghé chudi
khéi trong cac hoat dong van hanh hé théng co s dir liéu vé han ngach phat thai khi nha kinh
va tin chi cac—bon, ban hanh tin chi cdc—bon va thdm dinh nham tang tinh hiéu qua va minh
bach trong qua trinh van hanh va quan 1y thi truong.

3.3.1. Van hanh hé théng co sé dit liéu vé han ngach phét thai khi nha kinh va tin chi cac—
bon

Trong h¢ thong co s6 dit liéu vé han ngach phat thai khi nha kinh va tin chi cac—bon, B9
Tai nguyén va M6i truong c6 trach nhiém luu trir va c@p nhép thong tin, s liéu. Cu thé, Bo
Tai nguyén va Mai truong duy kién s& cip quyen cho cac doanh nghiép tham gia thi truong
dé mo tai khoan dang ky trong h¢ thong. Moi tai khoan s& co quyén truy cép, trich xuat cac
thong tin vé cac tin chi cidc—bon va han ngach phat thai khi nha kinh ma tai khoan d6 so hiru
nhu thong tin vé loai tin chi cdc—bon, loai hinh dy 4n, sb ky hi€u tin chi cdc—bon, nam s&
hiru, lich sur giao dich tin chi...Vi¢c luu trit thong tin, néu tién hanh theo phuong thirc truyén
thong, s& duoc thyc hién qua viéc tap trung va luu trit thong tin tai mot hé thong may chi, do
Bo Tai nguyén va Mdi trudng hodc co quan dau mdi quan 1y. Tuy nhién, thong qua viéc ap
dung céng nghé chudi khdi trong qua trinh luu trit, mdi tai khoan s& c6 mot ban sao chép cua
dir liéu. Mdi khi c6 cap nhat, cac tai khoan sé& tw dong nhan duoc ban sao chép véi cac cap
nhat moi. Piéu nay gitp giam thiéu rui ro trong qua trinh luu trlr, nhu qua tai trong truy cap
tai may chu, hodc cac sy c6 ky thuét khac, dong thoi ting tinh minh bach ‘trong qua trinh truy
cap va trich xuét s6 liéu. Hoat dong khac trong qua trinh van hanh hé thong co sé dit liéu vé
han ngach phat thai khi nha kinh va tin chi cac—bon 1a cap nhat h¢ thong. Theo quy dinh hién
nay, cac doanh nghiép can giri ho so, thong tin can cap nhat dén Bo Tai nguyén va Moi truong
dé xac minh va cap nhat trong hé thong. Néu ap dung cong nghé chudi khoi, s& c6 hai phuong
an dé tién hanh viéc cap nhat co so dit liéu.

Phuong 4n 1 14 thong qua chu trinh “proof—of-work”, h¢ thong sé& tao nhitng ndt trong
mang ludi chiu trach nhiém thu thap, xac minh cac thong tin cap nhat. Bat cir tai khoan hoic
don vi nao ciing c6 thé tham gia xac minh céc thong tin cap nhat.

Phuong an 2 1a thong qua chu trinh “proof-of-authority”. Theo d6, B6 Tai nguyén va
Méi truong sé& 1 co quan dau mdi duy nhét tién hanh xac minh céc thay d6i. Qué trinh Xac
minh s& dugc ty dong hoa, ma khong can sy theo ddi thuong xuyén ctua nguoi van hanh hé
thong Phuong an 2 phu hgp v6i quy dinh hién hanh, dong thot ciing cho phep co quan dau
mdi phan quyén cho mét sb tai khoan, co quan dau mbi tai cac Bo chuyén nganh khéc dé tién
hanh xac minh va cdp nhat vao hé thong.

3.3.2. Ban hanh tin chi cac—bon

Hoat dong ban hanh tin chi céc—bon du kién ’duoc thuc hién béi Bo :Féi nguyén va Moi
truong. Cac doanh nghiép khi co6 nhu cau dugce cap tin chi, s€ phai gui h6 so gébm cac thong
tin nhu loai hinh du 4n, phuong phép luan, so Iugng khi nha kinh gidm dugc cung ho so tham
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dinh cta bén thir ba dén B¢ Tai nguyén va Mbi truong. Sau khi ra soat hd so, Bo Tai nguyén
va Moi truong s& quyét dinh viée cdp tin chi cho doanh nghiép. Trong trudng hop, co qua
nhiéu doanh nghiép cing giri hd so vao mot thoi diém, quy trinh trén s& dan dén viéc chim
tré trong qua trinh ban hanh tin chi cac—bon, dong thoi tang chi phi hanh chinh. Néu ap dung
cong nghé chudi khéi, cac tin chi cac—bon s& duge ban hanh thong qua sir dung cac hop dong
théng minh.

Hop dong thong minh la cac chuong trinh chay trén c6ng ngh¢ chudi khéi. Hop dong
thong minh cting giong nhu mot hop ddng k¥ thuat sb bi bét budc thue hién boi mot bo quy
tac, quy chuan cu thé. Cac quy tic nay do bd ma may tinh xac dinh truéc ma tit ca cac not
trong mang ludi déu phai sao chép va thuc thi cac quy tic d6. Dé ap dung, Bo Tai nguyén va
Moi trudng can xay dung va dua vao hé thong mot bo tiéu chuin cho hoat dong ban hanh tin
chi. Sau dé, cac doanh nghiép can dién day du thong tin theo tiéu chuan dé ra. Hop dong
thong minh s& ty dong ban hanh tin chi cac—bon khi doanh nghiép dat dugc cac diéu kién vé
tiéu chuan. Qua trinh ty dong hoa théng qua hop dong thong minh nay s& gitp tang tinh minh
bach va giam chi phi hoat dong. Tuy nhi€n, can luu ¥ rang hop dong thong minh xiy dung
trén cong nghé chudi kh01 nén khong thé sira d6i va can thiép. Mot khi hop d6ng thong minh
dugc viét ra, néu mudn thay doi thi chi cé cach viét lai mot hop dong méi.

3.3.3. Thim dinh

Theo quy dinh tai Diéu 14, Nghi dinh s6 06/2022/NP—-CP, don vi thim dinh thuc hién
thim dinh giam nhe phat thai khi nha kinh theo quy dinh ctia B6 Tai nguyén va Méi trudng
va chiu trach nhiém vé két qua tham dinh giam nhe phat thai khi nha kinh. Bao c4o tham dinh
s& duoc tich hop tré thanh mot trong nhitng tiéu chuan trong phan mém hop dong théng minh
dé ban hanh tin chi cac—bon. Nhu di dé xuit & trén, tin chi cac—bon chi c¢6 thé dugc ban hanh
néu céc didu kién, tiéu chuan trong hop dong thong minh duoc théa man. Nhu vay, vai trd
ctia BO Tai nguyén va Moi truong trong viée quan 1y cac hoat dong tham dinh s& chu yéu tap
trung vao vi¢c kiém tra ngéu nhién cac bao cao tham dinh, tiét kiém thoi gian xét duyét ting
hd so, bao cao tham dinh két qua giam nhe.

4. Két luan

Thong qua nghién ciru, c6 thé két luan rang tiém ning cua cong nghé chudi khéi trong
quéan 1y va van hanh thi trudng cdc—bon 1a rat 16n. Thong qua viéc ap dung cong nghé chudi
khéi, tinh minh bach cta thi truong s& duoc ting cudng, dong thoi hd tro tiét kiém chi phi
quan 1y va tang hiéu qua trong cic giao dich trén thi truong. Cu thé, cong nghé chudi khdi co
thé dugc xem xét dé ap dung trong qua trinh quan 1y va van hanh co s dit liéu caa thi truong,
hd trg qua trinh ban hanh tin chi cho cac bén tham gia du an va phuc vu hoat dong tham dinh
trén thi truong. Tuy nhién, de cd thé ap dung trién khai trong thyc té va phu hop véi 16 trinh
phat trién cua thi truong, can tlep tuc c6 nhirng nghién ctru va thi diém nham chon lya nhing
md hinh céng nghé chudi khdi phii hop véi nhu cau quan 1y ciia chinh pha va xu thé phat
trién cta thi truong.

DPong gop cua tac gia: Xay dung y tuong nghién cau: N.T.C., L.M.Q.; Lwa chon phuong
phép nghién ctru: N.V.M., N.T.C.; Viét ban thao bai bao: N.T.C., L.M.Q.; Chinh stra bai bao:
L.T.T.

Loi cam on: Tap thé tic gia xin tran trong cam on Phong Kinh t& va Thong tin bién d6i khi
héu, Cuc Bién doi khi hau, Bo Tai nguyén va Méi truong da hd tro vé s lidu va thong tin dé
thuc hién bai bao nay.

Loi cam doan: Tap thé tac gia cam doan bai bdo nay 1 cong trinh nghién ctru ciia tap thé
tac gia, chua duoc cong bd & dau, khong dugc sao chép tir nhitng nghién ctu trude day;
khong c6 sy tranh chap lgi ich trong nhom tac gia.
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Abstract: Carbon pricing, including carbon markets, is gradually becoming the main policy
tool used by countries in their efforts to reduce greenhouse gas emissions. Along with the
development of the carbon market, new technologies to support the management and
operation of the market are also being actively researched and applied by the relevant
stakeholders. Blockchain technology is a prime example of this trend. The article will
provide information, research potential and propose methods of applying blockchain
technology in the management and operation of the carbon market in Viet Nam. From there,
the results of the article will provide a basis for policy makers in developing relevant legal
documents, supporting Viet Nam in transparent management and efficient operation of the
domestic carbon market.

Keywords: Block chain technology; Carbon market; Paris Agreement.
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Tém tit: Hoat dong do luu lwong nudc theo tha cong ton nhiéu kinh phi trong viéc thiét ké
cong trinh va nhan lyc van hanh. Bén canh do6, nguy co an toan lao dong con tiém an, khi
thién tai khic nghiét xay ra va kha nang sai s6 mang tinh chu quan do quan tric vién. Vige
ng dung giai phap céng nghé quan trac luu lugng nudc tu dong theo ‘nguyén ly khong tiép
xuc khong nhimng khic phuc nhing bat cap néu trén ma con dam bao tan suét truyén tin, kha
nang so hoa, dong bo dir 1iéu, dinh hudng trén nén tang Big Data, phuc vu du bao s6 theo
chién luge phat trlen nganh khi tugng thily van Viét Nam. Bai bdo nay s€ cung cap thong
tin va vién thirc vé& giai phap do luu luong nudce song bang cong ngh¢ khong tlep XUc va
phan tich két qua tinh toan tir s liéu thuc do, tai cac tram quan trac thuy vin; két qua thu
nghiém thiét bi duoc so sanh, kiém nghiém voi qua trinh do song song theo nghiép vu hién
nay cho thdy co s& khoa hoc va thuc tién c6 thé trién khai, van hanh vao thuc té giai phap
quan tric luu luong nude séng theo nguyén 1y khong tiép xtc.

Tir khéa: Khong tiép xuc; Nguyén ly; Déanh gia; Két qua; S liéu.

1. M& dau

Theo dinh huéng chién luge phat trién nganh khi twong thuy van [1] trong Quyét dinh
s6 1970/QP-TTg ngay 23/11/2021 ctia Thu tudng Chinh phu, dén ndm 2030, cong tac quan
trac luu luong nudce phai dat trén 40% ty dong hoa [1]. Thuc té hién nay, muc do ty dong
hoa trong do dac luu lugng nude trén mang ludi tram thity vin van con chua cao (7,8%) [2-
3]. Trudc thuc té, thién tai, 18, lut, bdo da xay ra va c6 xu hudng ngay cang khoc liét, di
thudng vé tan suat, cuong do gay nén nhitng hdu qua nghiém trong, viéc do dac luu luong
nude thii cong hién nay sé& ton tai nhitng han ché nhat dinh trong quan trac [3], truyén tin, xir
Iy s6 liéu phuc vu du bao bang cong nghé s0.

Chinh vi vay, tu dong hoa quan tric 1a van dé cap bach hon bao gid hét va 1a giai phap
thlet thyc, dam bao tan suat truyén tin, kha nang sé héa, dong bo dir liéu, dinh hudng trén
nén tang Big Data, phuc vu cong tac du bao khi twong thuy vin va phong chéng thién tai hiéu
qué hon, dap g dinh hudng theo chién lugc phat trién nganh khi twong thily vin Viét Nam
[1].

Nghién ctru nay s€ cung cap thong tin vé giai phap do luu lugng nude séng bang cong
nghé khong tiép xtic va phan tich két qua tinh toan tir s6 liéu thuc do, tai cic tram quan tric
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thuy vin; két qua thir nghiém thiét bi dugc so sanh, kiém nghiém véi qua trinh do dong thoi
theo nghiép vu hién nay nhdm gop phan lam sang to & goc do khoa hoc nhat dinh trong cong
ngh¢ do luu lugng nudce tu dong va ing dung vao thyc té giai phap do luu lugng nudc song
theo nguyén 1y khong tiép xuc trong cong tac quan trac luu luong nude & Viét Nam.

2. Phuwong phap nghién ctru

2.1. Pham vi nghién cvuu

Trong khuon khé thoi gian va quy mo trién khai nén pham vi nghién ctru nay chi tap
trung vé cong nghé do luu luong nudc bang thiét bi tr dong theo nguyén 1y khong tiép xtic
v6i nude va ung dung & vung song khong anh hudng thuy triéu (thiét bi thir nghiém 12 loai
RVM 20). Tram thuy vin thu thip s6 liéu dugc chon ngiu nhién (c6 phan ving Bic, Trung,
Nam) thudc ving séng khéng anh hudng thuy triéu trén pham vi ca nude.

2.2. Thong ké, thu thdp thong tin, tai liéu

Bai bao da thong ke, thu thép thong tin, dir liéu vé nguyén ly, tinh nang cua thiét bi va
tién hanh thtr nghiém thyc té tai hién truong dé quan trac s0 liéu. Cac s6 liéu khac thu thap
duoc 1a ngudn dit liéu do tu dong tai cac tram da lap dat thiét bi tu dong va sb liéu do dong
thoi (tai 13 tram); chudi s6 liéu do luu lugng nude quan tric (tai 08 tram).

Thiét bi do duoc luu luong nudce tu dong theo nguyén 1y khong tiép xtic gdm nhiéu loai
nhu SVR-100 [4] cua hang OTT (Puc); RSS—2-300 WL [5] ctia hang Geolux—Croatia; RQ—
30 [6] ctia hang Summer—Ao; RVM20 [7] cta hing CAE-Y (Hinh 1). Sau khi phan tich, d¢
xuét lwa chon, nhém tac gia nghién ciru sir dung thiét bi ctia hang CAE véi tinh ning k¥ thuat
va giai phap van hanh dam bao thuan loi va phu hop véi cac diéu kién dia hinh song ¢ Viét
Nam dé thir nghiém.

N

| B
/)

Hinh 1. M6t s6 thiét bi do luu luong nude theo nguyén 1y khong tiép xuc véi nude trén thi truong —
Lan lugt tir trai sang phai: SVR 100-OTT; RSS-2-300 WL; RQ-30-Sumer; RVM20-CAE [4-7].

+ Dic tinh k¥ thuat cia thiét bi:

Thong thuong, thlet bi do luu lugng nudce theo nguyén Iy khong tlep xuc gbm c6 02 cam
bién (do muc nudc va tée do nude) duoc tich hop trong mot khdi va két ndi véi bo phan xir
ly tin hi¢u. Trong trudng hop nay, doi héi cac bo phan phai cé tinh dong bo dé khong bi xung
dot khi hoat dong. Tuy nhién, myuc nuéc va téc d6 nude 1a hai yéu t6 thuy van khac nhau,
nguyén Iy do céac yéu tb thuy vén cting khong nhat thiét phai gidng nhau va khong bét budc
[6-14]. Cling chinh vi the cho nén mot sb thiét bi do dwoc san xudt voi cam bién do muyc
nude va cam bién do tde do nudc tach biét va hoat dong doc lap. Sau do, tin hi¢u do cung
duogc nap vao bo phan xir 1y, tinh toan luu lwong nude. Trong s thiét bi ké trén, SVR 100,
RVM20 thudc loai nhu vay.
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Béang 1. Thong $6 k¥ thuat cua mot s6 thiét bi tr dong do luu luong nude.

STT Pham vi hoat dong

Tén thiét bi Do phan giai P chinh xac

Khodng cach Téc dd nuée
1 SVR 100 0525 m 0,08-15 m/s 0.1mmis £ 2% gia trj do duoc
2 RSS-2-300 0.5-50 m 0.02-15 m/s 0,001m/s 1% gia tri do dugc
3 RQ-30 0.5-35 m 0.10-15 m/s 1 mmis +0,01 m/s
4 RVM20 0,5-35m 0,30-15 m/s 1 mmis * 1% cua phep do

hoac + 0,02 m/s

Theo yéu cau ki thuét do dac thuy van [8-9, 15] cho thay, cac thiét bi do luu lwong nuée
theo nguyén ly khong tiép xuc ké trén déu dap mg cac yéu cau ky thuat dé dua vao st dung.
Tr s6 liéu thuce do tai cac tram thuy van quan tric duoc, tbc d6 dong chay tai cac song & nudc
ta vé mua lii ciing chi @ mae 5 m/s [16-17]. Nhu vy ngudng trén trong pham vi do cua thiét
bi tu dong khéng tiép xtic thong ké & trén hoan toan dap tmg cho cac diéu kién song ¢ Viét
Nam.

- Thu thap chudi tai liéu tai cac tram quan tric:

Ttr 08 tram thuy van ¢ vung song khong anh huong thuy triéu dé tinh toan va danh gia
mirc 6 twong quan gitra toc do trung binh mat cit ngang va toc do diém do. Nham dam bao
s6 liéu tinh toan dai déu trén cdc cap myc nudc, tai lidu cua mdi tram duoc thu thap 1a két
qua thyc do luu lugng nude tdi thiéu trong 01 nam, mat s6 tram dugc thu thap nhiéu nam dé
danh gia muc d6 thay doi ctia cac tuong quan (Bang 2).

Bang 2. Danh sach tram thu thap tai liéu quan tréc.

STT Tén tram Loai tai liéu S6 nam S lan do/niam
1 Bao Yén Luu lugng nude 6 50
2 Gia Bay Luu luong nuéc 4 46
3 Lao Cai Luu luong nuéc 6 52
4 Hoa Duyét Luu luong nuéc 1 51
5 Son Diém Luu lugng nuéc 1 36
6 Yén Thuong Luu lugng nuéc 5 52
7 Giang Son Luu lugng nuéc 1 45
8 Phudc Hoa Luu lugng nudc 4 46

- Thu thap tai liéu do dong thoi véi thiét bi ty dong:

Vi 13 tram thuy van da lép dit thiét bi (luu vuc song Ca va Vu Gia — Thu Bon), duoc
thu thap toan bo sb liéu do luu lwong nudc dong thoi va trich xudt sd liéu do tu dong tai clng
thoi diém do déng thoi dé danh gia do 6n dinh hoat dong cua thiét bi theo cac cép muc nudc
va chat lugng tai li¢u do ty dong. Danh sach céac tram va thong tin vé tai liéu céc tram tai
bang 3.

Bang 3. Danh sach tram thu thap tai liéu do ty dong va do déng thoi.

A Loai tai . Bién do muc nuée S6 lwgng tai liéu
T Tén tram lidu Thoi gian do thay dbi (cm)  (1n do dong thoi)
1 TanKy 31/5 — 30/6/2022 220 40
2 Son Diém 15/8 — 28/6/2022 64 40
3 Hoa Duyét 17/5 — 30/6/2022 220 40
4 Thanh Liém 15/6 — 15/7/2022 119 40
5  Thac Can 29/5 — 02/06/2022 290 40
6  Ho Song Bung 2 Luu 29/5 — 02/06/2022 87 40
7  Séng Thanh luong 06/5 — 22/5/2022 338 40
8 Hiép Puc nuée 06/5 — 12/5/2022 221 40
9 HO A Vuong 06/5 — 10/5/2022 47 41
10  Céau Nudc Choong 05/5 — 20/5/2022 78 37
11  Céu Tra Tap 05/5 — 21/5/2022 172 50
12 Céu Treo Ba Trau 13/5 — 17/5/2022 57 37
13 Céu Thanh My 27/5 — 06/6/2022 68 37
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2.3. Phuong phap nghién ciru

Viéc tinh toan luu lugng nude khi do bang thiét bi tw dong Ighéng tiép xtc dugc st dung
phuong phap van toc — dién tich [18-19] va thyuc hién theo so d6 hinh 2.

Phuong an tinh toan
mat cat ngang
A (Dién tich mat
H cat ngang - m?)
(Muc nurde - cm)
Q ( Luu lwgng
V.. niedic m3/s)
(Téc d6 bé mit - m/s) Vtb (Téc d6 trung
binh mat cét
Hé s didu chinh (k) ngang - m/s)

Hinh 2. So db khdi tinh toan luu lvong nuée khi do bang thiét bi tu dong theo nguyén 1y khong tiép
xuc.

Phép do toc d6 dong chay khong tiép xtc dua trén nguyén 1y hiéu tng Doppler [20-22],
luu lugng nude duge xac dinh theo cong thire [21-22] dudi day:

Q=VuXA=KXVmnXxA Q

Trong d6 Vib 1a tbc d6 trung binh toan mat cat ngang (m/s); Vm 1 toc do trén bé mat
nude tai vi tri do (M/s); A 1a dién tich mit cit udt (m?); k 1a mot hé sb diéu chinh; k duogc xac
dinh thong qua thuc nghiém theo cong thirc: k = Vip/Vm.

Bai béo két hop phuong phap phan tich trong viéc danh gia, lua chon vé cac ching loai
thiét bi do luu lwong nudc ty dong va nguyén 1y do cia cong nghé nay; dénh gia cac tham sb
tham gia trong tinh todn, xac dinh gié tri luvu lugng nudce, bao gom cac tuong quan, phU:O'ng
phap tinh toan, giéi han va diéu kién xac dinh; phan tich danh gia cac twong quan gitra tdc
do trung binh voi téc d6 diém do trén mat cat ngang (tbc do mat) 601 Vv6i timg tram dé Xxac
dinh hé s6 va muc do chat ché cua twong quan. Twong quan gitra tdc do trung binh Vol tbe
do diém do trén mat cat ngang dé xéac dinh hé sb dleu chinh tinh luu lugng nudc, can phai
chat ché néu khong s& dan dén két ‘qua do co sai s6 rat 16n [11, 23] va nguoc lai. Nhu vay,
mubn co6 két qua t6t, thi trén mat cat ngang, can lya chon duoc vi tri co tuong quan t6t nhat
dé lap dat thiét bi [24]. Pay ciling 1a diém mau chdt [21] trong nguyén tic do luu lugng nude
theo nguyén 1y khong tiép xtic.

2.4. Xir Iy 56 liéu

Két quéd luu lugng nudce do béng thiét bi tu dong dugc trich Xuat tir ph?m mém di kém
thiét bi do (luu trit sang may tinh dinh dang file excel (.xlsx). Ddi voi két qua luu luong nude
thuc do tai cac tram dugce nhap vao may vi tinh. Thoi diém do luu lwong nude dong thoi,
dugc tinh trung binh trong khoang thoi gian bat dau va két thiic do luu luong nude [10]. Toan
bd qua trinh tinh toan, xay dung cic biéu d6 dugc xir Iy bang phan mém Microsoft Excel.

3. Két qua va thao luin

3.1. Két qua do thir nghiém

- Pia diém thir nghiém: Pia diém thir nghiém duoc chon 14 tram thuy vin Gia Bay, thudc
Pai KTTV khu vuc Viét Bic. Dé so sanh, danh gia chét luong tai li€u do tai céc vi tri trén
mit cét ngang, thiét bi duoc lép dat ¢b dinh tam thoi trén cau trong thoi gian thu thap sb liéu
va di chuyén dén céc vi tri twong ing véi cac thuy tryc trén cau Gia Bay (Hinh 3). Céc vi tri
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di chuyén, duoc xac dinh twong tmg véi khoang cach vi tri cac thuy truc & khu vuc cha luu
va cac vi tri trén mat cat ngang. Hudng lap dat thiét bi ve phia thuong luu cau (tia chiéu
nguogc voi hudng dong chay).

-
i
m
-~
o

=
es
&)

Hinh 3. Céc vi tri thir nghiém thiét bi trén cau Gia Bay.

- Thiét bi thir nghiém 14 thiét bi do van tdc ciia hing CAE, ky hiéu RVM20 [7] (khong
bao gdm sensor do myc nude — hinh 3): Pham vi do: 0,115 m/s; do chinh xac: + 0,01 m/s;
do phan gidi: 1 mm/s; khoang cach do dugc téi mat nudc: 0,5-30 m.

- Cong trinh gin thiét bi 1a b ga ty ché, nén rat thuan tién va linh hoat khi di chuyén va
gan ¢ dinh trén cau giao thong, dam bao d6 chic chan va 6n dinh cho sensor khi thu thap s6
liéu va bao dam hanh lang an toan hoat dong theo quy dinh hién hanh [25-27].

- Phin mém hoat dong thu thap s6 liéu Commander (ban thtr nghiém, do d6 chi danh gia
s6 liéu van tdc diém do).

- Ché d6 dong chay: Tai thoi diém thir nghiém, dong chay tai tuyén do van tdc thir nghiém
khong chiu anh hudng cua cac cong trinh nhu thuy dién, dap hay cac cong trinh dan sinh
khac. Thoi diém do muc nude dao dong it, khong chiu anh huong 1. Chi Iuu ctiia dong chay
1éch vé phia bo phai. Do khoang cach tai vi tri lip dat sensor dén tuyén do luu lugng nudc
cua Tram Thuy van Gia Bay khoang 50 m, khong co xuat hay nhap luu nén coi dong chay
tai tram va & vi tri lap may (cau) 1a tuong dwong nhau. Trong thoi gian thir nghiém, su bién
d6i ctia myc nudc khong nhiéu nén rat thuan lgi cho viéc so sanh, d4nh gia ket qua tai cac vi
tri do trén mat cat ngang (khi di chuyén thiét bi dén cac vi tri do trén mit cit ngang, muc
nude gan nhu khong bién doi).

Bang 4. Mot s6 két qua thir nghiém thiét bi RVM20 tai tram thuy vin Gia Bay.

Téc d9 mat do durgc

Tong so lan do vm (mis)

Vitrido  Thoi gian do Z 1R 1A ~
So lan do So lan do khong Vim max vm min

c6 s ligu c6 s ligu
1 <-ire1; 11%%3%% 6 21 0,485 021
2 gin10a7on 7 58 0,629 0211
3 dTel:u 11%3329% 35 0 0,545 0,291
4 dTel:u 1111:%322 45 0 0,729 0,229
> (;-61; 11%%%:3% 16 36 0,643 0,409
6 Tir 15:58:26 2 . 0506 0300

den 16:05:17
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Két qua tdc do nudce do thu nghiém thiét bi RVM20 tai tram thuy van Gia Bay tai cac vi
tri trén mat cat ngang dugc thong ké trong bang 4 va vé trén cac biéu do, biéu dién trong hinh
5, cho thdy tai cac vi tri chi luu (vi tri 3, 4), va vi tri s6 6, noi quan sat thdy dong chay r rét,
két qua thu dugc dung theo tan sudt do da cai dit va khong bi mat sb lidu.

Duing qui trinh Vm fai vi triso 1 Duong qui trinh Vi tai vi triso 2
1 1
05 0 *u,\u.eag
0 ] 02 || “0.27
0 |
05 ‘”l | |
05 f —
1 -1 [ | |
15 e R I RN
- [42°5407:19:31:44 56/08:21:33 46581023 36 4800 13:25:38 501031625 42 540 15 1450 28 16 43120 5B 35112 5027 04 41195533 11 48 26 03 4118 time
03 0 N 06 w7 L 34| 35| 36 | 37|38 39 | 40 | 41 | 42 | 43 | 44| 45 | 26 |47
10 10
Buong qua trinh Vim tai vi tri 56 3 Dutng qua trinh Vm tal vitri s6 4
06 0533 08
0.728
05 . H\/ v } 0|, iy
04 / -t ' 04 /"l\f"\‘ " \
03 S e e ”—"" e s s ’-l""f’ L e S agtas
02 0791 02 L o
01 0
0 02 27571742 {06 32 5 22 46 {12 36 126 5] :16 41 06 31 56 22 47 {L
37 {02 26 51 16 41 {06 31 56 21 46 (A1 36 [01 :26 50 5 4 o n 0 TR I a7 08 w h
52 53 54 55 56 57 58 59 1
in
Brong qué trinh Vi tai vi tri s0 5 Dudng qué trinh V mit (m/s)
1 0643 Lan do thit 6
08
o ‘*&5.9%9930u..-ﬂuoﬂﬂt'Wi-tnutfh
02
i
6 51 16 41 (05 30 5§ 20 45 10 35 {00 25 50 A5 40 |04
58| 59 00 0 0 03 0|05
15 16

Hinh 4. Bién trinh tdc dd nudc tai cc vi tri trén mit cit — do thir nghiém tai tram thily van Gia Bay.

Trén hinh v& ciing cho thy, bién trinh toc d6 dong chay theo thoi gian khong co cac dot
bién, cac gia trj toc do thay doi theo dao dong nhod quanh gia tri trung binh va khi so sanh
thdy phii hop véi két qua do thii cong (két qua do trung binh 0,21-0,28 m/s). Tai cac vi tri co
dong chay nhé (vi tri 1, 2, 5), phan 16n 6 liéu bj mat, khong thu duoc (céc gia tri 1 1a mic
[5] dinh khi khong c6 tin hi€u). Trén biéu dd bién trinh téc do nude (Hinh 5), xudt hién mot
sO gia tri dot bién. Theo nhan dinh, day 1a do cic vét song nude trén bé mit do gio (xudi
dong) tao nén, khong phan anh diing gia tri dong chay tai vi tri do, cadc quan sat khac ciing
cho thdy gan nhu khong c6 dong chay.

1 Bién trinh tdc d6 nwdc - K&t quéa thr nghiém thiét bi tw dong

08 {tai vi tri thiy tryee IV tir ngay15 dén 24/6/2017 tram thiy van Gia Bay)
0.8

o7
06
05
0.4

03
1
01

0
6/15/20170:00  6/16/20170:00  6/17/20170:00  6/18/20170:00  6/19/20170:00  6/20/20170:00 /212017 0:00  6/22/2017 000  6/23/2017 0:00  6/24/2017 0:00

Hinh 5. Bién trinh toc d6 nudc tai thuy truc dai biéu — do thir nghiém tai tram thuy vin Gia Bay.
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Qua két qua thtr nghiém cho thy: (1) Thiét bi do luu lwong nudc ty dong theo nguyén
Iy khong tlep xuc, ¢6 d nhay rat cao, thu duoc cac gia tri tirc thoi (den 5 gidy), diéu nay ciing
ddng nghia rang cac két qua do s& co nhiing gia tri dot bién khi bé mit nudc khong 6n dinh
hodc qua phang (nudc xody, vat; noi dong chay qua nho; vat troi n01) (2) Khi téc do dong
nude qua nho (dudi 0,2 m/s), cac anh huong cia diéu kién thoi tiét dén két qua do la dang
ké, tham chi khong thu dugc tin hiéu; (3) Tai cac khu vuc c6 dong chay tuwong ddi 13 rét nhu
ving chu luu, khu vue nuée chay 6n dinh thi két qua do tot, khong bi mat s6 liéu, it bi tac
dong cua thoi tiét.

3.2. Két qua xac dinh twong quan giita téc do trung binh voi t6c¢ dp tai cac diém mdt

Két qua tinh toan va xay dung biéu dd twong quan giira toc do trung binh va tdc do tai diém
mat ¢ thuy truc dai biéu cua cic tram thuy van trén hinh 6, cho théy, cac biéu dd déu co dang
ddng bién, cac diém chim tap trung thanh bang dai hep va thang (Mic du trong s cac tram tinh
toan c6 nhiéu tram ché do dong chay anh hudng [l nhu Hoa Duy¢ét, Son Diém, Yén Thuong).

Hinh 6. Biéu do tuong quan Vi, =f(Vim) tai thuy truc dai biéu cta cac tram thuy vin — lan luot tir tréi sang
phai, tir trén xuong dudi la tram Bao Yén, Gia Béy, Lao Cai, Hoa Duyét, Son Diém, Yén Thuong, Giang
Son, Phudc Hoa.

Két qua tinh toan trén mit cit ngang véi chudi sb liéu thuc do, duoc thu thap tir cc tram
quan tric duoc thong ké trong bang 5 cho thay, hau hét cac tram tinh toan, & khu vuc chu luu
(chit in dam), hé s0 tuong quan oOn dinh va tuong d6i 16m, & mic tir 0,97-0,99. Tai cac thuy
triue & khu vue khong phai chu luu, hé sb nay co sur bién dong, thuong nho hon ¢ chu luu, tham
chi ¢ twong quan nghich (nho6 hon 0). Bleu nay, dong nghia ¢ khu vyc chu luu tuong quan
gitra toc d¢ trung binh mit cit ngang va toc d tai cac diém trén bé mit t6t va giam dan vé phia
hai bo song.

Bang 5. Hé sb tuong quan giita toc do trung binh mat cit ngang vai toc do diém mat trén mat cit
ngang tai mot s6 tram thuy van.

STT Téntram Thuy truc/Hé sé twong quan
1 Bao Yén V/0,98  VI/0,96 VII/0,96 VIII/0,95 1X/0,97 X/0,85 X1/0,67
2 Gia Bay 11/0,99  111/0,99 1V/0,98 V//0,99 V1/0,99  VI1/0,99  VIII/0,99
3 Lao Cai 11/0,99 1Vv/0,99  V/0,99 V1/0,99  VII/0,98 VIII/0,99  1X/0,99
4 Hoa

Duyét 1/0,96 11/0,99  111/0,99 1\V/0,99 V//0,98 VI/0,96  VII/0,98  VII1/0,88
5 Sorni)iém V/0,91  VI/0,97 VII/0,95 VIII/0,97 1X/0,97 X/0,97 X1/0,96
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STT Téntram Thuy truc/Hé sé twong quan
6 Yen /0,98 IV/0,99 V099  VI098  VII098 VIN09E  I1X/0,87
Thuong
! S&i”g -013 1062 NI/059  IVI076 V076  VI-011
8 ﬂ%‘;ﬁc VI8 IX/099 X099  XI/099  XI/0.99 XII/0.99 XIV/0.98

3.3. Két qua so sanh leu heong miede do dong thoi

Két qua trich xuét sd liéu luu lugng nude tir thiét bi do ty dong cung thoi diém véi luu
lugng nuée do dong thoi tai mot s6 tram thuy van (tram da 1dp dat thiét bi tw dong) duoc v8
trén cung biéu dd (Hinh 7), cho thay, bién trinh luu lwong nuée do bang thiét bi tr dong tai cac
tram déu co xu huong tuong dong tai cac tram Tan Ky, Thanh Lién, Son Di¢ém, Hoa Duyét,
Hb A Vuong, Ciu Hiép Purc, CAu Nude Choong, Ciu Song Thanh, Cau Thanh My, CAu Tra
Tap, Cau Treo Ba Chau, Hd Song Bung, Théac Can. biéu nay cho théy két qua do tur thiét bi tu
dong phan anh dung din bién luu lwong nudce nhu két qua do dong thoi va cé chat luong tot.

P . N Bién trinh lweu Ieong nuwdc tram Son
Bié'ntrinhlwl\rq‘rg ke tram Tin K Bien mnIl1 Iru Iu‘l_:Tg nurd'c tram Thanh Lién 100.00 Ditm
31/5- 30/6/2022 tir 16/7 §&n 01/8 ndm 2022 s i 18/5 - 28/6 n3m 2022
3

Qmifs) L Pl Py A A e _
o ---apd —0 do déng théi almifs) Qtd (0 do dai chimg -, — Qo dong hi i Qtﬂ @ do ddi ching

400 . 000
; WM 0 R
w N 20 _ =

.-[ %n trinh luru Igng nwdre tram Hoa duyét
tir 17/5 dén 30/6 ném 2022

0.0

ks trinh luw huomg nuic tram Higp Dic

DI6IA705. - LS.
mnn m

Tiew trimh W baon s de tram 16 Seng Bung

Biew srink i bawng mre e ram Can Think M3
100

A
i m\y’/\%ﬁ\ .

1AM - 06
unnn || on

N i e i o i Hinh 7. Bién trinh Iuu lugng nudc do tir thiét bi tw dong va luu lwong nude

do df”)ng thoi tai mot sb tram thuy van.

srenunnn:

4. Két luan va kién nghi

1. Viéc xac dinh vi tri do (vi tri dai dién) dong vai tro rat quan trong, quyét dinh dén két
qua va chét luong s6 liéu do. Két qua tdt nhat dat duoc 14 tai khu vuc chi luu, & nhiing doan
song thang, 10ng song it bién d6i (Vi tri s 3, 4 twong g khu vuc chii luu ciia tram tai thiy
tryc s6 IV ctia tram thuy vin Gia Bay). O nhiing khu vuc 10ng séng gap ghénh nhu da tang
hoac ¢6 céc cong trinh nhan tao, chd nudc xody c6 anh huong dang ké dén két qua do (mat
s6 liéu). Vi vay khéng nén lap dit thiét bi tai  nhirg nhiing khu vire nay. Cac vi tri ¢ hai ven
bo va gan khu vue tru cau, ¢ nude chdy quan, chat luong tai liéu do dac kém (vi tri s6 1,2,
5 twong Ung véi vi tri thuy true VII, VIIL, 1D);
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2. Tuong quan gitra tdc d tai cac diém mat trén mat cat ngang v&i tde do trung binh mat
cit dam bao tinh chit ché. Didu nay khong chi c6 & cac tram c6 ché do dong chay 6n dinh (Q
=f(H) 6n dinh) ma tai cac tram c6 ché d6 dong chay anh hudng 1u cling tuong tw nhu vay
(Tram Yén Thuong, Hoa Duyét, Son Diém). Tuy nhién, dé dam bdo tinh khach quan khi st
dung tuong quan nay cho tinh toan luu lugng nudc thi hé sd twong quan can phai dugc xéac
dinh tir chudi tai liéu thuc do du dai, bd tri trén cac cip muc nude tai tram;

3. Thiét bi do luu luong nudce ty dong theo nguyén 1y khong tiép xtc 13 thiét bi co do
nhay rat cao, diéu ndy ciing dong nghia ring cac két qua do s& co nhiing gia tri dot bién khi
bé mit nudce khong on dinh hoic qua phéng (Két qua thtr nghiém tai vi tri 1,2, 5 tai cau Gia
Bay c6 nudc xody, vat; do gan tru cau);

4. Thyc té danh gia cho thay, gi6 14 yéu t6 anh huong rat 1on dén két qua do, dic biét 1a
khi tbc d6 dong chay nho. Tac dong cia gid 1am cho két qua do téc do diém mit thu duoc
tang hodc giam madt cach dot bién so v&i chudi s6 liéu 6n dinh. Trong khi Iuu lugng nudc 1a
yéu td ccos tinh chat bién doi tur tir, vi vay, khi tinh toan luu lugng nudce, cac gia tri nay, can
phai dugc loai bd hoac hi¢u chinh vé pham vi cho phép, phu hop véi dao dong cua chudi tai
liéu do.

Pong gop ciia tic gia: Xay dung y tudng nghién ciru, vach ra so dd viét ban nhap, chinh sira

ban théo: L.B.D.; Xtr Iy s6 liéu, v& hinh: H.T.N., H.T.H.L.; Viét ban thao: N.X.H.; Kiém tra, hoan

thién: D.H.D.

Loi cam on: Nghién ctru nay dugc thuc hién dudi sy tai trg cla dé tai nghién curu khoa hoc

cap co sO, ma s6 CS.2022.2. Bén canh d6, tap thé tac gia tran trong cam on su giup d& cua

tram thiy van Gia Bay, thudc Bai KTTV khu vyc Viét Bic trong qua trinh do dac thir nghiém
va thuc hién nghién ctru nay.

Loi cam doan: Tap thé tac gia cam doan bai bao nay 1a nghién ciru cia tap thé tac gia, chua

duogc cong bd & dau, khong duoc sao chép tir nhitng nghién ciru trude day; khong co su tranh

chap loi ich trong nhom tac gia.
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Evaluation of test water flow measurement results by automatic
equipment on the non-contact principle on the network of
hydrological stations
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Abstract: Manual water flow measurement activities are costly in terms of construction
design and operation personnel. In addition, there is a potential risk of occupational safety
when severe natural disasters occur and the possibility of subjective error of observers. The
application of an automatic traffic monitoring technology solution on the non—contact
principle not only overcomes the above inadequacies but also ensures the frequency of
communication, the ability to digitize, synchronize data and navigate on the Internet. Big
Data platform, serving digital forecasting according to the development strategy of
Vietnam's hydrometeorological industry. This paper will provide information on the
solution of measuring river water flow by non—contact technology and analyze calculation
results from data collected from hydrological monitoring stations; The equipment test
results are compared and tested with the parallel measurement process according to the
current professional practice, showing that the scientific and practical basis can deploy and
operate the river water flow monitoring solution into reality. according to the non—contact
principle.

Keywords: Non—contact; Principles; Evaluate; Result; Data.
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Tém tat: Nghién ctru nay st dung mo6 hinh MIKE 11 két hop v6i chi sO WQI dé danh gia
dién bién chat luong nude mat viang Tu Gide Long Xuyén. Két qua cho thay dién bién chat
lu()’ng nuoc t6t nhat tai vi tri dau kénh Xang Vinh Tre tiép gidp v6i song Hau-ND5(N)-CP
va vi tri cudi rach Ong Chuong giap song Hau-ND20(N)-CM (dong mure s dung cho muc
dich tudi tidu ca 3 nam lién tiép), xau nhat tai diém giita kénh Mic Can du:ng tiép giap kénh
Xéang Cay Duong-NDPO(N)-CT, vi tri cudi kénh Tam Ngan, tiép giap Kién Giang—
ND12(N)-TT va kénh Xang Ca Mau giap kénh Pong Xut-ND24(N)-CM. M6 phong chat
luong nudc theo kich ban 1, ndng d6 cac chét cao; TSS: 56,78 mg/l, BODs: 5,73 mg/l, COD:
5,73 mg/l, Téng N: 1,97 mg/l, Téng P: 0,332 mg/] trong mua kiét. Vi kich ban 2, khi dan
s6 tang, kinh té phat trién thi ndng do TSS: 33,68 mg/l, tang khoang 15,3% so v6i hién
trang. Néu theo kich ban 3 thi khi xay dyng cong trinh cong ngan mén da tac dong toi ché
do dong chay va lam cho ndng d6 BOD ting cao hon so véi hién trang khoang 9,996 mg/l,

dién bién nong d6 BOD phia thugng luu do khong bi tac dong boi che d6 thity triéu nén
bién d6 giao dong khong 16n va ndng do ting dan theo thoi gian dong cong.

Tur khéa: Tt giac Long Xuyén; Dong bang song Ctru Long; Ngudn nude mat; MIKE 11;
Chi s6 WQI.

1. Giéi thi¢u

Tu Giac Long Xuyén (TGLX) la mét trong 6 vung kinh té trong diém cua Dong bang
song Cuu Long (BBSCL), voi thé manh phat trién nong nghiép 1a ving san xudt lta gao lon
nhét ciia PBSCL va nubi trong thily san nude ngot, nudc lo da dong gop rat 16n cho kinh té
cua vung. Pay la yeu t6 quan trong tao nén sy gan két chit ché voi ngudn nude cia ving
TGLX la khong thé tranh khoi nhiing tic dong dén chat lwong nudc. Viée quan ly khai thac,
van hanh va bao vé hé théng cac cong trinh thuy loi tai khu vue nay da dap tng t6t nhu cau
phuc vu san xuat nong nghiép va phat trién kinh té—x3 hoi cuia toan ving. Dong thoi trong
nhirng nam qua, tinh hinh 1a dién bién phirc tap, anh huong nghiém trong dén san xuét, doi
song va sinh hoat cia ngudi dan trong ving [1-2]. Dé giai quyét nhimng kho khin trén, tinh
An Giang, Kién Giang, Tp. Can Tho di dau tu cc cong trinh quan 1y nudc noi day gém: H¢
théng kiém soat 1ii Tha La, Tra Su va cac cong kiém soét 1ii doc tuyén Quéc 16 N1 tir Chau
DPébc dén Ha Tién; hé théng kiém soat 1 ven song Hau; d€ va hé thong cong tiéu nudc mua,
thoat 1ii va kiém so4t man ven bién Tay; he thong quan trac tai nguyén nuoc gdm: cac tram
khi twrong, thay vin; cac tram do chit lugng nude, phu sa va diém do chat luong nuée theo
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dot. Tuy nhién, cong tac quan Iy chu yéu vé ndi dung kiém soat 1ii va min, viéc danh gia chat
lwong mdi truong nude cua ving con nhidu bat cip. Vi vay muc dich ciia nghién ctiru ndy 1a
sir dung két qua tinh toan chi s6 WQI va mé hinh MIKE 11 danh gia dién bién chat luong
nuée trén dia ban Tt gidc Long Xuyén nham tim ra giai phap str dung hiéu qua ngudn nudc
trong hoat dong kinh té—xa hoi phu hop véi bdi canh hién tai, thich ing véi BBKH [3-9].

2. Phwong phap nghién ctru

2.1. Vi tri viing nghién curu

Vung TGLX nam & phia Tay cua DBSCL, trén dia phan cua ba tinh/thanh An Giang,
Kién Giang va Can Tho. Phia Bac giap bién gidi Viét Nam—Campuchia, phia Dong giap song
Hau, phia Nam giap kénh Cai San va phia Tay giap Bién Tay.
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Hinh 1. So d6 ving nghién ciru.

TGLX la ving dong bang kha bang phang c¢6 dia hinh dang long chao (trir ving Bay
Nui, Hon Séc, Ba Hon, Ha Tién c6 dia hinh doi niii). Dia hinh déc déu theo huéng Dong
Béc—Tﬁy Nam tao thanh mot canh dong triing c6 dang hd, nén TGLX dugc vi nhu 1a mot “tdi
nudc” khong 16 caia DPBSCL, ¢6 kha nang hip thu, tam trit mot khdi luong nude khéng 16 dé
diéu hoa dong chay, giam ngdp lut cho ving gitra trong mua li va bo sung dong chay nudc
ngot vao mua kho, can bang man-ngot cho vung ven bién, cung cip mot luong phu sa kha
16n chtra nhidu khoang chit dé cung cap cho dat. Tong dién tich tw nhién ciia ving 13 498.141
ha va dan sé gan 2,0 tridu nguoi. Vi cac loi thé vé diéu kién ty nhién va tai nguyén thién
nhién, TGLX la ving dét c6 tiém nang rat 16n dé phat trién kinh té hang héa véi cac thé manh
vé nong—1am nghiép, khai thac ngudn loi thity—hai san, phat trién cong nghiép va dic biét 1a
du lich, dich vu.

2.2. Phwong phdp ldy mdu

Diéu tra, khao sat, do dac, phan tich mau tai 15 vi tri voi tén goi VT1, VT2, VT3, VT4,
VTS5, VT6, VT7, VT8, VT9, VT10, VT11, VT12, VT13, VT14, VT14, VT15 dai dién dién
hinh trong hinh 2, phan b6 déu trén cac kénh, rach chinh trong khu vuc nham danh gia dién
bién chét lwong nudc cia ving TGLX (Bang 1). Ky hiéu mau cho cac khu vyc khao sat dai
dién duoc ky hiéu thé hién trong Bang 2. Tan suat ldy mau quan tric cho nim 2018-2020
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vung tir giac Long Xuyén thyc hién cling nhu cac co s¢ dac dlem san xuét va mua vu; vige
dong mo cac cong, van hanh dap Tha La va Tra Su diéu tiét nguon nuée phuc vu san xuét,
dé Iya chon thoi diém giam sat CLN vao cac thang mua kho va dau mua mua. S6 1an quan
trac: 12 1an/ (2 lan/thang x 6 thang). Cac thang 14y mu: 1, 2, 3, 4 (mua kho) va 5, 6 (du mua

mua).
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Hinh 2. So db c4c vi tri quan tric trong ving TGLX.

Bang 1. Nhiém vu dai dién giam sat chat lugng nude cua cac vi tri ldy mau.

Khu vue giam sat chit

TT h Nhiém vu giam sat chét lwgng nuwéc Ky hiéu
lwgng nudce
1 Dau kénh Cai San phia Gidm sat CLN tir song Hiu vao ving TGLX ¢ dau VTL
song Hau kénh Cai San (doan giira song Hau) .
Pau kénh Vinh Teé tor Giam sat CLN tu song Hau vao vung TGLX doan dau
2 R A s N LS - VT2
song Hau vao song, ngay khi vao vung bién gidi Viét Nam
Gitra kénh Cé‘i San, ving  Giam sat CLN doan gilta kénh Cai San do tac dong
3 giap ranh Can Tho va cua canh tdc nong nghi€p va xdm nhip man vao cac VT3
Kién Giang thang mua kho
. N ~ ~ Giam sat CLN trén kénh phuc vu SXNN cho khu vuc
Giao cua kénh Ba Thé cii . s A A A X .
4 A o Thoai Son do cac tac dong gay 6 nhiém tir canh tac VT4
va kénh Ba Thé méi n a
ndng nghiép va sinh hoat
Giao cua kénh Tri Ton, ., . . L s A A
S T o v ke Qs CLY g g 10LX do e dng g g
Mic Can Dung g nghiep -
. LA . : Giam sat CLN trén kénh phuc vu SXNN cho khu vuc
Giao cua kénh Vinh Té . Lo an A A 1ax s C A
6 s LA Tri Tén do cac tac dong gy 6 nhiém tir canh tac ndng VT6
va kénh T5 Ao
nghi¢p va sinh hoat
) Giam sat CLN trén kénh phuc vu cho khu vye Giang
7 Giao cua kénh Vinh Té Thanh do cac tac dong gdy 6 nhiém cua SXNN, VT7
va kénh Ha Giang NTTS, xém‘nhép man tr bién Tay va cac anh huong
) khéc tir ngudn nudc
g Egﬁl ;eu“}énR(aTCh S;f; Gidm sit CLN trén kénh do téc dong gy 6 nhidm t | o
Gié)g yen Up- Bah 1y Rach Gi4 va xam nhap min tir bién Tay
Giao gitra kénh Tri Ton Giam sat CLN trén kénh do tac dong cia cac ving
9 va kénh Rach Gia-Ha SXNN, 6 nhiém cta Thi trin Tri Tén va xam nhap VT9
Tién man tu bién Tay
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TT Khu vye glam sat chat Nhiém vu giam sat chét lwgng nuée Ky hiéu
lugng nude
Giao eiita kénh T5 va Giam sat CLN trén kénh do tac dong 6 nhiém cua cac
10 120 & s A vung SXNN, ving NTTS, xam nhap man tir bien Tay  VT10
kénh Rach Gia—Ha Tién .S = X
va cac khu vuyc triing phén
G¥ao gla Ak ¢nh Ha Giam sat CLN trén kénh do tac dong cia cac ving
Giang va kénh Rach A A e N 1A Al oa s
11 2. X ., NTTS, xam nhép méan tir bién Tay va cac khu vuc VT11
Gia-Ha Tién (cau Ha ~ X
- triing phén
Giang)
Giao cta kénh 10 Chau S A 1A [ oan A A x
12 Phii va kénh ranh An Q1am sat CLNA trén ke.nh do tac dong xam nhdp man VT12
. R tr Rach Gia dén Thoai Son
Giang—Kién Giang
Giaocuakénh TriTonva 0 4 C1N trén kénh do tac dong cta chua phén
13 kénh ranh An Giang— . . .x . AT VT13
A - va 0 nhiém tai khu vuc ranh Hon Pat va Tri Ton
Kién Giang
Giao cua kénh Tam S . . , R .
14 Ngan va kénh ranh An (jnamA sat CﬂLN trén k‘hu vuc giao cua 2 kénh do cac VT14
: s tac dong cua chua phén
Giang-Kién Giang
Giao gilra kénh T4 va Gidm sat CLN trén kénh phyc vu cho SXNN do tac
15 kénh ranh tinh An dong 6 nhiém tir bién gidi dén khu vuc Giang Thanh ~ VT15

Giang—Kién Giang va Tri Ton

Bing 2. Ky hiéu mau ctia cac khu vuc khao sat.

Khu vuc Ki hi¢u miu
Thuong ngudn séng Hau
Thuong ngudn séng Hau vao ving TGLX ¢ dau kénh Cai San MH1(N)-AP
Kénh Vinh Té
gflérrlléll;/grrllhg"if(i txt]rizc;)rll\lgagléu vao ving TGLX doan dau song, ngay khi vao NDI(N)-CD
Kénh Vinh Té doan gitra s6 1 ving giap ranh Can Tho ND2(N)-TB
Kénh Vinh Té doan vi tri cau sit Hitu Nghi ND3(N)-TB
Kénh Vinh Té giap Kién Giang ND4(N)-TT
Kénh Mic Can Dung
Kénh Mic Can Dung tiép giap kénh Bén Tong NDS(N)-CT
Kénh Mic Can dung tiép giap kénh Xang Ciy Duong ND9(N)-CT
Kénh Tdm Ngan
Kénh Tam Ngan doan dau NDI10(N)-TT
Kénh Tam Ngan doan gilra NDII(N)-TT
Kénh Tam Ngan doan cudi giap Kién Giang NDI2(N)-TT
Kénh Rach Gia—Long Xuyén giap Kién Giang
Diém dau kénh Rach Gia—Long Xuyén, tiép giap voi rach Long Xuyén NDI3(N)-LX
](—)jllleérzl é{;ug :(inll(léiﬁcohn(;é bLong Xuyén, tiep giap kénh Bon Tong, kénh ND14(N)-CT
Kénh Rach Gia—-Long Xuyén gidp Kién Giang ND15(N)-TS
Kénh 7 xa, kénh Xang, rach Muong Khai, kénh Xang Ca Mau va kénh Xang A-B
Kénh 7 xa NBb21(N)-TC
Kénh Xang Nb22(N)-TC
Rach Muong Khai ND23(N)-PT
Kénh Xéang Ca Mau giap kénh Pong Xut ND24(N)-CM

Kénh Xang A-B ND25(N)-CM
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2.3. Phuong phdp phén tich

Téng 180 miu nude duge mang di phan tich 13 thong sé gdbm: pH, Oxy hoa tan (DO),
BODs, COD, Téng chat rin lo liung (TSS), Clorua (CI7), Amoni (NH4* tinh theo N), Nitrite
(NO; " tinh theo N), Nitrate (NOs tinh theo N), Phosphat (PO4* tinh theo P), P6 min, Tong
st (Fers), Coliform Bateria tai hién truong va phong thi nghiém tuén tha theo cac phuong
phap quy dinh tai Thong tu 10/2021/TT-BTNMT k¥ thuét quan tric méi truong va quan ly
thong tin, dir liéu. Danh gi4 tai luong 6 nhiém theo Thong tu 76/2017/BTNMT va so sanh
v6i Quyét dinh 1460/QD-TCMT ciia Tong cuc Mbi trudng va QCVN 08:2015/TNMT.

2.4. Phuong phdp diéu tra, thu thip, cdp nhdt thong tin div liéu

Thu thép tai liéu lién quan dén ving nghién ctru tai tinh An Giang, Kién Giang va thanh
phé Cén Tho tai cac co quan chuyén mén v€ tai nguyén nudc dudi dat, cac co quan quan ly
tai dia phuong va moét s6 cac co quan lién quan.

S4 liéu mua va boc hoi cac tram khi tuong trong vung TGLX céc nam 2005, 2011 va
2016 duoc thu thap dé 1am tai liéu tinh toan cho mé hinh mua—dong chdy. Tai liéu myc nude
lru lugng duoc thu thap nham xay dung cac bién tinh toan (Rach Gia) hodc dé lam tai liéu
pbuc vu cho viéc hiéu chinh, kiém dinh mé hinh (Tri Ton, Xuan T6 ...). Céc tai liéu nay bao
gom:

- S6 lidu quan tric tai cac tram thuy van qudc gia va cac tram do ting cudng trong cic
nam 2005, 2011, 2016;

- 86 liéu do dac muc nudc & luu lugng va chét luong nude bod sung trai 30 vi tri vao
mua kiét 2016;

- S6 liéu do dac muc nuée & luu luong bo sung trai 24 vi tri vao mua 1 2016;

-S4 liéu myc nudce, luu luong trich tir mé hinh thuy luc cho toan PBSCL;

- S6 liéu luu lugng dau cac nhanh song, kénh ph?m 1anh thé Cambodia.

2.5. Phwong phap tinh todn chi sé chat heong miede.

Theo Quyét dinh sd 1460/QbD-TCMT ngay 12 thang 11 nam 2019: chi sO chat luong
nude cua Viét Nam (viét tat 1a VN— ~WQI) la chi s6 duoc tinh toan tu cac thong sO quan trac
chit lugng nude mat 6 Viét Nam, dung dé mo ta dinh lugng vé chat lwong nurdc va kha nang
str dung cta ngudn nudc do, duoc biéu dién qua mot thang diém [10- 13] Chi s6 chat lugng
nuoc dugc tinh theo thang diém (khoang gia tri WQI) tuong ung voi biéu tuong va cac mau
sdc dé danh gia chat luong nudc dap Gmg cho nhu cau sir dung (Bang 1).

Bang 3. Cac mirc VN-WQI va sy phu hgp véi muc dich st dung.

Khoing Chit lugng Phu hgp véi muc dich sir dung Mau sic Ma mau
gia tri nuwéc
WQl
91-100 RAt t6t Str dung tot cho muc dich cép nudc Xanh nudc bién 51:;51;255
sinh hoat
76-90 Tét Str dung cho muc dich cép nudc sinh 0;228:0
hoat nhung can cac bién phap xir Iy
phu hop
51-75 Trung binh Str dung cho muc dich tudi tiéu va Vang 255;255;0
cac muyc dich tuong duong khac
26-50 Kém Str dung cho giao thong thuy va cac Da cam 255;126;0
muc dich tuong duong khac
1025 O nhiém nang Nudc 6 nhidm ning, can cic bién 255;0;0
phap xu ly trong tuong lai
<10 Onhidmrat  Nu6c nhiém doc, can c6 bién phap 126;0;35

nang khic phuc, xir Iy
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2.4. Phwong phap wng dung mo hinh hoa

Ung dung m6 hinh MIKE 11 dé du bao chét luong nudc ving Tt gidc Long Xuyén, va
mo hinh MIKE NAM dé 1am diéu kién bién cho mé hinh MIKE 11, dy 1a 2 mé hinh kha
phd bién duogc sir dung cho viée tinh toan thuy luc va du bao két qua nudc théng qua nhidu
nghién ctru voi két qua tinh toan phit hop, co do tin cdy cao. Dé tinh toan dién bién chét luong
nude tir cac song chinh, tac gia da str dung phan mém mé hinh thuy luc Mike 11HD. Pay la
phan mém co xuét xir tir Dan Mach do DHI phat trién dudi dang thuong mai hoa, ¢6 nhiing
vu diém vuot troi di va dang duge ap dung rat rong rai & Viét Nam cho két qua dang tin cay
[14-21].

Trén co so phan tich, danh gia diéu kién ty nhién, khi twong thuy vin, kinh té—x4 hoi va
phuong hudng phét trién ciia ving, nghién ctru thyc hién cac ndi dung sau:

(1) Banh gia tai nguyén nudc mua, cac dac trung mua va ché d6 mua ving;

(2) Thiét 1ap mo6 hinh thuy van MIKE NAM két hop v6i mo hinh thuy lyc MIKE 11HD
dé xac dinh tong tiém ning nguon nuédc dén ving nghién ctru va céc tiéu ving.

Qua trinh tinh toan dugc thé hién nhu sau:

M6 phong mua Mo phong thg}/
. rao dong chay ) o lc voi dicu kién A
Tai liéu NAM (ké thira Tinh todn hiéu |, hién trang [, Fhan\
dia tir b m hinh chinh m6 hinh mua tich va
hinh, chav cho — dong chay NAM nhan
thiy PBSCL) va mo hinh thiiy xét két
van, luc chat lugng qua
bin nuée tinh
do... t04n
l M6 phong thuy
lye khi ¢6 cong
Mo phong trinh
thﬁy llIC > — Y
—> | MIKELL

Hinh 3. So db thuc hién tinh toan mé hinh hoa.
Két qua tinh toan chét luong nudc dugc két luan theo céc dang kich ban & Bang 3.

Bang 4. Cac kich ban tinh toan chit lugng nudc.

Tén kich ban Tinh chit Kich bin

Céc loai hinh xa thai trong tuwong lai c6 nha may xtr Iy nudc thai hodc dugc xir Iy nude
thai hop tiéu chuén va duoc van hanh ding quy trinh, luu lvong nude thai ting theo
quy hoach cac nganh. Nong do cac chit 6 nhiém trong nude thai cua cac loai hinh xa

Kich ban 1 thai dat tiéu chuan A nganh, nguén tiép nhén chiu sy tac dong cyc doan cua thuong
ngudn (Hién trang). Kich ban nay c6 su thay ddi co ban vé quy dinh cta chinh quyén,
thay d6i muc dich sir dung nudc, ctia khi hdu dan dén anh huong manh mé dong chay,
ddc biét 1a vao mua kho.

Céc loai hinh x4 thai trong tuong lai c6 nha may xt Iy nudc thai hodc duge xu Iy nudc
thai hop tiéu chuén va duoc van hanh dang quy trinh, luu lvong nude thai ting theo
quy hoach cic nganh. Nong do cac chat 6 nhiém trong nudc thai cia cac loai hinh xa
thai dat tiéu chuan A nganh, nguf“)n tiép nhan chiu sy tac dong cuc doan cua thugng
ngudn (thugng ngudn Mekong chiu anh huong cia BDKH va dép chua), luu luong
dong chay thuong ngudn song Mekong giam vé mua kho 20%. Kich ban nay cé su
thay ddi co ban vé quy dinh ctia chinh quyén, thay d6i muc dich sir dung nuée, ciia khi
hau din dén anh hudng manh mé& dong chay, dac biét 1a vao mua kho.

Kich ban 2
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Tén kich ban Tinh chat kich ban

Céc loai hinh x4 thai trong tuwong lai c6 nha may xtr Iy nudc thai hodc dugce xur Iy nude
thai hop tiéu chuan va dugc van hanh /dung quy cach, luu luong nude thai tang theo
quy hoach cic nganh. Nong do cac chit 6 nhiém trong nude thai cua cac loai hinh xa
thai dat tiéu chuan A nganh, nguén tiép nhén chiu sy tac dong cyc doan cua thuong

Kich Ban 3 ngudn (thuong ngudn Mekong chiu anh huong cia BPKH), luu lugng dong chay
thuong ngudn song Mekong duoc tinh theo kich ban BDKH cua Bo tai nguyén va Mo1
truong nam 2020. Kich ban nay c6 sy thay dbi co ban Ve quy dinh cta chinh quyén,
thay d6i muc dich st dung nuéc cua tat ca cac ngudn tiép nhan tng voi muc dich st
dung.

2.7. Phwong phdp thong ké, xir Iy sé liéu

Thong ké, tap hop sb liéu tir “Béo cdo hién trang mdi trudng” qua cac nim hay “Béo cdo
quan tric moi truong” de danh gia CLN trong thoi gian tinh toan. Phuong phap nay gitap
trinh bay, xtr 1y nhiing s6 liéu thuc té da thu thap dugc, sau do6 s€ rat ra nhimg nhén xét két
luan khoa hoc mét cach khach quan déi v6i nhimg van dé can nghién ctru.

2.8. Phuong phdp chuyén gia

Tham khao y kién cta cac chuyén gia trong linh vyc méi trudng va cac chuyén gia quan
1y nha nudc vé moi truong trén dia ban dé dé ra cac bién phap quan 1y ngudn nude mot cach
hiéu qua, nham bao vé bén viing tai nguyén nudc mit ving TGLX dap tng cho nhu cau phat
trién nong nghiép cua ving.

3. Két qua nghién ctru

3.1. Chdt lwong nudc séng Haiu

) Dién bién chit lugng nudc theo chi s6 WQI trung binh ndm giai doan 2018-2020 cho
thay chat lugng nudce mat tai cac khu vuc giam sat dugc thé hién trén Hinh 4.

3.1.1. Chat lugng nude khu vuc thuong ngudn séong Hau

Dién bién chét lugng nudc theo chi s6 WQI trung binh nam giai doan 2018—2020 cho
thy, chét lugng nudc mit tai vi tri thuong ngudn séng Hiu-MH1(N)-AP doan chay qua dia
phan tinh An Giang khong c6 nhiéu bién dong, déu & mirc ding cho muc dich tudi tiéu. Vi
vay, trong thoi gian tdi can phai tiép tuc theo ddi dé kip thoi canh bao dén ngudi dan, phai
tuy vao muc dich st dung ma c6 bién phap xtr Iy nude cho phu hgp (Hinh 4a).

3.1.2. Chét luong nudc kénh ndi dong TGLX

Dién bién chit lugng nudc mit kénh, rach noi dong theo chi s6 WQI trung binh nam giai
doan 2018-2020 dao dong tir mirc str dung cho giao thong thuy dén muc st dung cho muc
dich tudi tiéu, tot nhét tai vi tri dau kénh Xang Vinh Tre tiép giap v6i song Hau-ND5(N)—
CP va vi tri cubi rach Ong Chuong giap song Hau-ND20(N)-CM (d6ng muc sir dung cho
muc dich tudi tiéu ca 3 nam lién tiép), xdu nhat tai diém giita kénh Mac Cén dung tiép gidp
kénh Xang Cay Duong—NDI(N)-CT, vi tri cubi kénh Tam Ngan, tiép giap Kién Giang—
NDI12(N)-TT va kénh Xang Ca Mau giap kénh DPong Xut-ND24(N)-CM (dong murc st dung
cho giao thong thuy ca 3 nam lién tlep) Chét luong nudc tai cac vi tri quan tric co su bién
dong qua cac nam, chi tiét dugc thé hién nhu sau:

Chét luong nudc khu vice kénh Vinh Té: Dién bién chét lugng nudc theo chi sé WQI
trung binh nim giai doan 2018-2020 trén kénh Vinh Té dao dong tir muc sir dung cho giao
thong thuy dén muc st dung cho muc dich tudi tiéu, ngoai trir vi tri cau sat Hiru Nghi—
ND3(N)-TB c6 dién bién tét, cai thién tir mirc sir dung cho giao thong thity (ndm 2018 va
nam 2019) 1én murc str dung cho muc dich tudi ti€u (nam 2020), céc vi tri con lai déu c6 chat
lwong nudce theo chi sé WQI trung binh nam 2020 giam xudng mirc sir dung cho giao théng
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thity. Piéu nay cho thiy cht lugng nudce trén kénh Vinh Té chua dam bao t6t vé chit luong
nude cip cho sinh hoat theo quy chuan Viét Nam hién hanh. Do d¢, trong thoi gian t&i can
phai tiép tuc theo ddi dé kip thoi canh bao dén ngudi dan, phai tiiy vao myc dich st dung ma
c6 bién phap xur Iy nude cho phu hop (Hinh 4b).

WQI - Thwong nguon song Hau WOQI - Kénh Vinh Té
100 1 100 100 égﬁ Tot capnu‘uuSH
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v o el — 1 %0 -Gl ting iy
B 5 2 5oL
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Hinh 4. Dién bién WQI viing nghién ctru: a) Dién bién WQI tai vi tri thugng ngudn song Hau 2018—
2020; b) Dién bién WQI kénh Vinh Té 2018-2020; ¢) Dién bién WQI kénh Mic Can Dung 2018—
2020; d) Dién bién WQI kénh Tam Ngan 2018—2020; ¢) Dién bién WQI kénh Rach Gia—Long Xuyén
2018-2020; f) Dién bién WQI kénh 7 x4, kénh Xang, rach Muong Khai, kénh Xang Ca Mau va kénh
Xang A-B 2018-2020.

Chét lwong nude khu vue kénh Mic Can Dung: Dién bién chét luong nudc theo chi sd
WQI trung binh nim giai doan 2018-2020 trén kénh Mic Can Dung dao dong tir mirc sir
dung cho giao thong thuy dén muc st dung cho muc dich tudi tiéu. Tai dau kénh Mic Can
Dung tiép giap kénh Bén Tong—NDS(N) —CT, chat lugng nudc giam tir mirc str dung cho muc
dich tudi ti€u (nam 2018) xudéng murc s dung cho giao thong thuy (nam 2019 va nam 2020).
Tai diém giita kénh Mic Can dung tiép giap kénh Xang Cay Duong-Nb9(N)-CT, chat luong
nuédc ddong muc st dung cho giao théng thuy qua 3 nam lién tiép. Piéu nay cho thay chat
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lwong nudc chua dam bao tot cho sinh hoat, do vay trong thoi gian tdi can phai tiép tuc theo
ddi dé kip thoi canh bao dén ngudi dan, phai tiy vao muc dich st dung ma cé bién phép xir
1y nudce cho phu hop (Hinh 4c).

Chét luong nudce khu vue kénh Tam Ngan: Dién bién chit lvong nude theo chi s6 WQI
trung binh nam giai doan 2018-2020 trén kénh Tam Ngan dao dong tir mirc str dung cho giao
thong thity dén mirc sir dung cho muc dich tudi tiéu. Tai cudi kénh Tam Ngan, tiép giap Kién
Giang-NDI12(N)-TT, chat luong nude dong muc su dung cho giao thong thuy qua 3 nam
lién tiép. Tai cac vj tri quan tric con lai, chat lvong nudc giam tir mire str dung cho muc dich
tudi tiéu (nam 2018) xudng murc sir dung cho giao thong thiy (nam 2019 va nam 2020). Dién
bién chat lvong nudc trén kénh Tam Ngan cho thiy nude chua dam bao tdt cho sinh hoat, do
vay trong thoi gian téi can phai tiép tuc theo ddi dé kip thoi canh bao dén nguoi dan, phai
tuy vao myc dich s dung ma c6 bién phap xur ly nude cho phu hop (Hinh 4d).

Chat lwong nuée khu vue kénh Rach Gia—Long Xuyén: Dién bién chit lugng nudc theo
chi s6 WQI trung binh nim giai doan 2018-2020 trén kénh Rach Gid—Long Xuyén dao dong
tir muc st dung cho giao thong thuy dén mure sir dung cho muc dich tudi tiéu. Tét nhét tai
diém dau kénh Rach Gia—Long Xuyén, tiép giap v6i rach Long Xuyén—ND13(N)-LX, chat
lugng nudce cai thién tir mire st dung cho giao thong thiy (ndm 2018 va nam 2019) 1én murc
st dung cho muc dich tuéi tiéu (ndm 2020). Tai diém gitra kénh Rach Gid—Long Xuyén, tiép
giap kénh Bon Tong, kénh Chic Ca Pao, kénh Ong Co-ND14(N)-CT, chét lugng nudc giam
tir mire st dung cho muyc dich tuoi tiéu (ndm 2018 va nam 2019) xudng muc st dung cho
giao thong thuy (nam 2020). Tai vi tri cudi kénh Rach Gia—Long Xuyén, tiép giap véi Kién
Giang-ND15(N)-TS, chét lwong nudc cai thién tir mirc st dung cho giao thong thiy (ndm
2018) 1én mirc st dung cho muc dich tudi tiéu (nam 2019) sau d6 giam xudng mic sir dung
cho giao thong thity (ndm 2020). Qua d6 cho thay chét lwong nude trén kénh Rach Gia—Long
Xuyén chua dam bao tbt cho sinh hoat, do vy trong thoi gian tdi can phai tiép tuc theo dai
dé kip thoi canh bao dén nguoi dan, phai tuy vao muc dich st dung ma c6 bién phap xu ly
nudce cho phu hop (nam 2020).

Chat luong nude khu vuc kénh 7 x4, kénh Xang, rach Muong Khai, kénh Xang Ca Mau
va kénh Xang A-B: Dién bién chat luong nudc theo chi s6 WQI trung binh nim giai doan
2018-2020 trén kénh 7 Xa, kénh Xang, rach Muong Khai, kénh Xang Ca Mau gidp kénh
Pong Xut va kénh Xang A-B (Hinh 4f) nhu sau: Tai kénh 7 xi-ND21(N)-TC chat luong
nudce cai thién tor mic si dung cho giao thong thiy (ndm 2018) 1én murc st dung cho muc
dich tudi tidu (nim 2019, ndm 2020); Tai kénh Xang—ND22(N)-TC chat luong nudc giam
tir mirc str dung cho muc dich tuéi tiéu (nim 2018, nam 2019) xuéng mirc st dung cho giao
thong thiy (ndm 2020); Tai rach Muong Khai-ND23(N)-PT chét lugng nudc cai thién tur
miurc su dung cho giao thong thuy (ndm 2018, nam 2019) Ién muc st dung cho muc dich tuoi
tiéu (nam 2020); Tai kénh Xang Ca Mau giap kénh Pong Xat-ND24(N)-CM chat luong
nudce ddong mire st dung cho giao thong thiy; Tai kénh Xang A-B-ND25(N)-CM chét luong
nuoc cai thién tir mace s dung cho giao thong thuy (ndm 2018) 1én mure str dung cho muyc
dich tudi ti€u (ndm 2019), sau do giam xu6éng mirc mure sir dung cho giao thong thuy (nam
2020). Diéu nay cho thay chat lugng nudc chua dam bao tot cho sinh hoat, canh bao dén
nguoi dan phai tuy vao myc dich stt dung ma c6 bién phap xur Iy nude cho phu hop.

Trong qué trinh khao sat diéu tra ldy mau nghién ctru, tinh toan chi s6 WQI theo Quyét
dinh sb 1460—-Qb/TCMT; trong do, viéc phan tich cac chi tiéu thudc trir sdu hau nhu khong
phat hién tai thoi diém nghién ciu.

3.2. Két qua iing dung mé hinh danh gid chdt lwong nwée ving nghién ciru

bic diém ty nhién luu vue TGLX 1a mot phén cia PBSCL nén chiu tdc dong chinh tur
dong chay thuong ngudn bién gidi (song Giang Thanh, song Mékong) va phia dudi ha luu
chiu tdc dong cua myc nudce triéu ngoai bien Tay.
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Bién luu lugng gém céc bién luu vuc tinh toan tir md hinh NAM ké thira tir bd mo hinh
Nam chay cho PBSCL do Vién Khoa hoc thuy lgi thuc hién) (Hinh 5).

Bién muc nudc dugc sir dung tir bién myc nude triéu Rach Gia, Ha Tién.

Bién chit luong nudc duge xac dinh dya vao cac mau phan tich thu thap duoc cé vi tri
gan bién tinh toan vao mua kho nim 2016.

Bién ciia mo hinh: trong $6 39 vj tri nay co 8 diém 1a céac bién luu luong, 31 vi tri con lai
la bién muc nudc.

wving TGLX
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Hinh 5. So db thity luc viing TGLX.

- Luu luong nhanh Bassac tai vi tri KhoKhel (Cambodia) duoc trich tir két qua tinh toan
14 cho toan khu vuc ha luu song Mekong;

- Luu lugng tai diém dau cac nhanh song trén lanh thd Cambodia;

- Muc nude song Hau tai vi tri sau doan giao voi kénh Cai San: trich tr md hinh toan
ddng bang;

- Luu luong tai diém dau kénh Tan Chau—Chau Pdc (giap song Tién);

- Muc nudc tai cac tram Vam Nao va Rach Gia.

Cong trinh: M6 hinh dugc xay dung bao gém céc cng kiém soat lii/man Tay; Dap cao
su Tha La & Tra Su; Tran Xuan To;

Viéc hi¢u chinh chat lugng nudc dugc dya trén s6 lidu iy mau va phan tich thang 3 nim
2016, két qua mo phong so sanh voi gid tri thue do cho thiy do chénh 1éch khong nhiéu c6
thé chép nhan duge. Dién bién chét lugng nudc cling duoc thé hién theo sy bién dong cua
dong triéu ngoai bién, giao thong cua ghe thuyén trén cac ngudn nudc tac dong gap nhiéu
kho khan do qua trinh trao d6i chat trong méi truong nudc trong mua kho 1a rat phic tap.
Tuy nhién két qua mé hinh dwa ra ciing kha tuong quan so voi gia tri do dac, do vay co thé
st dung mo hinh dé tinh toan cac kich ban. Két qua hiéu chinh va kiém dinh mé hinh vung
TGLX cho thay mé hinh phan anh phu hop ché d6 dong chay va tac dong cta van hanh hé
thong cong trinh trong ving TGLX Ién ché d¢ dong chay. Minh ching théng qua so sanh
tinh toan va thuc do cua cac yéu té muc nude va luu luong cac tram trén dong chinh va noi
ving TGLX, chénh léch giita muc nuéc tinh toan va thuc do nam trong giéi han cho phép,
do d6 ¢ thé dung b thdng s6 cua mo hinh dé tinh toan mé phong thay luc khu vuc nghién
ctru. Didu nay cho thiy bd thong s cia mo hinh 1a phi hop va c¢é thé sir dung dé mé phong
cac kich ban tinh toan.
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Hi¢u chinh md hinh thuy lyc: Budc thoi gian tinh toan At = 1 phut. Viéc xac dinh khoang
thoi gian At dugc 1am so bd dong thoi véi qua trinh chay théng mé hinh. M6 hinh tinh toan
d6 Iya chon khoang thoi gian At khac nhau (20s, 1 phat, 5 phat) nhan thay véi At = 20 s mo
hinh chay 6n dinh nhung mét nhiéu thoi gian, 5 phut thi mé hinh chay khong 6n dinh. Sau
khi thir v6i budce thoi gian At = 1 phat thi mé hinh chay 6n dinh hon nén Iya chon budc thoi
gian nay dé tinh toan 13 hop 1y. Hé s6 nhdam theo Manning (m) dwoc phén ra nhiéu doan song
khéc nhau thugng luu c6 hé s6 nham cao hon ha luu va c6 xét dén su thay ddi ctia nham long
va nham bai, dao dong trong khoang tir 0,022+0,032.

Két qua dé xuat danh gi4 tai diém nam trén kénh Rach Gid—Long Xuyén iy nudc tir
song Tién qua 2 tinh An Giang va Kién Giang va d6 ra ctia bién Tp. Rach Gia, Kién Giang
(Hinh 6).
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Hinh 6. Vi tri xuat két qua mé hinh.

3.2.1. Két qua tinh toan theo kich ban 1

Trong trudong hop hién trang tmg véi diéu kién xa thai tinh toan theo cac linh vuc thi
néng dd cac chat trong moi truong nude phu thudce chinh vao diéu kién khi hau tai vung. Vao
nam 2025 la nam c6 dong chay trén luu vec TGLX la trung binh so v&i cac nam khao sat va
mua ki€t trong nam 2025 vao thoi diém thang 4. Bén canh do dac thu vung sinh hoat tap
quan, ngudi dan séng cap bo séng, kénh cong voi mat do giao thong thily cua thuyén ghe
dién ra lién tuc nén chi s6 chit luong nudce trong séng ciing thay doi kha nhiéu va phirc tap.

Mua kiét ndm 2025 c6 thoi gian kéo dai toi dau thang 5 do d6 véi luu luong tir phia
thuong luu chay xubng dudi ha luu ting dan da tic dong 16n téi chat lugng nude trong song,
kénh khi lugng thai d6 ra song khong dugc hoa tan va 1am sach nén ndng d6 ting dan theo
thoi gian, voi néng dd cac chat dat gia tri 16n nhét vao khoang cudi thang 5 nhu néng do TSS
dat 56,78 mg/l, BODs dat 5,73 mg/l, COD dat 5,73 mg/l, ndng d6 Tong N dat 1,97 mg/l, ndng
do Téng P dat 0,332 mg/l. Nhung sau khi xuét hién mua bit dau vao thoi ki mua I, luu lugng
tang 1én 1am thay doi ndng do trong song, kénh.

Xét trong diéu kién hién trang v6i ché do dong chay nam 2011 c¢6 thé thdy chat luong
nudc trong song c6 sy thay d6i kha 1on. Vi nam 2011 thoi gian mua kiét két thiic som hon
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s0 voi nam 2016 nén chat lugng nudce trong séng c6 sy thay dbi kha 16n. Dua véao két qua mo
hinh héa di phan tich, ndng do cic chat ndm 2016 va 2011 c6 thé thdy ché do dong chay tac
dong kha 16n t6i chat lugng nude trong song, nam 2016 mua kiét kéo dai kém theo d6 1a luu
lwong dong chay nho da 1am ting ndng do chit lugng nudc trong sdng va thoi ki mua kiét
kéo dai ciing 1am ting ndng do cac chat theo thoi gian.

3.2.2. Két qua theo tinh toan kich ban 2

Trong kich ban nay véi diéu kién ché d6 dong chay nam 2016 la khi chwa xay dung cong
trinh kem theo tai lugng db ra song tuong ing v6i ndm 2025 trong twong lai, khi diéu kién
twong lai dan s6 tang 1én cung vdi viée kinh té phat trién da lam cho lwong thai ra méi truong
ting cao qua d6 ndng d6 cac chat trong song ciing tang dan lén.

Nong d6 TSS trong tuong lai cling tang 1én nhu d6i vai cac chi sé chat lugng nude khéc,
ung voi KB2 thi nong do TSS tai vi tri cong trinh dat khoang 33,68 mg/l va tang khoang
15,3% so véi hién trang.

Tai vi tri cong trinh, ndng do cac chat nhu BOD cao nhit dat khoang 6.81mg/l va ting
khoang 18,8% so véi ndng do hién trang.

Nong d6 Tong N tai khu vuc xdy dung cong trinh trong diéu kién twong lai ciing ting
1én dang ké so v6i hién trang khi chua xay dung cong trinh, gia tri noéng d6 Tong N dat
khoang 2,26 mg/l tang so voi nong do hién trang khoang 14,7%.

Tuong ty nhu ndng d6 Tong N, nong d6 Tong P trong diéu kién tuong lai tai vi tri cong
trinh cling tang kha cao so véi thoi dlem hién trang, vdi nong do trong song dat khoang 0,395
mg/l ting khoang hon 19% so véi ndng do hién nay.

3.2.3. Két qua theo tinh toan kich ban 3

Khi xay dung cong trinh cong phia dudi ha luu dé ‘ngan man lai, da tdc dong toi ché do
dong chay trong song va ndng do cac chat clng bién ddi theo qua trinh dién bién dong chay
nay. Ché do dong chay tai khu vuc sau cong vé phia thuong luu khi cong dong vao mua kiét
ngan man s& khong bi tic dong bai ché do thuy triéu ngoai bién tac dong 1én thuong luu.

Nong do BOD tai vi tri thuong luu cong do chiu anh huong chinh tir dong chay thuong
Iwu d6 vé don t6i cira cdng qua d6 1am cho ndng d6 ting 1én tai vi tri cong va ting cao hon
so vO1 hién trang trong ca li¢t tai liéu mua kigét.

Theo nhu dién bién qué trinh ndng do BOD, c6 thé thay rang khi xdy dung cong trinh
céng ngin min da tac dong téi ché d6 dong chay va lam cho néng d6 BOD phia thugng luu
cong tang cao hon so vo1 hién trang khoang 9,996 mg/l, dién bién nong do BOD phia thuong
lru do khong bi tac dong boi ché do thuy triéu nén bién do dao dong khong 16n va néng do
bi tang dan theo thoi gian dong cong. Mit khac phia ha luu cong bién do vé ndng d6 BOD
cling thu hep lai so v6i truong hop hién trang do cong dong lai va van hanh ctra van trong
thoi doan mua kiét, phia sau cong d6 ra bién nhu 1 kénh cut nén nong do tai vi tri sau cong
ciing tang lén dang ke.

Khi déng cbng thi vi tri khu vuc trude cong vé phia thuong luu tré thanh nhu mot hd
chira do d6 lwong nudc d6 vé 1am cho céac chit trong nudc lang lai, do do chi s0 TSS tai vi
tri cong trinh phia thuong luu bi giam di dan trong qué trinh dong cong, véi kich ban 3 thi
chi s0 TSS giam xuong con khoang 24 mgl/l.

Phia ha luu sau cong vé phia bién thi ndng d6 TSS ciing twong ty nhu ndng d6 BOD do
bi tdc dong bdi cong trinh cong nén bién do BOD bi co hep hon so vdi khi chua xdy dung
cong trinh.

Xét chi tiéu Tong P tai vi tri cong trinh khi xdy dung cong va khi van hanh dong cong
ca mua kho thi néng do tai vi tri thuong luu céng ting 1én khoang 0,425 mg/l va theo dién
bién qua trinh ndng d9 tai vi tri nay ciing ting dan theo thoi gian va bién d¢ dao dong khong
bi tac dong bai dong triéu nén hep hon so véi kich ban 1.



Tap chi Khi tong Thiiy van 2022, 742, 39-54; doi:10.36335/VNJHM.2022(742).39-54 51
3.3. PBé xudt cdc gidi phdp co ban bdo vé nguon nude hiéu qua

Tur két qua tinh toan cua 3 kich ban, bai bao dé xuat mot sb giai phap cip thiét va co ban
nhit dé bao vé ngudn nudc cu thé phu hop nhur sau:

- Tang cuong quan tric, du bao dién bién chit luong moéi truong, xac dinh kip thoi cac
van dé méi truong trén luu vuce song. Kiém soat 6 nhiém ngudn thai ¢b dinh chit thai chin
nudi, chit thai sinh hoat va hoat dong cong nghiép. Day manh cac hoat dong nghién clru, ing
dung va chuyén giao cong nghé vé xir Iy 6 nhidm, khic phuc - suy thoai va sy ¢6 mdi truong,
trong d6 tap trung cho viéc ngan chin, han ché va xtr Iy 6 nhiém moi truong tai cac khu chin
nudi, khu cong nghiép/ cum cong nghiép, khu dan cu, khu xir 1y chét thai tap trung. Day
manh tmg dung cac giai phap k¥ thuat nham hoan thién hé thdng tiéu thoat nudc mua va thu
gom, xu ly nudce thai sinh hoat. Nao vét, cai tao cac kénh, rach bi 6 nhiém nang trong vung
nghién ctru.

- Hién nay, hé théng cac cong trinh quan ly nude ving TGLX tuong d6i hoan chinh. Tuy
nhién, theo Quy hoach tong thé DPBSCL trong dleu kién BDKH va nudc bién dang, dé quan
1y va chia sé ngudn nudc trong vung, dia phuong can phai thyc hién thém cac giai phap cong
trinh can ctr vao tinh hinh thyc té theo timg giai doan phat trién. Cong tac xay dung hé thong
cac cong trinh thuy loi can ton trong quy luat thuy van, khong gy can trg dong chay dé dong
chay, phu sa, ngudn lgi thiy sén lién thong. Dong thoi, tang cuong xay dung, rng dung cong
nghé phu hop, van hanh c6 hiéu qua cac hé thdng thu gom xir Iy nudc thai cong nghiép, dich
vu, sinh hoat nham kiém soat ngué)n phat thai 6 nhiém, bao vé moi truong dap ung céc yéu
cau tiéu chuan xanh trong phét trién cac nganh san xuat, quy hoach khu dan cu d6 thi cta
vung.

- Tuyén truyén, van dong va pho bién ndi dung cac vin ban vé bao vé méi truong luu
vuc séng, ting cudng cong tac nang cao nhén thirc cong ddng trong bao vé ngudn nudc. Pay
manh x3a hoi hdéa cong tac bao v€ moi truong. Hoan thi€n bo may quan ly moi truong nude
mat tr cép tinh dén Cép co so, dao tao, tap huén nang cao trinh d§ chuyén mon, nghiép vu
cho doi ngii can bd quan 1y moi truong & cdp co sé. C6 su phan cong trach nhiém rd rang
giita cac cap, cac nganh.

Dé xuat mot sd bién phap giam thiéu 6 nhiém méi trudng nude ving nghién ciru:

- Nhom gidi phap cong trinh: (1) Thu gom va xur ly nudce thai tai cac khu cong nghiép,
nudc thai sinh hoat, nuéc thai chan nuéi; (i) Van hanh hé théng cong trinh ngin man.

- Nhom giai phap phi cong trinh: (1) Giai phap vé nang cao nhan thirc cong ddng trong
bao vé ngudn nudc; (ii) Giai phap nang cao vai trd, hiéu qua va ning luc quan 1y cia co quan
quan ly dia phuong; (iii) Pay manh xa hoi hoa cong tac bao vé méi truong; (iv) Kiém soat
ngudn phat thai 6 nhiém.

4. Két luan

Két qua danh gia dién bién chét luong nudc theo chi s6 WQI ctia ving nghién ctru da
cho thay chat lugng nude tai khu vuc quan trac ¢6 ham luong cin lo limg cao, do pH phia
thuong ngudn thip, ngudn nude cd dau hiéu bi 6 nhiém vi sinh (Coliform Bacteria). Chat
lwong nuéc ving TGLX duogc danh gia trung binh theo thang do mau. Tuy nhién c6 mot s6
khu vuc c6 chét lugng x4u (mau da cam) tai mot s6 thoi diém trong nam. Cy thé khu vuc
kénh Vinh K&, kénh Mic Can Dung, Kénh Tam Ngan, Rach Gia—Long Xuyén va kénh 7 xa,
kénh Xang, rach Muong Khai, kénh Xang Ca Mau va kénh Xang A-B déu co chat luong
nude xau di trong nam 2020. Pé ¢o thé sir dung vao nhitng phuc vu muc dich sinh hoat thi
can phai 4p dung cac bién phéap xir 1y phu hop.

Mo phong chit lwong nude mua kiét nam 2025 (Kich ban 1) thoi gian dau thang 5 do do
v6i luu Iugng tir phia thuong luu chay xudng dudi ha luu ting dan di tac dong 16n t6i chat
luong nude trong song, kénh khi lugng thai do6 ra song khong dugc hoa tan va lam sach nén
nong do ting dan theo thoi gian, véi ndng do cac chét cao; TSS: 56,78 mg/l, BOD5: 5,73
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mg/l, COD: 5,73 mg/l, Téng N: 1,97 mg/l, Tong P: 0,332 mg/l. Nhung khi xuat hién mua bat
dau vao thoi ki mua Id, luu luong ting 18n 1am thay d6i ham luong chét hitu co ciing nhu cac
chi tiéu hoa 1y c6 xu thé giam. Nghién ctru chi ra khi so sanh vé6i cac nam 2011 va 2016 ¢
thé thiy ché d6 dong chay tac dong khé 16n t&i chat luong nude trong song, ndm 2016 mua
kiét kéo dai kém theo d6 1a luu lugng dong chay nho da lam tang nong d6 chat lugng nudce
trong song va thoi ki mua kiét kéo dai ciing lam ting ndng do cac chat 6 nhiém theo thoi
gian. Tai kich ban 2, v6i diéu kién ché d6 dong chay nam 2016 va khi chua xay dung céc
cong trinh thuy loi, kém theo tai lugng db ra song tuong Ung voi nam 2025 va trong tuong
lai, khi dan s6 tang 1én cung v6i viée kinh té phat trién da lam cho luong thai ra moi truong
tang cao qua do nong do cac chét trong song ciing ting dan 1én. Nong do TSS tng véi KB2
thi ndng do TSS: 33,68 mg/l, tang khoang 15,3% so v6i hién trang. Vo1 kich ban 3, khi xay
dung cong trinh cdng ngin min da tac dong téi ché do dong chay va lam cho ndéng d6 BOD
tang cao hon so v&i hién trang khoang 9,996 mg/1, dién bién ndng d6 BOD phia thuong luu
do khong bi tac dong boi ché do thuy ridu nén bién do giao dong khong 16n va ndng do bi
tang dan theo thoi gian dong cdng. Mt khac phia ha luu ndng d6 BOD ciing giam dan so véi
truong hop hién trang khi cong dong lai va van hanh cura van trong thoi doan mua kiét, phla
sau cong d6 ra bién nhu mot kénh cut nén néng do cac thong sé6 TSS, BODs tai vi tri sau cong
ciing tang 1én dang ké.

Pong gop cua tac gia: Xay dung y tudng nghién cuu: H.P., N.L.N.T.; Lua chon phuong
phap nghién ciru: H.P., N.L.N.T.; Xir Iy s6 liéu: H.P., NL.N.T., H-T.N.H., T.T.M.H.; Phan
tich mau: H.P., N.L.N.T.; Ldy mau: H.P., T.T.M.H.; Viét ban thao bai bao: H.P., N.LN.T.;
Chinh stra bai bao: H.P., HT.N.H., T.T.M.H.

Loi cdm on: Nghién ctru nay dugc thyc hién dudi sy tai tro cua du an nghién ctru Vién Phat
trien Cong ngh¢ Moi truong va Tai nguyén nudec Phu My.

Loi cam doan: Céc tac gia dam bdo rang bai viét nay la cong trinh cua cac tac gia, chua dugc
xuat ban & noi khac, khong dugc sao chép tir nghién ctru trude do; khong coé xung dot 1oi ich
trong nhom tac gia.
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Application WQI Index and of MIKE 11 model to evaluate
surface water quality in the Long Xuyen Quadrangle

Huynh Phu?, Nguyen Ly Ngoc Thao'*, Huynh Thi Ngoc Han?, Tran Thi Minh Ha3
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$Tay Nguyen University; ttmha@ttn.edu.vn

Abstract: This study used the MIKE 11 model combined with the WQI index to assess the
changes in surface water quality in the Long Xuyen Quadrangle. The results show that the
best water quality evolution is at the beginning of Xang Vinh Tre canal adjacent to Hau
river—ND5(N)—CP and at the end of Ong Chuong canal adjacent to Hau river-ND20(N)—
CM at the same level. used for irrigation purposes for 3 consecutive years), the worst is at
the middle point of the Mac Can Dung canal adjacent to Xang Cay Duong canal-ND9(N)-
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CT, at the end of Tam Ngan canal, adjacent to Kien Giang—ND12 (N)-TT and Xang Ca
Mau canal adjacent to Dong Xut-ND24(N)-CM canal. Water quality simulation under
scenario 1, high concentration of substances; TSS: 56.78 mg/l, BODs: 5.73 mg/l, COD: 5.73
mg/l, Total N:1.97 mg/l, Total P: 0.332 mg/l in dry season. In scenario 2, when the
population increases and the economy develops, TSS concentration: 33.68 mg/l, an increase
of about 15.3% compared to the current situation. If according to scenario 3, when
constructing the sluice gate to prevent saline intrusion, it affects the flow regime and causes
the BOD concentration to increase higher than the current situation by about 9.966 mg/I, the
evolution of BOD concentration upstream is due to is not affected by the tidal regime, so
the fluctuation amplitude is not large and the concentration is gradually increased with the
time of closing the sluice.

Keywords: Long Xuyen Quadrangle; Mekong Delta; Surface water sources; MIKE 11;
WQL.
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Tém tit: Thong thuong luong dau sot lai trong mo sau giai doan bom ép nudc 14 rat 16m,
nhat 1a hoat dong khai thac & mo Rong Pen, bé Ciru Long. Mot phan dang ké lugng dau sét
nay co thé dugc thu hoi, dat hiéu qua kinh té bang cach sir dung bom ép khi CO, va nudc
luan phién (WAG). Str dung bom ép WAG trong phong thi nghiém cho thay ap suat tron
1an t6i thiéu ctia khi CO, & khoang 2950 psi. Thi nghiém bom ép mau 151 bang phuong phap
WAG cho két qua rat ddng chu ¥, hé s6 thu hoi cta thi nghiém WAG trude khi bom ép nudc
thir cdp 1a 88,6%. Luong thu hdi ciia bom ép nudc thir cap dat 68,6%, bom ép WAG sau
bom ép nude, thu hdi thém 17,9%. Két qua cho thay hé sé thu hdi dau cia WAG trude khi
bom ép nudc 16n hon tong hé sé thu hdi ciia bom ép nude va bom ép WAG sau khi bom ép
nuéc 14 2,1%, cho thy viéc ap dung WAG trudce khi bom ép nude dat hiéu qua hon sau khi
bom ép nudc thir cdp va WAG tam cap.

Tir khéa: Bom ép khi nuc luan phién; Hé s6 thu hoi dau; Ap suat tron 1an t0i thiéu; khi
COg; Bé Ctru Long.

1. Giéi thi¢u

Ké tir nam 1957, du 4n bom ép khi bang phuong phap WAG dau tién dugc ap dung tai
Canada va ap dung pho bién dén nay béi vi hiéu suat thu hoi dau dugc cai thién dang ké. Két
quéa bao céo cho rang 80% cac duy an WAG ¢ Hoa Ky ¢6 dat hiéu qua kinh té [1]. Trong 59
mo, ap dung phuong phap WAG cho thiy cai thién hé s6 thu hoi dau trung binh tir 5% dén
10% trir lugng dau tai chd [2]. Hé s6 thu hoi dau trung binh ctia phuong phap WAG tron 1an
va khong thé tron 1an duoc tinh toan tuong g 12 9,7% va 6,4% OOIP. Sir dung khi CO2 cho
két qua hé sb thu hoi dau duoc cai thién hon so vo1 khi d6ng hanh [3]. Hé s thu hoi dau tang
1én duoc cho 1a do c6 sy cai thién hiéu suat day cua bom ¢p khi, tang cuong hiéu suét quét
bang bom ép nudc va sy trao (101 thanh phan giita khi voi dau. O vang Bién Bic, phuong
phap WAG lam cai thién hé s thu hoi théng qua tiép xtc véi nhitng d6i khong quét duoc
cua via [4].

O Viét Nam, phan 16n san luong dau hién tai dugc khai thac tir cac mo sap can kiét, mirc
d6 bo sung trit lwong tir cic mé moi dang trén da giam manh [5]. Viéc gia tang hé s6 thu hoi
dau tir cac mo d khai thac trong thoi gian dai dang la van dé cap bach dbi cac cdng ty khai
thac dau khi. Pung trude nhu cau tiéu thu dau khi gia ting nhanh chong, mot sé6 mo dau 16n
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da khai thac 1au ndm can nghién ctru tim cac phuong phap méi nham gia tang thu hdi dau
s6t. Hé s6 thu hdi dau trung binh ¢ cac moé bé Ciru Long vao khoang 18-25% trit luong dau
tai chd. Nhu vay, luong déu con lai chiém kha nhiéu trong via la d6i tuong tiém nang cho
cac giai phap nang cao h¢ s6 thu hdi dau.

Mic dui ¢6 rat nhiéu van liéu nghién ctru vé thu hdi dau ting cuong nhung dén nay nhiing
du an dugc tng dung vao thuc té con han ché. Viéc gia ting thu hdi dau phu thudc rat nhiéu
vao diéu kién cu thé dic tinh ly hoa ciia timg mo [6]. Nghién ctru giai phap thu hoi dau ting
cudng bang bom ép khi CO; trong tang mong granit nirt né tu nhién ctia mé Su Tt Pen, két
qua cho thdy, khi CO, di vao than dau méng mé Su T Pen trong diéu kién ap suit trén MMP
1a 3950 psi sé& tao co ché tron 13n va luong dau thu hoi ting thém khoang 6,2-13,1% OIIP
[7].

Dénh gia hiéu qua thu hdi dau bang bom ép khi trén miu 15i; sau d6 mo hinh hoa trén
phan mém mo phong khai thac bom ép WAG cho tang chira cat két Mioxen ha toan moé Bach
H6 [8]. Két qua nghién ctru trong phong thi nghiém cho thiy, ap suét tron 13n toi thiéu (MMP)
cua khi déng hanh véi dau trong téng cat két Mioxen ha, mé Bach Ho 1a 5076 psi, ap Suat
tron 1an t6i thiéu co thé giam xudng bang cach tron 1an khi thap ap va khi dong hanh vai ti 16
tuong thich. Pong thoi, st dung WAG trude khi bom ép nudce ¢ thé thu hdi khoang 70,5
80,2% luong dau trong mau I3i, trong IGc bom ép nude chi dat hidu qua thu hdi khoang 55,5—
60,5%. Str dung WAG tai thoi diém sau bom ép nudc sé& tan thu thém duoc tir 15,9-17,8%.

Mo Rang Pong bat dau khai thac sir dung WAG 1am gia ting luong thu hdi dau vao
khoang 7 tri¢u thing trong giai doan khai thac 2011-2020, twong dwong v&i tong thu hdi ting
thém khoang 2% [9]. Xac dinh gia tri MMP ctia khi dong hanh trong phong thi nghiém vao
khoang 4800 psi.

Cin ct theo tiéu chuan cua Taber [6] vé diéu kién via va hién trang khai théc tai tﬁng
chira Miocen dudi moé Rong Pen, bé Ctru Long nhan thay rang cac phuong phép polymer,
hoa chat va chat hoat dong bé mit déu khong phit hop. Do tang chira Miocen dudi mé Rong
Den c6 nhiét d¢ via cao 196°F (91°C), hai phuong phap polymer va chat hoat dong bé mit bi
giéi han vé nhiét do, hop chit polymer va chat hoat dong bé mat s& bi phan ra khi gap nhiét
d6 cao. Mic khac, phuong phap polymer rat kho ap dung v6i da thanh hé c6 do tham kém,
do céc hat polymer khé tham nhap vao kénh réng nho va sé chén lip nhimng kénh rdng nay
lam giam hiéu qua cua phuong phap. Do do, phuong phap bom ¢p khi nudc luan phién voi
chit hoa ly cling nhu ap suét tron 1an t6i thiéu phu hop véi diéu kién dic tinh via. Phuong
phap c6 thé ap dung trén via c6 nhiét do cao, dd thAm trung binh.

2. Phuong phap tiép can thi nghiém

Muc dich 1a x4c dinh d§ truong né cta dau khi bom ép CO2 lam cdi thién d¢ nhdt va lam
dau linh dong hon [10]. Bén canh do, thuc hién thi nghiém ap suét tron 13n t6i thiéu nham
muc dich tim 4p suat nhé nhat dé hién twong trdn 1an xay ra dé tang hé s6 thu hdi cao nhat
[11]. Thi nghiém WAG kiém tra sy cai thién trong thu hoi dau c6 thé xac dinh dugc tai phong
thi nghiém. H¢ s6 thu hoi dau theo thoi gian dugc thé hién trén dd thj dé quan sat t6t hon vé
xu huéng thu hoi dau.

2.1. Thi nghiém xdc dinh dp sudt trén lan t6i thiéu

2.1.1. Cong tac chuén bi

Mﬁu 15i khoan duoc 14y tai téng da chira Miocen dudi mo Rong Pen, sau d6 duoc khoan
cat mau dung chuan, thi ghép mau thanh hinh try dai dai dién cho via duoc ap dung bom ¢p.
D6 rong va do tham ciia mau 16i X duoc do trén thiét bi UltraPore va CMS 300 cua My trong
phong thi nghiém co 1y dat da. Dir liéu mau 16i (Bang 1) va mau chét luu dau (Bang 2) duoc
thu thép phéan tich trong phong thi nghiém nhu sau:
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Bang 1. Thong s6 mau 15i X. Bang 2. Dic tinh chat luu don pha tai 91°C.

Trong lugng 188.252 g Ap suét bao hoa (bubble point pressure)

Duong kinh 1,5in (38,1 mm) Ty trong tai 4p sudt bdo hoa 0,7011 g/cm?®
Chiéu dai 3in (76,2 mm) Do nhét (cp) 0,833 (cP)
Do thim 403 mD

Thé tich rong 20,85 cc
Do rong 24%

2.1.2. Thiét b thi nghiém

Xac dinh ap suat tron 1an ti thiéu c6 nghia 14 tim ra mot gia tri 4p sut tron 1an thip nhat
nhung lai mang lai hiéu suit thu hdi dau cao. Thi nghiém dugc tién hanh trén thiét bi Slim
Tube System (STS) phong Core Lab (Hinh 1a). Thiét bi duoc ding mét cot cat nhdi xodn b¢
dai 12.192 (m), goi 1a slimtube. Pay 1a éng thép khong ri cting c6 dudng kinh rit nho 1a 4,6
mm dé tranh anh huong t6i hién tuong phan toa dang ngén. Bén trong chira cat Ottawa nén
ap suét cao, mau vt dat duoc do r6ng trung binh 37,48% va do tham dat 9.006 (Darcy). Ong
slimtube dugc thiét ké nhu trén va bom ép khi tir trén xudng s& dam bao cho khi quét hoan
toan dau trong 6ng. So do thiét bi do p suét tron 1an téi thiéu dugce trinh bay chi tiét nhu hinh
1b.

Gas NV2D5 B Wv2z0 ST

oinet = —- 0.1 bar @ 0.3 bar
q

V303 mnn

inlet
7z

AP 0.00 bar
et

.
vzoe Huz0d sl HNWM 0.1 bar Ny301
& o
L&)
Hvzzn w208
T nv308
P oo =

-

256 0C

Ollnl

a0
0.000cc] L oz08

e | I._i'—.l e
Nv1o4H NVMZH (=) r 0 W ke

Vet
i c PCVa0D
anume Control
cc
j Pump Control
Nt 30.3 oC
) - (&)
ain

Hinh 1. (a) Thiét bi thi nghiém slimtube xac dinh MMP; (b) So d6 thiét bi do ap suat tron lan t6i
thiéu [8].
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2.1.3. Quy trinh thi nghiém

Mau dau va khi sau khi nap vao binh chira khi dugc 1ap dat trong budng ddt dé gia nhiét
va dua vé diéu kién via bang cach nang dan 4p suat dau vao day dau 1én dinh cot cat nhdi
trong 6ng slimtube va nang ap sudt dau ra bang bom tay tao ddi ap P2 véi diéu kién ap suét
dau vao ludn nho hon 4p suat dau ra trong qué trinh nang ap. Binh chtra khi dugc c6 lap boi
hé théng van dinh cua binh chira khi trong qua trinh bom day dau. Nang mdi cap ap suat bom
daula 15 0 psi. Qua trinh nang ap tién hanh dén khi dau duoc bom tir dinh ¢t cat xudng dudi
Vo1 ap suét 2755 psig va ap. sudt dau ra duge dat & 2900 psig. Dau dugc bom ép lién tuc trong
nhiéu gio nhdm dam bao dau duoc bao hoa hoan toan va khong con sot khong khi trong toan
bd hé théng. Thi nghi€ém bom ép khi dé tim ap suét tron 1an tdi thiéu duoc tién hanh sau khi
cac thong sb 6n dinh tai diéu kién nhiét do via 91°C va ap suét bao hoa dau dat 2097 psig.

Nam thi nghiém dugc thyc hi¢n lan luot tai 5 cép ap suit bom ¢ép khac nhau 1a: 2500 psi,
2650 psi, 2800 psi, 2950 psi va 3100 psi. Sau khi ap suat bom day dau 6n dinh tai mdi cap,
binh dau duoc ¢o 1ap bdi hé théng van dinh cta binh dau. Sir dung bom Gilson P1 bom ép
khi CO2 v6i luu lwong 6 ml/gid tir binh khi C1 1én dinh cot cat nhdi dé day dau va tim ap suat
tron 1an toi thiéu 1an luot tai mdi cAp ap suat. Khi ap suat bom ép khi 16n hon ap sut dau ra
ctia bo diéu chinh ap suat, luong dau va khi duoc thu hoi tai phan cudi cua thiét bi tai mdi
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cap ap suat cta thi nghiém. Chung ta c6 thé quan sat qua trinh day quét dau trong ng slimtube
tai cac cap ap sudt qua cura sO chiu ap cao. Tai diém ap suat tron 1an t6i thiéu, khi s& xuyén
thing qua dau va c6 thé quan sat dugc boi su thay d6i mau sic cua dau.

Theo két qua thi nghiém nhu hinh 2 cho thdy, duong xanh thé hién hé s thu hdi tich don
tang dan déu den mot gia tri nao do 10i xay ra hién tuong tang chdm hon so v6i ban dau. C6
thé nhan dinh rang, ban dau do bdo hoa dau trong ong slimtube cao, thi khi bom ép co thé d&
dang day dau dich chuyén khoi 16 rdng. Tuy nhién khi dau dat dén gan giGi han d6 bio hoa
dau sot, thi do lyc ma sat, lyc mao dan, hay tinh dinh w6t trong 16 rong lam cho dau kho dich
chuyén hon, va ting cham hon. Khi khi duoc bom vao dng slimtube véi ap suét cao tao ra
mot doi, goi 14 d6i tron 1an, doi nay gom thanh phén khi va dau, c6 chirc ning 6n dinh d6i
phia trudc chuyén dich (d6i dau), khi day d6i tron 1an va d6i tron 1an day d6i dau nhu co ché
pit-tong. Cho dén khi lwong khi dugc bom ép vuot qua 0,85-1 PV thi xuét hién hién tuong
ludi khi xuyén qua d6i tron 13n, va vuot qua ca déi dau, chay ra ngoai. Nguyén nhan 1a do do
linh dong cua khi CO> rat cao, va dudi ap luc manh nén dé dang tao ludi khi hinh dang toa
ngén nén san pham thu hdi dau ra c6 13n khi.
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Hinh 2. Hé s6 thu hdi dau cong don cho trudng hop bom ép 1,2 PV (%) véi ap sudt (psia).

Tir két qua thi nghiém, véi 5 cap ap suit 2500, 2650, 2800, 2950, 3100 psia tai thé tich
bom ép 1a 1.2 PV dat hé sb thu hdi cao hon 1 PV. Tai thé tich bom ép 1a 1.2 PV tuong tmg
v6i timg hé s6 thu hoi tich don, vé duoc do thi véi truc tung 14 hé s6 thu hoi tich don (%) va
truc hoanh 1a ap sut (psig). Tir dd thi suy ra, ap suét tron 14n t6i thiéu (MMP) vao khoéang
2950 psig.

2.2. Thi nghiém bom ép khi nudc luan phién

Khao sat danh gia hiéu qaa bom ép nudc khi luan phién duoc thuc hién trén thiét bi
Steady state and Unsteady state Relative Permeameter (RPS). Hé thdng diéu khién ty dong
cac thong s vé ap suét, luu lugng bom ép, nhiét do, d6 chénh ap, lugng khi, dau va nudc thu
duogc trong qua trinh bom ép déu duoc tu dong ghi lai theo thoi gian.

Thiét bi bom ép ngap 15i v6i ap sudt cao duge lap dit dé tién hanh thi nghiém bom ép
tai trang thai khong 6n dinh. So d6 thiét bi bom ¢p dugc trinh bay trong Hinh 3. H¢ thong
thiét bi bao gobm mot may bom ap suat cao Ruska dé bom ép nudc sach/dau/khi véi luu luong
va ap suat mong mudn vao phan dudi cla cua pit—tong chuyén dung dich bom ¢ép. Pit— —téng
chuyén dung dich dugc d6 day boi chat luu dé bom ép vao 16i. Ong thép chiu ap suét cao
(dudng kinh trong 1/8 in) dan chit luu bom ép vao 161 vdi sy trg gitp ciia van 3 chiéu phan
phéi chat lwu. San pham luu chat duge thu hoi tir thiét bi dbi ap, chat luu duge dan vao xy
lanh/can dién tir dé do ludng, va dugc ghi nhén lai theo thoi gian. Nhimg dudng 6ng song
song dugc lép dat dé tao thuén loi cho viéc luu thong chét lvu 1am sach 16 bfmg may bom ly
tam. Ap suat dau vao, ap suit dau ra va chénh léch ap suét dugc do dac bang bo do chénh ap
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dién tir dwoc gan trén thiét bi bom ép ngap mau trude khi hiéu chinh lai thiét bi thi nghiém
do trong lugng tiéu chuan (Hinh 4).
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Hinh 4. Gia & miu 15i 1.

2.2.1. Quy trinh thi nghiém

Thi nghiém bom ép khi nudc ludn phién duoc tién hanh theo nhimng budc sau:

1. Bdo hoa mau 13i voi nude bién, xac dinh thé tich rSng va d6 thim tuyét dbi.

2. Bom ép dau dén khi dat do bio hoa nude du, xac dinh d6 thim diém cubi cua dau.

3. Bom ép ngp nudc dén khi dat 6 bao hoa dau sét, xac dinh do thdm diém cudi cua
nuoc.

4. Tién hanh bom ép khi tam cép

Qua trinh dich chuyén khi & trang thai chuyén tiép bi anh hudng boi su thay ddi ctua do
nhot, sy gidn doan tai dau vao va quan trong hon la tai dau ra cua 16i, duoc goi 1a hiéu ung
két thiic. Hiéu tmg két thuc c6 thé dugc giam thiéu bang cach str dung miu 161 dai va thé tich
r5ng 16n. Céc tiéu chuin ty 1¢ cuia Leas va Rappaport da loai bo su phu thude cta tdc d6 bom
ép va do dai mau 16i dén hé s6 thu hoi dau [13].
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2.2.2. Bom ép khi CO, tam cép

Bom ¢ép khi CO2 luan phién véi nudc: Mau duoc bom ép CO2 va luan phién véi nude
sau khi bom ép ngdp mau v6i nude bién.

Thong thuong, quy trinh bom ép ngap mau duoc thue hién tai te do dong chay tuong
db6i thap dé dam bao lam ngdp 6n dinh. Véi luu lugng 16,2 cc/gio dé dap tmg cac tiéu chuin
ciia Leas va Rappaport [13]. Day 1a buédc lau nhat trong toan bo thi nghiém, no can dugc tinh
toan k¥ ludng va theo ddi can than.

Kich ¢& nat dugce str dung 1a 5% (5%/nat khi, 8 nat khi: 40%) PV.

Can duy tri dwoc 4p suit trong xy lanh khi va nuéc bién dé tranh trang thai mat on dinh
va hién twong v& nudc sém trong sudt qua trinh 1am ngdp mau. Bé chtra chuyén ddi dau va
nude bién duoc ndi V61 may bom va dé dat trang thai can béng it nhat 24h. Qu4 trinh kiém
soat ap sudt trong mau 161 duoc ‘bom ¢p thong qua thiét bi 4p suat dau vao (P1) va dbi ap dau
ra (P2). Déi ap (P2) duoc dat toi thidu & 2950 psig dé dam bao qua trinh tron 13n duoc dién
ra.

Sau khi 4p sudt dat cAn bang & ca hai xy lanh khi va nudc bién, 5% PV thé tich khi duoc
bom vao 18i. Sau d6, thé tich nude bién tuong tu ciing duoc bom ép vao 16i. Ctr sau 1 khoang
thoi gian vira da bom ép hét 5% IHCPV thi van 3 chiéu duoc quay tir vi tri bom ép khi sang
bom €p nude. Tuong tw, Voi bom €p nude, sau khi bom ép du 5% IHCPV véi cung thoi gian
bom ¢ép khi, van 3 chiéu lai dugc quay lai chuyen ngay vé bom ép khi.

Quy trinh nay duoc lap di 1ap lai cho dén hét lugng khi can bom ép (0.4 IHCPV) thi tiép
tuc bom ép nudc cho dén khi toan b thé tich bom ép dat 1.5 IHCPV thi dung lai.

Thé tich nude bién, dau va khi thu hdi duoc xac dinh bang thiét bi doc dif liéu tach chiét
(The Separator Readout) va may do lugng khi (gasometer: st dung cho bom ép khi khong
thé tron 14n) hodc may do lugng khi am (wet gas meter: st dung cho bom ¢ép khi c6 thé tron
14n). Toan b thé tich, khdi luong chat luu, thé tich khi duoc ghi nhan theo thoi gian. Dua
Vvao ty trong dau, ty trong nudc, hé sd thé tich cua dau, va ty s6 khi dau, dé tinh toan luong
dau, khi va nudc thu hdi dugc theo thoi gian [12]. Dit liéu duge ghi nhan va lap theo bang 3
bén dudi.

Bang 3. Thiét ké bom ép khi nue luan phién.

Kich c& mot nut khi 0.05 IHCPV (Thé tich dau ban dau).
Ty s6 WAG 1:1 (1 thé tich khi bom : 1 thé tich nudc)
Tong luong khi bom ép 0,4 IHCPV
Téng s6 nat khi 8
Tong s6 nit nuéc 8
Toc d6 bom ép 16,2 cc/gio
Ap suét duy tri trong mau tdi thiéu 2950 psig

3. Két qua va thao luan

San luong thu hoi dau ting cudng theo 3 kich ban duoc tom tit trong Bang 4.

Bang 4. Két qua thu hoi dau dya trén cac kich ban.

Thoi diém bom ép T‘l’)r(‘ﬁlf'(];‘t,‘)ch Lugng diu thu hdi (%)
Bom ép WAG trude bom ép nudc 1,5 88,6
Bom ép nudc 15 68,6
Bom ép WAG sau bom ép nu6c 15 17,9

Két qua 3 thi nghiém gom bom ¢ép nude, bom ép WAG sau khi bom ép nude va bom ép
WAG trude bom ep nude duge bicu dien bang do thi gitra hé s6 thu hoi tich don (%) va thé
tich chat Iuu dugc bom ép (PV) (Hinh 5).
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Hinh 5. D) thi biéu dién hé s6 thu hdi tich don vai thé tich luu chéat duge bom ép.

Tir két qua thi nghiém bom ép nuée hinh 5 cho thdy, qua trinh bom ép nudc duge thuc
hién lién tuc dén khi hét 1,5 PV nudc. Tuy nhién, thé tich nudc duge bom tir 0 PV dén 0,7
PV thi dat tong lwong dau thu hdi nhiéu nhat (chiém 54,56%). Diéu nay duoc giai thich rang,
ban dau mau 18i dugc bao hoa diu (So > Sw nén Kro > Krw) nén nudc bom ép dé dang day dau
ra khoi 16 rong. Dén khi, thé tich nudc bom ép tang dan tir 0,7 PV dén 1,5 PV thi tong lugng
dau thu hoi sut giam lai (con 14,04%). Vi d6 bao hoa nude ngay cang tang cao (Sw> So), dau
tré nén khé dich chuyén hon (Kmw > Kro). Mic khac, d6 linh dong cua nudce cao hon dau nén
nuée dé dang vuot 1én trude doi dau va chin dau lai trong 16 rong, dugc goi 1a hién tuong
ludi nude.
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Két qua hinh 6 va 7 cho thay, lugng dau thu hdi khi bom ép khi it hon luong dau thu hoi
duoc khi bom ép nudc. Hién tuong nay xay ra la do bom ép hai chat co do nén rat khac biét
nhau, khi c6 do nén khi rat cao trong khi nudc 6 do nén thép hon. Thém vao do, khi CO»
bom ép véi ap suit cao thi hoa tan ngay vao dau. Do vy luong dau thu duoc khi bom ép khi
it hon.
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0 WAG truée bom ép nude
1
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Hinh 8. D) thi biéu dién hé s6 thu hdi tich don theo thé tich bom ép.

Tir két qua thi nghiém bom ép cho thay, hiéu suat thu hdi dau cua bom ép WAG rat cao
(Hinh 8). Thoi diém sir dung WAG trude khi bom ép nuée, hé s6 thu hdi dau dat 88,6% 16n
hon tong hé sb thu hoi trong 10c bom ép nude (68,6%) va hé sé thu hoéi bom ép WAG sau
bom ép nude (86,5%) 1 2,1%. Piéu nay cho thay, khi CO, dugc bom ép vao mau 15i s& dé
dang bi hoa tan va lam dau truong né tot hon tai thoi diém trude khi bom ép ngap nudc thir
cép. Khi CO2 dugc tiép xuc truc tiép voi déi dau tao thanh doi tron 13n, véi d6 nhdt duge
giam xudng dan dén do linh dong cia d6i dau—CO> ting 1én dang ké. Co ché nay 1am cai
thién hiéu suat déy, dau dugc thu hdi nhidu hon. Ngugc lai khi bom ép WAG sau giai doan
bom ¢p nudc, dé tuong tac v6i d6i dau, khi CO2 phai di chuyén xuyén qua pha nudc va bi
mét mot phan ap nang. Do do trong truong hgp nay, khi CO2 gap kho khan dé lam dau truong
nd, dan dén giam hiéu suat day. Diéu nay dé dang dugc nhéan thay, qua két qua thi nghiém
trén.

Quan sat hai dudng hé s thu hodi ctia bom ép nudc va bom ép WAG trude bom ép nude
tir doan thé tich bom ép 0 PV dén 0,27 PV nhu hinh 9, cho théy hé sb thu hoi tich don cua
bom ép nude cao hon hin so v6i bom ép WAG trudc bom ép nude. Pidu nay duoc gii thich
1a do giai doan méi bat dau bom ép nudc thi hé s quét ctia nude cao nén lugng dau thu hdi
nhiéu. Nguoc lai, bom ép WAG trudc bom ép nude véi thé tich 0,27 PV thi c6 ba nat khi
duge bom ép, vi khi CO, dugc bom ép voi ap suat cao nén sé tron 1an va 1am dau truong nd
nén luong dau thu hoi dugc 14 rat it. Do d6, hé s6 thu hoi dau ciia bom ép WAG kém hon cia
bom ép nudc trong giai doan nay. Tuy nhién, tir giai doan 0,27 PV 1én 1,5 PV, hé s6 thu h@)i
cua phuong phap WAG trude bom ép nudce (dat ngudng 88,6%) cao hon han so véi hé sd
thu hoi ctia bom ép nudc (dat 68,6%) 1a 20%. Diéu nay duoc giai thich 1a do dau dugc khi
CO; tron 13n vao 1am giam do nhét dang ké, nén nit nude theo sau nat khi cho kha ning quét
dau triét dé hon.

Trong vong doi khai thac cua mét mo, phuong phap bom ¢p WAG can duogc thuc hién
ngay tur luc dau dé trong thoi gian ngén nhét (thoi gian bom ép hét 1,5 PV chat luu) dat hé sO
thu hoi tdi wu nhat (88,6%). Trong khi do, vong doi mo sur dung ca bom ep nudc thir cap va
bom ép WAG tam cép can tén nhleu thoi gian bom ép (thoi gian dé bom ép hét 2,3 PV chat
luu) hon nhung chi dat duoc hé s6 thu hoi 1a 86,5%. Do do, st dung WAG ngay tur lac dau
thi dat duoc loi ich trong ca k¥ thuat 1an kinh té.
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4. Két luan

Thi nghiém bom ép bang phuong phap WAG cho két qua rit dang chu y: hé sb thu hoi
dau bang bom ép WAG trudc khi bom ép nude thi cap 1a 88,6%, trong khi d6 lugng thu hoi
dau ctia bom ép nudce chi dat 68,6%, bom ép WAG sau bom ép nudc dat thém 17,9%. Diéu
nay cho thdy hé s thu hdi ddu ciia WAG trudc bom ép nudc 16n hon tong hé sb thu hoi cia
bom ép nudc va bom ép WAG sau bom ép nudce 1a 2,1%, cho thiy viéc ap dung giai phap
bom ép WAG trudce khi bom ép nuée dat hidu qua hon khi bom ép nuée thir cp va WAG
tam cap sau do.

Loi ich vuot trdi nhat gitra viéc bom ép WAG trude khi bom ép nude so véi sau khi bom
¢p nudc, chinh la thoi gian cén thiét ngin hon dé tan thu luong dau, khi xem xét dén yéu t6
hiéu qua kinh té ctua dong tién va thoi gian hoan vén cua dy an. Vi vay, phuong phap WAG
phai duogc thuc hién ngay sau giai doan khai thic so cip dé dat hiéu qua nhat trong ca ky
thuét 13n kinh té.

Céc két qua thu hdi dau dugce thuc hién trong diéu kién nhiét do méi truong trong phong
thi nghiém nén chua du co s¢ dé két luan 1a c6 hiéu qua v6i quy mo toan mo. Nhung hé s6
thu hoi dau cta phuong phap WAG véi khi CO2 cho thay rat kha quan dé nghién ctru siu hon
va tién hanh mo phong trén quy mé mo vdi cac théng s thi nghiém da dé cap.

DPong gop cua tac gia: Xay dung y tuong nghién ctru: N.X.H., P.H.T.; Thi nghiém, Xu ly s0 liéu:
P.HT., T.T.M.H., N.G.T.; Viét ban thao bai bdo: N.X.H., L.Q.N., T.V.N.; Chinh stra bai bao:
C.M.H., N.X.H.

Loi cdm on: Nghién ctru dugc tai trg boi Truong Pai Hoec Bach Khoa, PHQG—HCM trong khudn
kho dé tai ma s6 To-PCDK 2021-09.

Loi cam doan: Tép thé tac gia cam doan bai bao nay 14 cong trinh nghién ctru ctia tap thé téc gia,
chua dugc cong bo ¢ dau, khong dugce sao chép tir nhitng nghién ctru trude day; khong co su tranh
chap loi ich trong nhom tac gia.
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An Experimental Investigation of CO, WAG Coreflood in
Miocene reservoir of Rong Den field, Cuu Long basin
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Abstract: In the process of oil field exploitation, the amount of residual oil after primary
and secondary production is very large, especially in Rong Den field in Cuu Long basin. A
significant portion of these residual oil can be recovered economically by water alternating
gas injection (WAG). The WAG injection method has been studied in the experimental
investigation laboratory with a minimum miscible pressure of about 2950 psi. The core
sample injection test by WAG method shown very remarkable results, the oil recovery
coefficient of the WAG injection before waterflood was 88.6%. The oil recovery by
waterfooding reached only 68.6%, then using WAG injection, oil production recovered
about 17.9%. The results that the oil recovery coefficient of WAG before waterflood
injection is 2.1% larger than after water injection. Thus, the application of WAG injection
before water injection is the best case.

Keywords: Water Alternating Gas; Minimum Miscible Pressure; Oil recovery; Carbon
dioxide; Cuu Long basin.
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Tém tit: Anh hudng cia mua 16n va ciu trac dia chat thay doi 1a nguy co cao xay ra trugt
16 & khu vuc mién nai phia béc Viét Nam trong d6 Lao Cai la mét trong nhitng tinh chiu
anh huong ning né va thuong xuyén nhat. Nghién ctu ung dung mé hinh TRIGRS
(Transient Rainfall Infiltration and Grid-Based Regional Slope-Stability Model) nhim md
phong luong thim do mua dya trén do dc va tinh 6n dinh dia hinh ctia khu vuc nghién ciru.
Mo hinh dugc 4p dung dé mé phong truot 1o dat st dung tai li¢u dia chit—dia hinh, sd liéu
khi twgng thuy van va cac dic tinh co hoc cua khu vye nghién ctru. Cac phuong trinh duoc
thiét lap dé tinh toan bién d6i d6 sau cot nude va tinh dn dinh cua mai déec. Két qua nghién
clru voi tran mua 16n dau thang 9 nim 2013 cho thay, khi mua 16n bat dau xay ra, luong
tham tang dan kéo theo d6 1a d6 6n dinh mai ddc giam, hé sb6 on dinh giam dan va sau
khoang 24 gid thi hién tuong truot 10 dat da dién ra tai vi tri c6 FoS thip nhit va mo rong
ra cac vung lan can.

T khoa: M6 hinh TRIGRS; Lao Cai; Truot 10.

1. Giéi thi¢u

Truot 1& dat nguyén nhan do mua 13 tai bién dia chat pho bién trén thé gidi c6 thé gay ra
thiét hai vé nguoi va tai san. Hién nay c6 hai cach tiép can chinh dé du bao mua gay ra truot
16 dat: (1) St dung m6 hinh thong ké dé xay dung mbi quan hé giita cudng d6 mua—thoi gian
mua v6i su xudt hién truot 16 dat [1-5]; (2) Thiét 1ap cac mo hinh vat 1y vé sy khong 6n dinh
ctia mai déc dudi tic dong cia mua [6-8]. M6 hinh TRIGRS hién nay da va dang dugc sir
dung nhiéu noi trén thé gidi [9-15], md hinh TRIGRS da xem xét dén luong thAm do mua
va myc nudc ngam thay doi theo d6 6n dinh ciia mai doc. M6 hinh két hop mo phong luong
thAm do mua va phuong phap can bang gi6i han, c6 thé ding dé tinh toan mirc d6 khong on
dinh ctia mai déc trong cac diéu kién mua khac nhau [16]. Nghién ctru tng dung TRIGRS dé
xéac dinh 1& dat do mua gy ra & Banjarnegara, Trung tdm Java, Indonesia [16] dé tinh toan
ap suat do rdng va hé sd an toan FoS (Factor of Safety) sudt qué trinh thim do mua. Gia tri
FoS thip nhét ¢ diéu kién ban dau trudc khi c6 thim do mua 1a 1-1,2 va phan bé gan khu
vuc ¢6 do doc 16n gan Jemblug. Két qua md phong cho thdy khu vuc c6 d6 doc 16n véi goc
nghiéng 1én hon 30° dé bi truot 16 do mua véi FoS <1,2 trong khi mot $6 vi tri co d6 dbc 1on
c¢6 kha ning khong bi anh huéng nhiéu véi FoS > 1,2. Nghién ciru ndy dwa ra két luan rang
TRIGRS c¢6 thé du doan vi tri truot 1 dit do mua. [17] nghién ctru mé phong truot 16 dat do
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mua 16n diy Himalaya, An Do, sir dung mé hinh TRIGRS, két qua dénh gid md phong tir md
hinh véi thue té dat gén 80%. Tuy nhién, viéc c6 thém bo dir liéu nhu lugng mua hang gio,
thoi gian chinh xéac ciia sy kién truot dat da xay ra trong thyc té s& nng cao do chinh xéc ciia
két qua nghién ctru. Cac két ‘qua tur nghién cliru nay ¢ thé duoc nhan rong va st dung & cac
khu vuc co dia chat khong 6n dinh khac trén day Himalaya cua An Do dé thiét 1ap mot hé
théng canh bao som truot 16 dat do mua. Co thé nhan thay két qua danh gia viéc ung dung
m6 hinh TRIGRS dé canh bao sém truot 16 do muwa 16n ¢ nhiéu khu vyc trén thé gisi cho két
qua tuong d6i kha quan.

Hién nay, van dé truot 1o dat do mua 16n dé va dang nghién ctru tai Viét Nam, thong ké
dén nam 2020 thi nghién ctru vé truot 16 dit tap trung chu yéu ¢ khu vuc cc tinh mién nai
phia Béc (bién Bién, Ha Glang Hoa Binh, Lai Chau, Lang Son, Lao Cai, Son La, Yén Bai)
va mot sb tinh & khu vuc mién Trung-Tay Nguyén (Binh Dinh, Da Ning, LAm Dong, Quang
Nam, Quang Ngai, Quang Tri, Thira Thién Hue) Trong d6, khu vyc cac tinh mién nii phia
Bic c¢6 nhiéu cong trinh nghién ciru hon (chiém 67%) s0 voi cac tinh mién Trung - Tay
Nguyén (chiém 33%) [18]. Ciing theo bai bdo nay thi c6 tit ca 67 mo hinh danh gia nguy co
sat 10, truot 1& dat da duoc st dung ¢ 41 cong trinh nghién ctru, trong do c6 mot s6 khu vuc
mg dung mé hinh TRIGRS nhu Ba Vi, luu vuc séng Cau... tuy nhién chua c6 nghién ctru
tmg dung md hinh TRIGRS dé mé phong truot 1¢ dat da do mua 1én & tinh Lao Cai thudc
khu vye mién nti phia Béc Viét Nam.

Lao Cai 1a mét trong cac tinh thudc ving mién nai Ty Béc, tinh Lao Cai c¢6 d6 dbc dia
hinh thay d6i kha 16n theo phan bd dién tich. Lao Cai la mét trong ‘nhiing tinh thuong xay ra
hién tuong truot 16 dat da, dac biét nam 2013 da xay ra truot 10 dat da gy hdu qua nang né
tai x4 Thim Duong, huyén Vian Ban, x4 Thanh Kim, huyén Sa Pa.... Thong ké dén nam 2013
cho thiy s6 diém truot 10 dat da & Lao Cai 1a hon 500 diém. Do d6 van dé truot 16 tai Lao
Cai la van dé can dic biét quan tdm, nghién ctru. Muyc dich nghién ctru nhim tng dung mé
hinh TRIGRS mé phong truot 16 dat da do mua ap dung thi diém cu thé cho tinh Lao Cai.

2. S6 lidu sir dung va phwong phap nghién ciru

2.1. Tong quan khu viec nghién ciru
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Hinh 1. Ban d6 khu vuc nghlen ctru va hé thong mang Iuéi tram KTTV tinh Lao Cai.
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Mudng Khuong, Sa Pa, Si Ma Cai, va Vin Ban (Hinh 1). Hé thng giao thong gém 4 qubc
16 va 4 tinh 19. Cau truc dia chat cua khu vuc tinh Lao Cai bao gom céc da co tudi tir Proterozoi
dén D¢ ti, phan bo trong 37 phan vi dia chat. Khu vuc tinh Lao Cai nam trong pham vi cua
4 déi cau truc 1on 1a ddi cau trac Song Chay, doi cau tric Song Hong, ddi cau trac Phan Xi
Pang va doi Tu L¢.

2.2. Thu thép sé liéu nghién ciru

a) S6 liéu khi twong thuy vin

S liéu’mua, ) li’éu bdc hoi tai tram khi tuong: Lao Cai, Sa Pa, Hoang Lién Son, Muong
Khuong, Bac Ha, Pho Rang tir 01/08/2013 dén 30/09/2013.

b) Hién trang trugt 16 dat da

Theo két qua diéu tra, khao sat va thanh 1p ban d hién trang truot lo dat da ty 18
1:50.000 khu vire mi€n nti tinh Lao Cai (2014) [19] trén co s¢ cong tac khao sat thue dia da
thong ké dugc 534 vi tri da xay ra truot 1& dat da dugce thong ké trong Bang 1.

Bang 1. Thong ké s6 luong cac diém trugt 16 dat d4 trén dia ban tinh Lao Cai.

STT Huyén S6 diém truot 16 dit da

1 Bac Ha 85
2 Béo Thang 34
3 Bao Yén 55
4 Bat Xat 88
5 Cam Duong 10
6 Muong Khuong 80
7 Vién Ban 129
8 Sa Pa 53

Tong cjng 534

Truot 16 dat d4 tai Lao Cai thuong kha nghiém trong va gay ra hau qua thiét hai vé nguoi
va cua, Hinh 2 [a mot s6 hinh anh truot 16 dat da xay ra tai Lao Cai.

i
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2.2. Phuong phap nghién ciru

Mo hinh TRIGRS 13 mét chwong trinh ctia Fortran duoc thiét ké dé thlet 1ap va m6 phong

su phan b cua cac tran 1o dat nong do mua gy ra [21-27]. Chuong trinh can nhiéu thong sd
dau vao, bao gdm ca su thim thau dac tinh thuy lyc va cac thong so dau vao 6n dinh mai déc
[22], m6 phong sy thay d6i ap suat 16 rong qua bé mat thoang va sy thay d6i twong Ung trong
hé s6 an toan do tham nuéc mua [23]. Cac m6 hinh thim trong TRIGRS véi cac diéu kién
ban du dya trén nghiém tuyén tinh cta phuong trinh Richards [24].
M0 hinh bao gdm mot thanh phan 6n dinh va mot thanh phan thim tam thoi. Do thim
on dinh phu thudc vao d6 sau ban dau dén muc nude ngﬁm va tbe d6 thAm dn dinh. Dudi su
tham thau on dinh, mai doc s& khong bj hu hai. ThAm nhat thoi 1a su thay d6i ap luc nude 16
rong thoang qua do lugng mua gly ra trong thoi gian ngén Noi chung, cuong d6 mua cang
16n thi sy thdm nhat thoi cang 1on [25 27]. Ap luc nudc 10 rong tam thdi duoc tinh toan sau
d6 duoc str dung cho md hinh d¢ doc vo han. Giai phap tong quat trong TRIGRS la:
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Hinh 3. So db ciu trac nghién ctru tmg dung md hinh TRIGRS.



Tap chi Khi twong Thuy van 2022, 742, 65-74; doi:10.36335/VNJHM.2022(742).65-74 69

phuong trinh phan tich 6n dinh mai dé¢ v6 han phuong trinh (3). Trong qua trinh phén tich
truot 16, tinh khong 6n dinh cua mot do dbc vo han duoc dic trung boi ty ) gitra luc chéng
ma sat Coulomb co ban va ung suat truyén dong co ban xudng ddc do trong luc gay ra [27].
Ty 1€ nay, duoc goi la FoS, dugc tinh & do sau Z béng phuong trinh:
tang C—y (Z_, t)yy tane @)
tan o Y,ZSIiN3Cc0sd

Trong d6 ¢’ 12 hé sb két dinh; ¢’ 1a hé s6 goc ma sat mit dat; ys 1a don vi trong luong; yw
don vi trong lwong ctia nudc ngam.

Nghién ctru nay trinh bay két qua tng dung mé hinh TRIGRS mé phong trugt 1& cho
khu vuc mién nai phia béc tinh Lao Cai, Viét Nam. So d6 céu trac nghién ctru dugc trién
khai thuc hién theo cac budc miéu ta trén hinh 3.

FS(Z,t)=

3. Két qua va thao luin

3.1. Thiét lgp mé hinh TRIGRS cho khu viec nghién ciru

Céc thong s6 mo hinh TRIGRS duqc thiét 1ap dua trér} cac ta‘livliéu vé dig chét, dia hinh
khu vuc nghién ctru. Hinh 4-5 1a ban d6 dac trung mot s6 dac diém dia chat—dia mao tinh
Lao Cai.
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Hinh 4. (a) So do phan b hé théng cac dut giy trén dia ban tinh Lao Cai; (b) So d6 phan bd nhém
da theo dic diém dia chit cong trinh tinh Lao Cai [18].
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Hinh 5. (a) Su phan b6 dién tich xudt 16 cic nhém da gde tinh Lao Cai; (b) Sy phan bd déi ciu trac
trén dia ban tinh Lao Cai [18].
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Bang 1 14 thong sb chinh thiét l4ap trong mo hinh TRIGRS.

Bing 1. Thong s6 co ban mo hinh TRIGRS tinh Lao Cai.

Co ®o vs Ks Do o 0s or
[kPa] [deq] [kN m—3] [ms-1] [m2 s-1] [m-1]
3.50E+03 35 2.20E+04  1.00E-07  8.00E-04 0.5 0.45 0.05

S6 liéu d6 cao triét xuat tir ALOS PALSAR DEM 12,5 m. B9 dbc va hudng dong chay
dugc tinh toan tir DEM khi dua vao mo hinh TRIGRS. Do day 16p dat dugc tinh toan theo
phuong trinh Z, cin ¢ vao dir liéu cac 16 khoan trong khu vyc dé xac dinh cdo trinh trén va
c4o trinh dudi cua 16p dat moé phong, do d6 d6 day 16p dat co thé tinh toan theo phuong trinh
(4).

Z=Z_ - ( hh_—hmJ (Zoo = Zonin) (4)

max hmin
Trong d6 Zmax V& Zmin 1a d6 sau 16n nhét va d6 sdu nho nhat tﬁng dat; hmax va hmin 1a
d6 cao 16n nhét va nho nhét tuong timg; Ks 1 hé sé dan thuy luc bdo hoa va D 13 hé sb khuéch
tan thuy luc.
Hinh 6 1a d thi lvong mua va tong lugng mua tich luy tai tram Sa Pa.

120 900
Luong mua ngay - 800
100 _
— — Luong mura tich luy S 700
—
E 80 600
g | Z
> =
) ,/ 500 2
g 60 .~ é
E f 400 o
2 / g
= —
2 10 7 300 —
~
[ 200
20 —f
/ 100
0 — 0

13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13

oS D D D D D D D D D D D I I D o I o DD DD oo

S s P N S S o PR S S bPeEeESsS SSSS ST SSSSsSsSsSSS s s

13
15
17
19

Hinh 6. B thi lugng mua va tong mua tich luy tram Sa Pa thang 9 nam 2013

Hinh trén la d6 thi thé hién lugng mura tai tram khi tuong Sa Pa tir ngay 01/08/2013 dén
ngay 30/09/2013, c6 thé nhan thay tuan dau thang 8 c6 xuét hién mua 16n 80mm vao ngay
09/08/2013 sau d6 mua giam dan va két thac ma ngay 13/08/2013, tir 19/08/2013 bit dau
dot mua tiép theo véi lugng mua 16n nhat xay ra ngay 25/08/2013 13 gan 60mm, ngay 30/08
tiép tuc tran mua 16n va kéo dai dén ngay 08/09/2013 v&i lugng mua 16n nhét 13 gan 100mm
ngay 05/09/2013. C6 thé nhan thiy day 1a dot mua kéo dai va lién tuc, voi tong luong mua
luy tich 16n.

3.2. Két qua mo hinh mé phong

M6 hinh TRIGRS duoc thiét lap n}é phong sat 16 dat kh}l vuc nghiér} ctru thoi doan mo
phong tir 01/08 dén 30/09 nam 2013 d€ danh gia bo thong s m6 hinh, tong luong mua tich
luy 1a 775,5 mm, cuong d6 mua l6n nhat 1a 96,5 mm/ngay (ngay 05/09/2013).
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Nghién ctru da st dung vi tri truot 16 dét d4 tai cau Méng Sén trén quéc 16 4D, xa Thanh
Kim, huyén Sa Pa voi tran mua thang 9 nim 2013 dé danh gia bo thong sé6 mo hinh TRIGRS.
Két qua so sanh cho théy, hé s6 FoS tai khu vuc sat 1& tai Cau Méng Sén dao dong trong
khoéng tir 0,4 dén 0,7.

Két qua mo phong cho thay vitri co h¢ s0 an toan thap nhat trung voi vi tri xdy ra truot
16 dt d4 tai tai Cau Mong Sén tbi ngay 4 thang 9 nim 2013. C6 thé nhan thay bo thong sb
md hinh twong di phu hop cho khu vyc nghién ctru.

@ POSiNgike o |, . ,}{ \
” X) S 1 oy
£ .7
. \ (/1 \.

Mong Xen

Chu thich " N.PdTinh 1-‘ S |

(@ b | [ B 77 VAN

Hinh 7. (a) Két qua FoS mo hinh mé phong; (b) So d vi tri diém trugt 1o dat da tai Cau Mong Sén,
x4 Thanh Kim, huyén Sa Pa.

Nghién ctru st dung bo théng sé ctia mé hinh d¢& mé phong kha ning truot 16 dat da cho
tinh Lao Cai. Két qua danh gia kha ning truot 1& dit d4 khu vic nghién ctru dya vao két qua
hé s6 an toan do md hinh tinh toan FoS (Factor of Safety), hé sb an toan cang thap thi kha
ning truot 16 dat da xay ra cang 16n. Hinh 8a-8c 1a két qua FoS khu vuc nghién ctru tai mot
s6 thoi diém mo phong.

@ =N % o TN

Chi thich SN Chi thich |

Hinh 8. (a) Thay doi ciia h¢ s6 an toan (FoS) tinh Lao Cai tai thoi diém ngay 03/09/2013; (b) Thay
dbi ciia hé s6 an toan (FoS) tinh Lao Cai tai thoi diém ngay 04/09/2013.

Két qua mod phong cho thiy 20 ngay trude ngay 04/09/2013, khu vuc nghién ctiru xuit
hién mua lién tiép, tuy nhién dén ngay 04/09/2013 lugng mua trén 80 mm va gan 100 mm
vao ngay 05/09/2013. Do dé bao cao danh gia sy thay doi gia tri hé sé an toan FoS tir ngay
03 dén ngay 05 nam 2013. Hinh 8c thé hién bién dong hé s6 FoS tir ngay 3/9/2013 dén ngay
5/9/2013. Co thé nhéan thiy FoS giam dan, 24h sau khi x4 ra mwa 16n, nhiéu khu vuc c6 hé
sO an toan giam, kha nang xuat hién truot 16 dat cao va xu thé d6 mo rong sau 48 gio, co thé
nhan thiy tai nhitng khu vurc ¢6 dia hinh déc (@6 dbc 16n hon 50°) ¢6 hé s an toan thap, dao
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dong tir 0,2-0,5. Thuc té, cho thay lugng mua cang tang thi do on dinh mai dbc cang giam,
h¢ s6 FoS giam va dén t61 04/9/2013 da mat két dinh gay truot 16 dat kha nghiém trong tai
mot sO huyén cua tinh Lao Cai nhu: Sa Pa, Van Ban.
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Hinh 8. (c) Thay dbi ctia hé sb an toan (FoS) tinh Lao Cai tai thoi diém ngay 05/09/2013 (tiép).

4. Két luan

M& hinh TRIGRS cho phép nhén s6 liéu dau vao dang ludi (TIF format) va lién két voi
cac chuong trinh tinh toan thdm, két qua dau ra 1a gia tri ap suét, ap suat 15 rong va hé so an
toan tai bat cr thoi diém nao. Két qua mé phong cho thdy cudng d6 mua ting thi hé sé an
toan cua cac 6 ludi xung quanh khu vye d6 giam. Cudng do mua cang 16n thi sy bién d6i do
sdu muc nudc ngam va do on dinh mai doc cang 1on. Nghién ctru da ing dung thanh cong
m6 hinh TRIGRS mé phong truot 16 dat tinh Lao Cai. M6 hinh TRIGRS ¢6 dic diém xir Iy
s6 liéu don gian, hiéu qua tinh toan cao co thé phat trién tmg dung trong viéc canh béo truot
10 ¢4t do mua 16n va co thé nghién ctru phat trién xdy dung cong cu gidm sat nguy co trugt
16 dét theo thoi gian thuc. Tuy nhién, han ché cia mé hinh méi chi tinh toan riéng biét cho
timg 6 ludi chua tinh dén trao d6i dong chay ngam giita cac 6 ludi dong thoi chua tinh dén
luc tac dong gitra cac 6 ludi gay truot 1o dat da.

DPong gop cua tac gia: Xay dung y tuong nghién ciru: N.V.N.,, B.Q.T., Q. T.T.T.; Xu ly 5O
liéu: N.V.N.; Viét ban thao bai bao: N.V.N., Q.T.T.T., B.Q.T.; Chinh stra bai bao: .Q.T.

Loi cam on: Bai bao da ké thira va sir dung tai lidu va s liéu thudc bao céo két qua diéu tra
va thanh 1ap ban do6 hién trang truot 16 dat da ty 1€ 1:50.000 khu vuc mién nui tinh Lao Cai
(2014).

Loi cam doan: Tap thé tac gia cam doan bai bao nay 13 cong trinh nghién ctru cua tap thé
tac gia, chua dugc cong bd ¢ dau, khong duogc sao chép tur nhitng nghién cuu trude day;
khong c6 su tranh chap loi ich trong nhom tac gia.
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Research and application TRIGRS model to simulate landslide in
Lao Cai Province, Vietnam

Nguyen Van Nhat!*, Doan Quang Tri!, Quach Thi Thanh Tuyet!, Tran Duy Hien?

1VietNam Journal of Hydromteorology, Viet Nam Meteorological and Hydrological
Administration; vannhat.tv@gmail.com; doanquangtrikttv@gmail.com;
tuyetkttv@gmail.com

2 Department of Science and Technology, Ministry of Natural Resources and Environment;
tranhienvkttv@gmail.com; tdhien@monre.gov.vn

Abstract: Effective of heavy rain and geological structure changes is a high risk of landslides
in the mountainous areas of northern Vietnam in which Lao Cai is one of the most Provinces
have severe and frequent effect. Research and application TRIGRS model (Transient Rainfall
Infiltration and Grid-Based Regional Slope-Stability Model) model to simulate infiltration
due to rain based on the slope stability and topographic of the study area. The model is applied
to simulate landslide using geological - topographic data, hydrometeorological data of the
study area. Equations are established to calculate the variation of pressure head and slope
stability. Research results with heavy rain in early September 2013 show that when heavy
rain begins, the pressure head increases rapidly. On these day, the slope stability of the study
area changes greatly and FoS of most grid cells in the source area are decrease after about 24
hours, then the landslide occurred at the location that has lowest FoS and extended to the
surrounding areas.

Keywords: TRIGRS model; Lao Cai; Landslide.
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Tém tit: Mot trong nhiing nhiém vu quan trong khai thac mo da vat liéu xay dung (VLXD)
1a lya chon h¢ thong khai thac (HTKT) phu hop vi viée Iya chon sai co thé phat sinh nhiéu
van dé trong qué trinh khai thac, din dén cac khoan phi phét sinh cho chit mo hodc c6 thé 1a
nguyén nhan mat an toan cho nguoi lao dong, giam ning suat lao dong, anh hudng 1au dai
td1 toan b thoi gian ton tai cia mo tham chi mot s6 mé can phai diéu chinh thiét ké. Trén co
sO phan tinh toan di¢n cac yéu td anh huong dén viéc lya chon HTKT cho khu 2 mé d4 Lam
Son nhu: didu kién dia hinh, diéu kién dia chat, goc ddc sudn nui, yéu cau vé san lugng, von
dau tu, ... nghién ctru di dé xuit 02 phuong an HTKT c6 thé ap dung cho mo, thong qua
viéc danh gia cac chi tiéu kinh té—k¥y thuat ciia 02 phuong an dé xuit, nhém nghién ctru da
lra chon dugc HTKT hop 1y cho mé dam bao hai hoa giita cac tiéu chi vé an toan—moi
truong, dung k¥ thuat, c6 hiéu qua kinh té va pht hop véi thuc té san xuat. Phuong an dugc
chon dem lai hiéu qua hon cho khu 2 mé d4 Lam Son qua mdt loat chi s6 nhu: chi phi khai
thac thap hon, lgi nhuan dong nhiéu hon 2,5 ty dong va thoi gian thu hoi von nhanh hon 6
thang mic du vén dau tu nhiéu hon 2,5 ty dong.

Tiur khoa: Lam Son; HE théng khai thac; Pa voi; Dia hinh phrc tap; An toan lao dong; Hi¢u
qua kinh te.

1. Mé diu

Thanh Hoa c6 trir luong da voi 1on (khoang 29,1 ty m?) [1], véi chat lwong tét, pht hop
lam vét liéu xay dung thong thuong va san xut xi mang. P4 voi 1a ngudn nguyén liéu khong
thé thiéu trong san Xuat Xi mang, giao thong, xay dung, .... Trong nhiing nam gan day, dudi
ap luc phat trién kinh té cta tinh, cta cac dia phuong lan cén, cling nhu nhu cau da voi ngay
cang 16n, tinh Thanh Héa di diy manh viéc cip phép khai thic cic mo da VLXD thong
thudng c6 quy m6 vira va nh6. Hoat dong khai thac da VLXD trong nhimg nam gan day tai
tinh Thanh Hoa da gép phan nang cao doi séng nguoi céng nhan, tao viéc lam 6 6n dinh cho
hang nghin lao dong, phat trién kinh té—xa hoi cua dia phuong, cung cap nguyén lidu cho cac
nganh kinh té khac nhu xay dung, giao thong,.... Bén canh nhitng mit tich cuc ké trén, hoat
dong khai thac d& VLXD trén dia ban tinh Thanh Hoéa con tdn tai mot sé han ché sau: Cac mé
da VLXD duoc cip phép cé dién tich va cong suét nho; Phén 16n cac mo khai thac khong
dung thlet ké dugc phé duyét dan den hién tuong mét tang, tao thanh mang truot (khau suot)
gdy mét an toan lao dong; Mot sé mo ap dung HTKT khong hop ly, cac thong s6 hé thong
khai thac chua phu hop véi thiét bi mo, quy chuén, tiéu chuan k¥ thuat an toan, ... gdy anh
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hudng x4u toi méi truong, tiém 4n nhitng rui ro mat an toan lao dong trong qua trinh hoat
dong...[2].

Hinh 1. Mot s6 dang m6 d4 véi c6 cau tric phan 16p phirc tap dién hinh tinh Thanh Hoéa: (a) M6 da
voi tai xa Phu Nghiém, huyén Quan Hoa4; (b) Mo dé4 cia Cong ty Minh Huong, xa Dong Nam, huyén
Pong Son; (c) Mo da nai Vuc xa BPong Vinh va phudng An Hung (TP.Thanh Hoéa, tinh Thanh Hoa);
(d) Khu 2 mé da Lam Son, xa Ha Vinh, huyén Ha Trung.

Dé xay ra nhitng hiu qua trén, mot phan do cac doanh nghiép dugc cap phép khai thac
khong dung thiét ké duoc phé duyét, theo kiéu an x6i “dé& lam, kho bo”, ... nguyén nhan khéc
1a trong qua trinh thiét ké chua dua ra HTKT hop 1y, phu hop véi diéu kién dia hinh, dia chit,
cong suat mo.

Hién nay, viéc Iya chon HTKT cho cac mé d4 VLXD van chu yéu dua vao kinh nghiém
cua nguoi thiét ké, can ctr vao diéu kién dia hinh, tai liéu dia chit m6 ma don vi tu van s& dua
ra cac phuong an mé mé va HTKT s& ap dung cho mo. Nhu vay, viéc Iya chon HTKT van
chwra phan tich cu thé cac chi tiéu kinh t&, mirc ddu tu, quy mé khai thac, ciing nhu cac van dé
lién quan t&i an toan trong qua trinh khai thac.

ba tur 1au, viéc nghién ctru cong ngh¢ khai thac da da dugc cac tac gia nguoi Nga, My,
Australia, Canada... thyc hién. Trong do, cac gia nguoi Nga la mdt trong nhitng nguoi di tién
phong m& dudng cho khoa hoc cong nghé khai thac mo ra doi va phat trién [3-9], véi nhiéu
cong trinh nghién ciru khoa hoc sang tao. Tuy nhién, da phan cac nghién ctru nay déu str dung
mot sb dau hi¢u nhu: vi tri bai thai (bai thai trong, bai thai ngoai, bai thai hon hop), hudng
phat trién cua cong trinh mo theo mit cit dung (xuong sau, khong xudng sau), sd lugng bo
cong tac (mot hodc hai bo cong tac), huong phat trién cta tuyen cong tac trén binh dd (doc,
ngang, ré quat, vanh khuyén), vi tri twong ddi cta tram nghién so voi bién gidéi mo (tram
nghién dat trong md, ngoai mo, dit trén bo mé va tram nghién ty hanh theo may xtc), ....
Nhu vay, cac nghién ctru ndy da xay dung cac mé hinh cong nghé moé phu hop voi diéu kién
dia hinh, dic diém dia chat, thiét bi khai thac mo, noi ma ccac tac gia nghién cru mot cach ti
mi.. Dau hiéu phan loai cong nghé thong qua HTKT chu yeu dua vao ddi tuong xuc boc chinh
trén mo 16 thién 1a dat da thai. Vi hau hét cac mo nay déu c6 16p dat pha day, khéi lwong dét
da boc 1on, bai thai va vi tri cua n6 débng mot vai tro quan trong trong hoat dong khai thac cua
dang moé nay. Vi thé, ma cac phan loai cong nghé khai thac thong qua HTKT cia cac cong
trinh nghién ctru ngoai nude chua du dé co thé ap dung vao cac dang mo da VLXD cua Viét
Nam. Dé c6 thé Iya chon HTKT hop 1y 4p dung cho cic mo dd VLXD c6 diéu kién dja hinh
phuc tap ¢ Viét Nam, can ¢6 nghién ctru lya chon va ké thira nhirng mat dat dugc cua cac
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nghién ctru vé HTKT cua cac tac gia trong nudc va nude ngoai, loai bo nhimg yéu tb khong
phu hop dong thoi bd sung cac yéu t6 con thiéu dé c6 duoc HTKT phu hop dap Gmg yéu cau
phat trién bén virng ngudn ¢4 VLXD & nudc ta hién nay.

O Viét Nam, nganh cong nghiép khai thac noi chung, khai thac d& VLXD noi riéng bat
dau phat trién tir thap nién 60 nhung thuc sy khoi sac khi dt nude budce vao thoi ky d6i moi.
Thoi gian dau, cac mo khai thac d4 khai thac theo kinh nghiém ma chua c6 thiét ké. Xuat phat
tir cac yéu cau ciia thuc té clia san xuét, rit nhidu cac cong trinh nghién ciru vé khai thac mo
noi chung, cong ngh¢ va ky thuat khai thac da VLXD noi riéng da dugc cac nha khoa hoc
trong nudc dua ra, gop phan vao viéc nang cao hiéu qua khai thac d4, giam thiéu cac rui ro
mAt an toan, ciing nhu giam gia thanh khai thac, .... Cac cong trinh nay kha da dang vé sb
lwong ciing nhu khia canh nghién ctru, bao gdm cac bai giang, gi4o trinh, sach tham khao,
sach chuyén khao, cac luan an tién si, luan van thac si va cac dé tai cac cép, L [10-16].

Trong nghién ctru [10], tac gia da trinh bay kha chi tiét cac van dé lién quan t6i cac khau
cong nghé khai thac, cong tac ché bién ciing nhu cac van dé lién quan dén kinh té-t6 chirc
doanh nghiép khai thac da. Tuy nhién, cong trinh chi la sy téng hop, ké thira cac nghién ctru &
nudc ngoai vé linh vuc khai thac ¢4 VLXD ma chwa di sdu nghién ctru, dé xuét cac cong nghé
k¥ thuat méi pht hop véi cac diéu kién khai thac cu thé & Viét Nam.

Trong nghién ctru [11], trén co s& phan tich cac phwong an HTKT c6 thé ap dung cho cac
mo d4 voi diéu kién dia hinh d6i nii, tic gia chi ra: Phuong an HTKT khau tw do, HTKT khiu
theo 16p dumg cét tang nho 1a cac phuong phap ton tai nhiéu rai ro vé an toan cho ngudi lao
dong va khong co kha ning co gidi qua trinh san xuat, khong thé ting ning suat mo khi can
thiét; Phuong an HTKT khau theo 16p bang xtc (gat) chuyén va HTKT khau theo 16p bang
van tai tryc tiép 1a cac phuong an c6 kha nang co gidi cac khau cong nghé ciing nhu an toan
cho ngudi lao dong va co thé ting cong suat khai thac khi can thiét. Tuy nhién, HTKT hop ly
cho cic mo da VLXD c6 diéu kién dia hinh phirc tap van chwa duoc dé cap trong nghién ciru
nay.

Duya trén két qua tong két va danh gia hién trang khai thac da voi xi mang ¢ Mién Bic,
[12] da dua ra bang phan loai HTKT cho cac mo kiéu suon ndi véi 3 nhom chinh (Bang 1)
ciing nhu di xay dung dong bo thiét bi véi 2 nhém mo theo cong suét (cac mo co cong suét
dudi 200.000 m*/ndm va cac mo c6 cong suét trén dudi 1 triéu m*/ndm). Tuy nhién, pham vi
ctia nghién ctru ndy chi giéi han cho cac moé d4 voi xi ming kiéu d6i nai & Mién Bic ma chua
dua ra dugc HTKT hop 1y cho cac mé da VLXD co6 diéu kién dja hinh nti cao, doc dung, di¢n
tich khai thac nhé hep trén toan qudc.

Bang 1. Phan loai HTKT cac mo da voi cia Lé Thi Thu Hoa [12].

Nhom Phuwong phap khiu Phuong thirc vén tii

. . Van tai tryc tiep bang co gisi
1 Khau theo 16p bang o o
Van tai qua sudn nui (giéng, mang)
. . . Chuyén tai bang nang luong nd min
2 Khau theo 16p ding (khong van tai trén tang) N .
Chuyén tai bang co gidi

3 Khau hdn hop Phéi hop giita hai nhom 1 va 2

Trong nghién ctru [13-16], tac gia da chi ra nhilng mat han ché, chua phu hop cua HTKT
khau theo 16p ding, cit tang nho, chuyen tai bang ning luong chat nd. Qua do, tac gia dé xuét
phuong phap xac dinh cac thong s6 1am viée cia HTKT khau theo 16p dtng, chuyén tai bang
ning luong nd min duéi s hd trg boi phan mém Rocfall. Tuy nhién, nghién ctru ndy méi chi
tap trung xac dinh cac thong s6 HTKT mo da theo tidu chi an toan ma chua dua ra duoc
HTKT hop ly dua trén viéc danh gié toan di¢n céac yéu td anh huong dén viéc lua chon HTKT
cho mo da VLXD.
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Nhu vy, c6 rit nhidu nghién cru khac nhau vé HTKT mo da VLXD trong va ngoai
nuée. Viée lua chon HTKT cho cac mé da VLXD van cha yéu duva vao kinh nghiém cua
nguoi thiét ké, diéu kién dia hinh, tai liéu dia chat tham do ciia mo. Nhu vy, viéc lwa chon
HTKT van chua phén tich cu thé cac chi tiéu kinh té, mirc du tu, quy mo khai thac, cling nhu
cac van d¢ lién quan tdi an toan trong qué trinh khai thac. Ciing nhu, chua c6 cong trinh
nghién ctru ndo dua ra cac tiéu chi cy thé va day du dé 1a co so Iwa chon ding HTKT nham
dam bdo an toan va nang cao hi¢u qua khai thac cho cac mo d4 VLXD phure tap ¢ nudc ta hién
nay. Trudc thyuc té trén, nhom tac gia da tién hanh nghién ctru lva chon HTKT hop 1y cho cac
mo6 d4 VLXD duya trén co s¢ phan tich, danh gia dﬁy du cac yéu td: dia hinh khu mo, diéu kién
dia chit, san lugng da yéu cau, déng b thiét bi ciia mé, céc yéu cAu vé an toan, ... Thong qua
viéc danh gia cac chi tiéu kinh té—k¥ thuat ctia cac phuwong an HTKT dugc dé xuat cho mo,
nghién ctru s& lwa chon duoc HTKT hop 1y cho mo dam bao cac tiéu chi vé an toan, dung ky
thuat va c6 hidu qua kinh té. Két qua ctia nghién ctru duoc ap dung dé lya chon HTKT hop 1y
cho khu 2 mo da vo6i Lam Son.

2. Phuwong phap nghién ciru

Trong phan ndy, tac gia s& tién hanh danh gia tong quan cac yéu td anh hudng dén viéc
lya chon HTKT cho cac mo da VLXD. Trén co s¢ phén tich diéu kién khai thac khu 2 mo da
Lam Son, nhém nghién ciru dé xuit cac phuong an HTKT c6 thé 4p dung theo diéu kién dia
hinh, dia chat khu mé, san lwong moé yéu cau, ... thong qua viéc danh gia bd sung cac chi tiéu
kinh té cua céc phuong &n HTKT co6 thé ap theo diéu kién ké trén, sé lua chon dugc HTKT
hop 1y cho khu 2 mé d4 véi Lam Son dap tng dugc cac tiéu chi dé ra va gop phan phat trién
bén vitng trong khai thac ¢4 VLXD.

2.1. Phdn tich cdc yéu té anh hwdng téi hiéu qua hé thong khai théc

Su thanh cong cua mdt du an khai thdc mo da VLXD 1a viéc lya chon chinh xac HTKT,
viéc lya chon sai s& dan dén hé qua 16n trong qua trinh khai thac nhu: thiéu an toan, ning suat
lao dong kém, anh hudng lau dai tdi toan bd thoi gian cia du an. HTKT mé phu thudc céac yéu
t6 nhu: diéu kién dia hinh, d6 cao va muc do phte tap cua dia hinh, vi tri cia khu md, chiéu
day cac 16p da voi, hé théng nit né, goc cdm cua than khoang, dong b thiét bi mo, quy mé
san lugng, quy md va mirc do dau tu ciia chii doanh nghiép,....

2.1.1. Anh huong cua dia hinh téi vi¢e lya chon HTKT

a. Anh huong cta diéu kién dia hinh dén lya chon hé thong khai thac

Piéu kién dia hinh khu mé 1a mot yéu td quan trong hang dau anh huong dén viéc lua
chon HTKT mé. Cac mo da VLXD & nude ta co diéu kién dia hinh kha da dang va c6 sy sai
khac vé do chénh cao, do doc sudn nui, dién tich dinh ndi, .... Diéu kién dia hinh cu thé 12 d6
chénh cao ctia nai da voi, goc dbc, hinh dang va kich thuéc cuia mo da voi 13 yéu t6 co ban
nhét anh hudng dén viéc lya chon HTKT. Ddi v6i cac moé da VLXD dang ddi nbi, dé tién
hanh khai thac cac mo nay ta can tién hanh khai thac theo cac tang, trinh tu khai thac c6 thé
theo timg mirc khai thac (khai thac theo 16p bang) hodc co thé khai thac dong thoi trén nhidu
murc (khau theo 16 dimg). Do d6, dé khai thac duoc ta can dua thiét bi nhu may khoan, méy
xtc, thiét bi vén tai 1én vi tri khai thac. P chénh cao ctia mo, do ddc cta suon ndi anh
hudng dén viéc 1am dudng dua thiét bi 1én tién hanh khai thac. Vi cac diéu kién dia hinh cu
thé thi theo diéu kién k¥ thuat co thé ap dung cac HTKT twong ng nhu sau:

Ddi véi cdc mé nui cao, dia hinh dbc, dién tich hep: do chiéu cao 16n rat khé dua céc thiét
bi tiép can 1én dinh nui dé bat ngon. Do d6, HTKT phu hop cho cac mé dang nay 1a HTKT cit
tang nho dat d4 sau nd min duoc chuyén tai bang nang luong chit nd hodc HTKT khau theo
16p xién—xtic chuyén (gat chuyén) da sau khi lam toi bang may xiic, hay may gat.
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Ddi véi cae moé nii cao trung binh, dia hinh dbc vira, dién tich trung binh: cén clr vao dac
diém dia hinh cu thé thi HTKT c6 thé duoc st dung cho cac mo nay 1a HTKT hon hop: Phan
phia trén cua mo da lua chon HTKT cit tang nho dat da sau nd min dugc chuyén tai bang
nang luong chat nd; HTKT khau theo 16p xién, xtic chuyén dat da qua suon nui; HTKT 16p
bang xtic chuyén; Phan phia dudi ctia nui d4 thuong ap dung HTKT khiu theo lop bang, da
sau khi duoc 1am toi s& duoc van chuyén truc tiép tir gwong khai thac t6i vi tri ché bién bang
thiét vi van tai.

Déi voi cac mo nai thzip, dja hinh thoai, dién tich 16n: do diéu kién dja hinh thuan lgi cho
viéc lam dudng dwa thiét bi 1én khai thac. Do do, HTKT phu hop cho cac mo co diéu kién dia
hinh nay 1a HTKT lép bang vén chuyén tryc tiép trén tang..

b. Anh hudng cua diéu kién dia hinh dén cong tac mo mo

Dé khai thac cac mo da VLXD dang d6i nui tiry thudc vao phuong thire vén tai da sau nd
min ma can xdy dung tuyén duong van tai truc tiép hodc duong thiét bi tiép can vi tri khai
thac dau tién ctia mo. Céc yéu té dia hinh mé da anh huong rat 16n t6i cac thong sb cua tuyén
dudng van tai trong mo ciing nhu khdi lugng dat da can phai boc, chi phi xay dung co ban,..
DBuong trén mo dugc dac trung boi cac thong s6 chinh nhu: d6 dbc khong ché, chiéu rong,
chiéu dai, s6 1an d6i hudng, ban kinh cong t6i thiéu, doan dai chuyén tiép, tric ngang, .... Cac
thong sb nay chiu anh hudéng 16n boi didu kién dia hinh khu mé nhu sau:

Do ddc khéng ché cua tuyén dudng van moé duoc xac dinh theo diéu kién cong suat dong
co cua b t6 va phai dam bao khéi lwong van chuyén qua hao chinh, dugc tinh theo biéu thirc
sau:

270.N.n
="+ ~®
K, W.L,

Trong d6 N la cong suat dong co, Kw; 1 1a hiéu sudt truyén dong cua dong co
(0,85+0,90); Ky 1a hé s6 bi cua 6 to; W, 1a khéi luong dat da van chuyén qua duong hao, t/ca;
L. 1a khoang cach an toan gitta cac 6 t6 khi chuyén dong, m; , 1 strc can chuyén dong co
ban cua 6 to.

Tuy nhién, trong thuc t& d6 doc khdng ché cua tuyén duong vén tai truc tiép bang 6 to
thuong dugce léy theo 1o = 100%o., theo diéu kién an toan thi i, = 60+80%o. Viéc liya chon gia tri
do dbc cua tuyén duong phu thude rat 16n vao diéu kién dia hinh khu mo, phuwong thirc van
chuyén va su thay d01 gi tri nay s& lam anh hudong dén khdi luong cong tic mé mo ciia mot
HTKT, chiéu dai tuyén dudng van tai, ciing nhu chi phi khai thac cia mo.

Mit khéc, dia hinh khu mo (d6 dbc cta sudn nui) c6 anh hudng rat lon dén tiét dién cling
nhu chiéu cao cta tuyén duodng van tai. Chiéu cao ctia hao ban hoan chinh & mot vi tri bat ki
ctia tuyén duong hao duoc xac dinh theo biéu thirc:

b()
= ,m
Cotgy —Cotga.,

(1)

)

Tiét dién cua hao la:

0,5*b,’ 2

= > 3)
Cotgy —Cotga,

Khéi luong hao chuan bi dang ban hoan chinh dao theo suon nai dugc tinh theo biéu
thirc sau:

Lb’ ;
= ,m’.
2(Cotgy —Cotga.,))

Trong d6 b, 1a chidu rong tuyén dudng hao, m; a, 1a goc nghiéng sudn hao, do; vy 1a goc
nghiéng suon nui, do.

(4)
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Theo biéu thirc (2), A3), @ thi chiu cao, tiét dién ngang, khéi luong dao cua tuyen
duong van tai phu vao diéu kién dia hinh ma cu thé hon la goc nghiéng suon nui.

Nhu vay, diéu kién dia hinh khu mo s& c6 anh hudng dén viéc lua chon HTKT ap dung
cho mo, chi phi m¢ mé cling nhu chi phi khai thac cua cac phuong &n HTKT.

2.1.2. Anh hudng cua dia chét t6i hiéu qua ap dung HTKT 19 thién

Cac mo phan bd khong tap trung ma phan tan theo timg khu vuc trong khu vue dja hinh
c6 ddi niii cao, suon doc dimg, phan cit phirc tap. Trong da voi ton tai nhidu hang hic Karst,
khe nut thudng cdm vudng goc voi mét phan 16p, ton tai nhiéu dut gay; Pa voi thudng phan
16p mong, day trung binh c6 goc cam tir 20-50°;

Tuy vao diéu kién thé nam cua cac 16p da voi, 46 bén cit cla cac mat phan 16p, huong
khai thac thi c6 thé xay ra trugt theo mat phan 16p. Hinh 2 dwa ra mot sb dang mo ciia cac mo
da voi tiry thude vao thé ndm 16p da voi va huéng khai thac nhu sau:

Ranh gii i a) b)

khai th, ¢

Ranh gii i
khai th, ¢

Khai tr- éng
khai th, c Khai tr- éng

khai th, ¢

Ranh gii i c) e Ranh gif i d)

khai th, c ‘%‘% khai th, ¢

T P,
R )
\ Wi\ Khai tr- éng _ Khai tr- éng

\ R khai th, ¢ \\ khai th, ¢

N

Hinh 2. Mot s6 dang mé cia cac moé da khu vuc Bic Trung Bo: (a) dang mo véi cau trac cac 16p da
vOi cdm nghiéng sau vao phia nui; (b) dang mé véi cau tric cac 16p da voi cam nghiéng vé phia khai
truong; (¢) dang moé véi cu trac cac 16p da voi phan 16p ndm ngang; (d) dang mo véi ciu triic cac 16p
da voi phéan 16p thang dtimg [17].

Qua day thdy rang dang mé hinh 2a véi ciu triic cac 16p da cam nghiéng sau vao nui.
Viéc mat on dinh cia mo dang nay khong phu thuc vao mat phan 16p ma phy thu¢e chu yeu
vao goc cam ciia l6p da voi. Néu cac 16p da voi cam doc qua co thé xay ra trugt theo dang a6
(hinh 3a). Ta thdy rang dang mo hinh 3b 1a /dang mo vei cau truc cac 16p da cam vé phia khai
truong. D6i v6i dang mo nay thi viéc mat on dinh xay ra chii yéu theo mat phan 16p va truot
c6 thé  xay ra khi ma goc nghiéng ctia mit phan 16p nho hon géc nghiéng cua goc bd cong
tac. Cac dang truot c6 thé xay ra 13 truot dang ném (hinh 3b) va truot dang phéng (hinh 3c).
Con d6i véi dang mo hinh 2¢ va hinh 2d véi cac 16p da phan 16p ndm ngang va phan 16p thang
ding. Mit phan 16p khong anh hudng gi dén viéc mét on dinh.



Tap chi Khi twong Thiiy van 2022, 742, 75-86; doi:10.36335/VNJHM.2020(742).75-86 81

Hinh 3. Cic dang truot 15 ¢ thé xdy ra trén
cac mé da voi: (a) Truot theo dang db; (b)
Truot theo dang hinh ném; (c¢) Truot theo
dang phing [18].

Do d6 v6i thé nam cua cac 16p dét da anh huong dén viéc lua chon vi tri khai thac, trinh
tur khai thac trén mo. Khi mgt phan 16p ciia d4 voi cdm doc dimg vao khai truong véi goc
nghiéng cua mat phén 16p dao dong trong khoang 500, con goc nghiéng suon tang tir
700—750. Khi d6 cac 16p da voi bi cit chan nén rat nguy hiém xay ra trugt theo mat phan 16p
gy nguy hiém cho nguoi va thiét 1am viéc trén tang va dudi chan tuyén. Lic nay, can lya
chon hudng khai thac ciia cac guong ting nén khau dudi theo cac phan 16p da voi, qua d6 gop
phan khic phuc tinh trang cac 16p d4 voi trugt vao phia khai truong va dat ¢a n6 ra mic do
dap v& kém. Tién hanh khai thac theo mot s6 16p (theo trinh ty 16p ngoai khu trude, 16p
trong khau sau) va phat trién doc theo duong phuong cta 16p sao cho khi mot 1an khau du
chiéu rong dé bé tri mot hang min hop 1y.

2.2. Nghién ciru lya chon hé thong khai théac hop 1y cho khu 2 mé da véi Lam Son

2.2.1. Pic diém dia hinh, dia chat khu vuc nghién ctru [19]

Khu vye nghién ctu 1a khu 2 mé voi Lam Son c¢6 dién tich 6,9 ha thudc xa Ha Vinh,
huyén Ha Trung, tinh Thanh Hoéa, dugc xac dinh trén Hinh 4.

Hinh 4. M5 hinh 3D cua khu 2 mé da v6i Lam Son do v& bang UAV.
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Hinh 5. Mit cit dat trung khu 2 mé d¢a Lam Son.

Khu 2 ndm vé phia Bic khu mé d4 v6i Lam Son c6 dia hinh twong ddi phirc tap thap nhét
12 425 m va cao nhét 1a +200 m, dién tich khoang 6,9 ha. Chiéu dai khu mé 1a 283 m, chiéu
rong khu mo 1a 278 m. B9 dbc tir dinh muc xuéng thé hién Hinh 6.

Dang dia hinh chinh tai khu vuc nay 1a dia hinh nai da 16m chém, bao gém nhiing dinh
nui cao, nhon, sudn ddc xép lién tiép nhau kéo dai theo hudng Tay Bic—Dong Nam, xen giita
cac dinh nui 1a cac khe hém va phéu karst. Cac dinh nti nhon, suon dbe Xép sat bén nhau tao
ra mQt dang dia hinh dac biét hiém tré.

Khu vire nghién ctru bao gdm céc thanh tao dia chét c6 ngudn gdc, thanh phan va phan
bd tir trén xudng nhu sau:

- Cat, bot, sét thudc h¢ dé tir (Q) phan bd & céc thung liing nhé gitra nui, khu vuc c6 dia
hinh triing thudc trung tdm khu tham do va & ven cac chan nui da, chidu day thay doi tir 1,0
dén 5,0m. DAt c6 mau x4m nau, xam den. Trang thai dét b roi, khi gip nudc dé sut lun va
truot 10.

- P4 voi thudc hé ting Pong Giao (T2adg) phan bd trén phan 16n dién tich tham do. Pa
c6 céu tao phan 16p day dén dang khdi, thé nam don nghiéng, thé nam thay doi 210-220° £
45+70° chung tao thanh dai nai cao trung binh. Trang thai cia da kha ran chic, bi nit né
manh, it c6 hang hdc Karst, nhung van dé bj sat 10 theo mat 16p trong qué trinh khai thac sau
nay.

Maic du trong qué trinh tham do khong phét hién duogc hién tugng trugt 1& nao dang ké,
song qua quy md phan bd va dic diém dja chét néu trén cho thy hién tuong sat c6 thé xay ra
trong qua trinh khai thac sau nay. Do tic dong ciia hoat ddng nd min khai thac gay nit né dat
da, cing anh hudng cua trong luc va nuée mua lam giam mirc do lién két cua dat da gy ra
hién tuong trugt 16 bd moong khai thac, hay c6 hién tugng tang 1an cuc bo, dé khic phuc van
dé nay khi khai thac goc déc bo moong phai nhé hon giéi han cho phép.

2.2.2. Nghién ctru ap dung hé thong khai thac cho khu 2 mo d4 voi Lam Son

2.2.2.1. Phuong an hé thong khai thac

Khu 2 mo d4 voi Lam Son cach 450 m vao dén khu vuc nghién déap, dau duong két nbi
v6i khu vuc nghién dap 1a +32 m tai vi tri cach cum nghién dap 1a 30 m, dia hinh chénh cao
dén khu vyc dinh cao nhit 1a +200 m, dia hinh twong d6i dbc tir mirc +80 m dén +200 m 1a tir
66-85% (Hinh 5). Do d6 khong thé du chiéu dai, d6 déc dé bd tri tuyén dudng van tai dén
muc cao dugc. Khu 2 dugc giao khai thac dat san lugng khoang 1 tri¢u tan/nam. Do vay, md
Iira chon HTKT hdn hop gdbm HTKT khau theo 16p bang van tai truc tiép phan dudi va HTKT
khau theo 16p bang, xuc (gat) chuyén phan trén. Trén co s¢ nghién ciru dia hinh khu mo, kha
ning ap dung cua HTKT véi kha nang cong suét ciia mo, dé xuat hai mirc ap dung chuyén dbi
HTKT.
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Hinh 6. M6 hinh phan tich d6 dbc, cao do khu 2.

- Phuong n 1: Sir dung HTKT khau theo 16p bang xuc (gat) chuyén tir mirc +170 m dén
mirc +100 m va HTKT khéu theo 16p bang van tai truc tiép tir mirc +100 m dén muirc két thic

khai thac +80 m.

- Phuong an 2: Sur dung HTKT khau theo 16p bing xuc (gat) chuyén tir mtrc +170 m dén
mirc +120 m va HTKT khau theo 16p bang van tai truc tiép tir mirc +120 m dén mirc két thiic

khai thac +80 m.

2.2.2.2. Trinh ty khai thac hai phwong 4an HTKT hén hop
Trinh ty khai thac cia 02 phuong an HTKT cho khu 2 mo6 da Lam Son dugc thé hién tai

Bang 2.

Bang 2. Trinh tu khai thac ctia hai phuong an HTKT cho khu 2 mé da Lam Son.

Trinh ty khai thic theo HTKT hén hop phwong 4n 1

Trinh ty khai thac theo HTKT hén hop phwong an 2

Sau khi hoan thanh cong tac xay dyng co ban, qua
trinh khai thac chia lam 2 giai doan:

— Giai doan 1: Ap dung HTKT khéu theo 16p bang,
xuc (gat) chuyén, d4 voi dugc nd min trén ting, duoc
may xtic (may gat) xuc chuyén d6 xudng bai xtic
+100m. O day may xic s& tién hanh xtc 1én phuong
tién van tai van chuyén vé khu nghién dép.

— Giai doan 2: Sau khi khai thac dén muc +100, mo
4p dung hoan toan HTKT khéu theo 16p bang van tai
truc tiép. Sau khi da v6i dugc pha v&, dugc xtc 1én

phuong tién tién vén tai va trd vé khu nghién dép.

Sau khi hoan thanh cong tac xay dyng co ban, qua
trinh khai thac chia lam 2 giai doan:

— Giai doan 1: Ap dung HTKT khéu theo 16p bang,
xuc (gat) chuyén, da voi duge nd min trén tﬁng, duoc
may xtic (may gat) xuc chuyén d6 xudng bai xtic
+120m. O day may xic s& tién hanh xtc 1én phuong
tién van tai van chuyén vé khu nghién dap.

— Giai doan 2: Sau khi khai thac dén murc +120m, mo
4p dung hoan toan HTKT khéu theo 16p bang van tai
truc tiép. Sau khi da v6i dugc pha v&, dugc xtc 1én

phuong tién tién van tai va tro vé khu nghién dap.

Dé Péanh gia va lwa chon phuong an khai thac hop 1y, tac gia da t1en hanh tinh toan va
danh gia hiéu qua kinh té cac phuong an HTKT theo cac chi tiéu kinh te nhu tong murc dau tu,
gia thanh khai thac, 191 nhuan, gié tri hién tai thuan, thoi gian hoan von,... Day 1a co so quan
trong trong viéc lira chon HTKT hop 1y cho mé. Hiéu qua kinh té cia HTKT khai thac hdn
hop theo phuong an 1 va 2 dugc xéac dinh trong bang tong hop kinh té Bang 3.
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Bing 3. Bang tong hop kinh té k§ thuat phuong an.

Chi tiéu Ponvi Phuwong dn1 Phwong an 2
Téng san lwong da voi nguyén khai 103 tan 4.700 4.700
Téng mirc dau tu 103 dong  76.904.811  79.460.534
Téng doanh thu 106 ddng  459.399 459.399
Tdng chi phi SX—KD 106 dong  432.580 429.634
Gia da voi d/m? 260.000 260.000
Gi4 thanh binh quin d/m? 244.822 243.154
Loi nhuan trude thué 106 dong  26.819 29.766
Loi nhuan rong (Pn) 106 dong  17.294 19.814
Gia tri hién tai thuan (NPV) 106 dong 1.917 2.792
Ty suat hoan v6n ndi bo (IRR) % 15,8% 16,4%
Lai vay ngan hang %/mam 6% 6%
Thoi han hoan vén (T) nim 1,51 1,46

Qua danh gia vé k¥ thuat chon dugc 2 phuwong an phi hgp voi HTKT hdn hop phu hop
v6i diu kién dia hinh, céng suit mo. Qua danh gia vé ky thuat nhan thy phuong an 2 la
phuong an dem lai hi¢u qua hon qua mét loat chi s6. Mac du vbn dau tu nhidu hon 2,5 ty
dong, nhung chi phi khai thac thap hon, dan tdi loi nhuan dong nhiéu hon 2,5 ty déng va thoi
gian thu hoi vén nhanh hon 6 thang.

3. Két qua va thao ludn

Su thanh cong ciia mét du an khai thac mé d4 VLXD 1a viéc lya chon chinh x4c HTKT,
viéc lua chon sai s& dan dén hé qua 16n trong qua trinh khai thac nhu: thiéu an toan, nang suét
lao dong kém, anh hudng l4u dai toi toan bo thoi gian ciia du an. Hién nay c6 rat nhiéu HTKT
khac nhau da duoc nghién ctru trong va ngoai nudce co thé ap dung cho cac moé da VLXD &
nudc ta hién nay. Tuy nhién, chua c6 mot cong trinh nghién ctru nao dua ra cac tiéu chi cu thé
va ddy du dé 1a co so lya chon ding hé thong khai thic nhdm dam bao an toan va nang cao
hi¢u qua khai thac cho cic mo da c6 diéu kién dia hinh nii cao, dc ding, di¢n khai thac nho
hep.

Nghién ciru da phan tich ddy dii céc yéu t6 dnh hudng dén viéc lwa chon HTKT cho céc
mo da nui cao, dia hinh phtrc tap nhu cac diéu kién dia hinh, cac diéu kién dia chat ctia mo,
cac yéu cau vé an toan—moi trudng trong qua trinh khai thac, cac yéu cau vé san lugng mo,
mirc dau tu cua doanh nghiép mo....Qua d6 dua ra cach tinh chon HTKT c6 kha ning ap
dung dya trén dia hinh, céng suit va hiéu qua kinh té dem lai khi 4p dung cac HTKT.

Trén co s¢ phan tinh toan di¢n cac yéu td anh huong dén viéc lya chon HTKT cho khu 2
moé da Lam Son nhu: diéu kién dia hinh, diéu kién dia chét, goc ddc sudn nui, yéu cau vé san
luong, ty sudt dau tu, ... nghién ctru da dé xuét 02 phuong an HTKT c6 thé ap dung cho mo,
thong qua viéc danh gia cac chi tiéu kinh té—k§ thuat cia 02 phuwong an dé xuat, nhom nghién
ctru d3 Iira chon duoc HTKT hop 1y cho mé dam bao hai hoa giira cac tiéu chi vé an toan—mai
truong, ding ky thuat, c6 hiéu qua kinh té va phu hop voi thue té san xuatla phuong an mo
str dung HTKT khau theo 16p bang xuc (gat) chuyén tir mirc +170 m dén mirc +120 m va
HTKT khau theo 16p bang van tai tryc tiép tir mirc +120 m dén mirc két thiic khai thac +80 m
1a phwong an dem lai hiéu qua hon cho khu 2 mé da Lam Son qua mdt loat chi sb. Mic du von
dau tu nhiéu hon 2,5 ty dong, nhung chi phi khai thac thap hon, dan t6i lgi nhuan dong nhiéu
hon 2,5 ty dong va thoi gian thu hdi vén nhanh hon 6 thang.

Phat trién bén vimg nganh céng nghiép khai thac ¢4 VLXD la tat yéu trong bbi canh suy
thoai moi truong nhu hién nay, vi¢c lya chon HTKT cho mé d4 VLXD can hudng tdi dam
bdo hai hoa cac muyc ti€u phat trién bén virng vé kinh té—x3 h§i—méi truong. Tuy nhién, viéc
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lwa chon HTKT cho cac mo da VLXD ¢ nude ta hién nay van chii yéu dwa vao kinh nghiém
ctia don vj thiét ké, diéu kién dia hinh, tai liéu dia chit, mirc d6 dau tu, yéu cau vé san luong
mo, ... ma chua danh gia toan dién 1a co s¢ lya chon dung HTKT nhiam dam bao an toan va
nang cao hiéu qua khai thac cho cac mé da co diéu kién dia hinh ni cao, doc dtng, di¢én khai
thac nhd hep.

4. Két ludn

Mot trong nhiing nhiém vu quan trong khai thac mo d4 VLXD la lya chon HTKT phu
hop vi viéc khong cha ¥ dén van dé nay co thé phat sinh nhiéu van dé trong qua trinh khai
théc, ddn dén cac khoan phi phat sinh cho cht mo hodc ¢6 thé 1a nguyén nhan mét an toan cho
ngudi lao déng, giam ning suit lao dong, anh hudng 1au dai toi toan bo thoi gian ton tai cla
mo. Do do, viéc lya chon HTKT mo6 da VLXD dugc coi la mot quyét dinh chién lugc vé mit
kinh té, k¥ thuét va an toan vi lwa chon phu hop s€ mang lai nhiéu loi nhuén hon va nguoc lai.
Pé lya chon duge HTKT hop 1y cho mo can dya trén cac déac diém cua mo va théa mén muc
tiéu phat trién bén vitng nganh cong nghiép khai thac. Do sy phue tap vé hinh hoc va dia chét
clia cac mo da voi, nén khong thé su r dung mét phuong phap lua chon duy nhét cho tt ca cac
loai hinh mé d4 voi, vi vay trong mdi diéu kién cu thé cua mo can linh hoat va phén tich day
du cac tiéu chi lyu chon HTKT dé dua ra phuong 4 an t6i rru nhat cho mo.

Tuy nhién, trong nghién ciru nay chwa giai quyét duoc bai toan 13 xay dung  bo tiéu chi,
cac yéu td anh huong dén phuong an hé thong khai thac mé da VLXD ciing nhu chwa danh
gia, so sanh dugc muc do quan trong cua tung ti€u chi. Viéc lya chon phuong an HTKT cho
cac mo da voi bang phuong phap dénh gia da tidu chi két hop v6i phuong phéap phén tich thir
bac s€ 1a hudng nghién ctru méi trong tuong lai.
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Research on selection of reasonable mining system for the zone I1
at Lam Son limestone quarry
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Abstract: Selection of a reasonable mining system is one of the most important problems in
raw materials quarries. Wrong selction can cause many serious issues such as cost increase,
unsafety, labour efficiency reduction, lowering quarry life, or eventually changing quarry
mining design. This research analyzes completely the influencing fators on mining system
including terrain, geological condtions, hill slope, production requirements, investment
capital to propose two possible mining systems. Also, the economic and technical
comparisons between those two mining systems have been done in detail to select the
optimal one. The chosen method for the Zone II of Lam Son quarry is proven to be more
efficient with lower mining cost, more 2,5 billion VND of profit and a faster time of capital
recovery, etc.

Keywords: Lam Son; Mining system; Limestone quarry; Complex terrain; Labour safety;
Economical efficiency.
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Vai tro ciia hd Tonle Sap trong viéc cung cap nwéc viao ving Pong
bang song Ciru Long trong mua can
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Tém tat: Hién twong han han, thiéu nuéc trong mua can cua vung Pdng bang song Cuu
Long (BBSCL) dang ngay cang tr¢ lén nghiém trong vdi tan suat xdy ra lién tiép va mirc
d6 gay thiét hai dén kinh té x3 hoi tram trong hon. Do dic diém ngudn nudc mat cua vung
DBSCL phu thudc phan 16n vao ngudn nude tir ngoai lanh thd, vi vay can phai c6 nhimg
nghién ctru phén tich cac thanh phan tao nén dong chay mua can vao ving DPBSCL. Nghién
clru ndy s& danh gia vai tro ctia hd Tonle Sap dén dong chay mua can vao vung DBSCL
bang phuong phép thong ké va str dung mo hinh MIKEI 1HD. Két qua cho thdy vao cudi
thang 10, dong chay tur h6 Tonle Sap s& bat dau chay vé ha luu trong khoang thoi gian
khoang 180 ngay véi tong luong nude tir thang XI dén thang IV khoang 40 ti m3. Trung
binh tir thang XTI dén thang IV, ho Tonle Sap dong gop khoang 36% dong chay cho ha luu.
Thang 12 co ti 1¢ dong gop dong chay cho ha du lon nhat, con cao hon ca dong chinh. Pén
cubi muia can, ho chi déng gop cho ha du khoang 15% dén 16% trong tong lugng nudc vao
Viét Nam. Nho ¢6 hd Tonle Sap ma luu luong trén song Tién va song Hau trong cac nim
han dién hinh ting 1én khoang 15% dén 30%, gop phan day min cho ving PBSCL.

Tir khéa: Mé Cong; H6 Tonle Sap; Vai trd mua can; Pong bang séng Ctru Long (PBSCL).

1. Mé& dau

Dong chay mua can vao vung DBSCL dugc dong gop boi hai thanh phan chinh gom
dong chinh séng Mé Cong va hd Tonle Sap. Tuy nhién, nhiing nam gan day do mot s6 nguyén
nhan nhu tac dong ctia cac hién tugng thoi tiét cuc doan, sy phat trién cua hé thong ho chira
thiy dién khu vuc thugng va trung luu ctia luu vuc song Mé Cong va vi¢e khai thac, stir dung
nudc ca cac qudc gia thuong ngudn, dan dén dong chinh song Mé Cong trong miia can ngay
cang c6 xu thé can kiét hon so vé6i trude day. Hé qua 1a ving PBSCL dang thuong xuyén
phai dbi mat véi tinh trang han han, thiéu nude trén dién rong xay ra trong mua can nhu cac
nam 2015-2016 va 2019-2020 do sy bién d6i va suy giam dong chdy mua can ¢ dong chinh
song Mé Cong, ma vai tro dong gop dong chdy cua hd Tonle Sap cang tré 1én _quan trong
hon. Vi vay can c¢6 nhitng dénh gia cu thé vé kha niang déng gop dong chay cia hd Tonle Sap
vao vung DBSCL trong mua can.

Céc nghién ctru vé& ho Tonle Sap da chi ra cac dic diém cta hd nhu: trong mua khé nude
trong ho s& d6 vé ha du, nhung trong mua mua nude tir song Mé Cong s& chay ngugc vao
hd[1-8]; muc nude ciia hd Tonle Sap va dong chinh séng Mé Cong c6 quan hé chit ché voi
nhau [3, 7], trong mua kho khi khong dugc cap nude tir dong chinh, muc nude hd Tonle Sap
s& giam dan [5, 9], nguoc lai trong mua mua hd Tonle Sap s& dong vai tro tich trit nudc li
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gitip phan giam thiéu 1d lut cho khu vuc ha du cua séng Mé Cong [6, 8]; hé thong cac ho
chira dang 1am thay d6i ché d6 dong chay trén song Mé Cong, dién hinh nhu nghién ctru tac
dong cua 11 dap thuy dién trén song Lan Thuong da va dang 1am gidm luu lugng ca mua kho
14n mua mira & ha luu cta luu vuc [10], hay hé¢ thng thuy dién dong nhénh séng Sesan,
Srepok cung dang lam gia tang dong chay t6i thiéu ha du va lam giam 1d cho ha du [11-12];
cac quoc gia trén song Mé Cong dang 14y nudc ngdy cang nhiéu hon nham phuc vu cho cac
muc dich phat trién kinh té x4 hoi, nhu Cam Pu Chia d4 nang cap hé thong tudi tiéu cii va
xay dung méi hé théng kénh va hd chira boi su tai tro cia Trung Qudc, Nhat ban, Ngan hang
thé giéi va Ngan hang phat trién Chau A (ADB) [13], udc tinh hé thong nay sé& 13y di khoang
31% luong nude mua khod khu vuc ha luu séng Mé Cong va ha Iuu hd Tonle Sap [14]. Tuy
nhién céc nghién ciru nude ngoai chi méi danh gia dén dic diém cua hd Tonle Sap ma chua
dé cap dén vai tro cung cap nudc ctia hd Tonle Sap dén ving PBSCL. Mot s6 nghién ctru ¢
Viét Nam trudc ddy chi tap trung nghién ciru céc tac dong dong chay mua i ciia hd Tonle
Sap dén Viét Nam [1, 8], sau khi ving PBSCL x4y ra han han lich str nim 2015-2016 thi da
c6 mot sd cac nghién ctru lién quan phan tich dong chay mua can ciia hd Tonle Sap vao Viét
Nam [16-17], tuy nhién méi chi dung lai & viéc xac dinh lugng nudc tai hd Tonle Sap ma
chua xét dén kha nang déng gop nude cua hd vao ving PBSCL trong mua can. Bai béo nay
s& str dung phuong phap phén tich théng ké va mo hinh MIKE11HD dé danh gia vai trd cta
ho6 Tonle Sap dén dong chay mua can ving PBSCL.
2. Phuwong phap nghién ciru
2.1. Khu vuc nghién ciru

Hb Tonle Sap c6 luu vuc cht yéu nam & Cam Pu Chia, phan dién tich & Thai Lan chiém
5% dién tich Ivu vuc. Vi 11 nhanh chinh chay truc tiép vao hd cung cip mot ngudn nudc
quan trong khac. Tong dién tich luu vuc hd Tonle Sap 13 85.790 km?, xap xi 11% tong dién
tich toan luu vye. VUng mét hd ngap vinh vién trong mua kho c6 dién tich khoang 2400 km?,
Dién tich ving ngap lii quanh h6 t6i da trung binh 14 10.800 km? (khong bao gdom dién tich
hé vinh vién 2400 km?, cao nhat khoang 16.000 km?) [8].

(a) Mekong Basin (b) Tonle Sap Catchment
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Hinh 1. So db vi tri hd Tonle Sap [6].
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2.2. Phuong phap thu thap dir liéu

Cac s6 liéu st ' dung dugc thu thap trr du an cua Uy ban song Mé Cong Viét Nam, Uy hoi
song Mé Cong qudc té [18-20] bao gom s liéu thity van vé luu lwong myc nudc tai cac tram
dai dién gdom: tram Kratie, Kompong Luong, Prek Dam, Tan Chau va Chau Pdc dugc cap
nhat dén 2021.

2.3. Phuong phap nghién ciru

2.3.1. Nguyén tic chung

Phuong phap thong ké, phan tich hé théng duoc str dung nham tién hanh phan tich kha
nang dong gop dong chay cua ho Tonle Sap vao ving PBSCL trong mua can tir cac sd liéu
vé luu lvong, muc nude cua cac tram Kratie, Kompong Luong, Prek Dam, Tan Chau va Chau
Déc.

Bén canh d6, nghién ctru da ap dung mé hinh thuy lyc MIKE11HD duoc ké thira tir Dé
tai cap bo “Nghién ctru xay dung cong nghé canh bao sém ngudn nuwdc mua can va nguy co
han han cho Pdng bang song Ciru Long”, ma s6 TNMT.2020.02.02 d3 dugc hiéu chinh kiém
dinh dung dé mé phong dong chay vao Viét Nam qua Tan Chau va Chau Pdc cho 2 nam han
dién hinh 2015-2016 va 2019-2020 véi gia thiét ho Tonle Sap khong dong gop dong chay
mua can vao vung DBSCL.

S6 liéu thity vin Q,H: cic

tram Kratie, Kompong Dit liéu vé dia hinh,
Luong, Prek Dam, Tdn Chiu mit cit ngang song
va Chau Dée...

v

Phuwong phép phan Phuong phép md hinh
tich thong ké MIKEI1HD
Xay dung kich ban tinh toan

Y

K¢ét qua vé dic diém diéu tiét
nuée gom: thoi gian déng gop,
wong nwoc dong gop

Hinh 2. So d6 c4u tric nghién ciru.

Mo hinh MIKE11HD khu vire nghién ctru duoc thiét 1ap bao gdm toan b cac séng chinh
thudc h¢ théng song Mé Cong ctua Pong Bang song Ciru Long phia ha luu ho Tonle Sap va
tram Kratie dén hai nhanh song Tién (tram Tan Chau), song Hau (tram Chéau Déc) ra dén cac
ctra song. Véi s6 lidu dia hinh mat cit ngang gom trén 5000 mit cit ngang long song, trong
d6 song Tién trén 500 mat cat, song Hau trén 400 va cac song khac khoang trén 5000 mit cit
(Hinh 3).
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Hinh 3. So d6 mang thiy lyc khu vic ha lwu song Mé Cong.

Két qua hiéu chinh, kiém dinh mé hinh cho chi s6 NASH dat trén 0,85 thong qua gié tri
muc nudc tai 2 tram Tan Chau va Chau Boc. Nhu vay, mé hinh dép g tot cho bai toan tinh
toan vai tro cia ho Tole Sap dén dong chay mua can vao Viét Nam.

Hinh 4. Két qua hiéu chinh muc nude nam 2015-2016 tai tram: (a) Tan Chéau; (b)Chau Déc.

Tie Sares Ve Lo

e

I NASH = 048

@)

Hinh 5. Két qua kiém dinh muc nudc nam 2019-2020 tai tram: (a) Tan Chau; (b)Chau Ddc.
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3. Két qua va thio luin
3.1. Bdc tinh va dién bién muc nude cia ho Tonle Sap

~ baéc trung hinh thai ho thong qua quan hé dién tich, dung tich hd v6i myc nude hd duge
lay tai Kompong Luong (Hinh 6).

Pudng dic tinh hd Tongle Sap A, W-Z
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Hinh 6. Puong dic tinh hd Tonle Sap.

Bién dong cta dung tich trit 16n nhat cta hd kha 16n, tir 21 ti m® (ndm 2015) dén 68,6 ti
m? (nam 2011). Tuy nhién, luong trir & hd 16n nhit (Wmax) c6 xu thé giam (Hinh 7) va sau
nam 1998 pham vi bién d6i rong hon. Phan 16n (chiém 56,5%) nudc cua hd Tonle Sap co
ngudn gde tir dong chinh séng Mé Cong, cac nhanh song d6 vao hd dong gop 34%, trong khi
do mua dong gop 12,5%. Nhung c6 dén 88% tong luong nudc chay qua hd Tonle Sap )
xudng ha du, con lai chay tran trén ving ngap lii [3]. Nho hd Tonle Sap diéu tiét ma i xudng
ha luu diéu hoa hon va nguoc lai vao mua khd, mot lugng nudce 16n bu dap cho BbBSCL.

Dién bi&n Zmax, Wmax ho TonLe Sap
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Hinh 7. Dién bién muc nuéc va téng lugng 16n nhit ciia hd TonLe Sap.

3.2. Pac diem diéu tiet nuoc trong mua can cua ho TonLe sap

Hang nam, nudc tir hd Tonle Sap bat dau d6 vé PBSCL vao giira thang 10 va két thuc
vao thang 4 nam sau. Phan tich chénh léch myuc nudc trung binh ngay gitra hai tram: Prek
Dam (trén hd Tonle Sap ¢ ha luu ctra ra ctia hé) va tram KomPong Luong (dai di¢n cho muc
nuéce hd) dé xac dinh thoi gian ddo chiéu dong chay trén hd Tonle Sap (Hinh 8). Trong mot
nam, thoi gian chay xudi trung binh cta hd Tonle Sap khoang 180 ngay. Mua can 2015—
2016, thoi gian chay xudi ngin nhat, chi 95 ngay, khong bang 2/3 so vdi trung binh nhiéu
nam.
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Chénh léch myc nwéc trung binh ngay gilra tram Prek Dam va Kongpong Luong trung
binh th&i ky 1995-2021 va mua can 2015-2016.
Qua trinh Q, Z tai tram Ktatie va Kongpong Luong
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Hinh 8. Chénh 1éch myc nudc trung binh ngay gilta tram Prek Dam va Kongpong Luong.

Luong nudc trit duoc trong hd, chi yeu 1a do tir dong chinh Mé Cong chay vao trong
mua Id. Khi dong chinh dat dinh 1d 16n nhat nim nhung muc nude hd phai vé gan cudi mua
lii méi dat dinh, ¢ thoi diém chuyén tlep gilta dong chay nguoc va chdy xudi trén h6 Tonle
Sap. Quan hé gitta myuc nuéc 16n nhit ctua hd voi luu luong dinh 1t tai tram Kratie kha chat
(Hinh 9a). Vi vay, khi xac dinh dugc dinh 1d 16n nhét xuét hién trén dong chinh thi c6 thé
nhan dinh duoc quy mé luong nuée trit trong hdé Tonle Sap. Thoi ky 1i chinh vu cta séng
M¢é Cong tai Kratie thuong tir 20/7-15/10, c6 nghia trudc ngay 15/10 thuong la dinh I 16n
trén dong chinh két thuc thi c6 thé nhan dinh dwoc luong nude trit duge trong hd Tonle Sap,
khong can den dau thang 11 hang nam. Mat khac, myc nudc trung binh thang XI (dAu mua
can) c6 mdi twong quan 16n véi ‘muyc nude 16n nhit ciia ho (Hinh 9b). Piéu nay cho phép
danh gia som luong nudc chay vé ha du ciia hd TonLe Sap.

Quan hé& Zmax hd Tonglesap-Qmax Kratie Quan hé giita Zmax -Ztb thang XI hd Tonle Sap
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Hinh 9. (a) Mdi tuong quan gitta Zmax ho Tonle Sap—Qmax Kratie; (b) Méi twong quan giita Zmax —
Ztb thang XI ho Tonle Sap.

Trong mua can, lvong nudc hd Tonle Sap chay vé cho ha du thay d6i qua cac thang, phu
thudc kha chit vao muc nude hd ddu mua can (Hinh 10a). Dang dudng nude rat cua hd kha
tuong dong gilta cac nam, do d6 quan h¢ gitra myc nudce trung binh thang XI (dau mua can)
v6i thang I1I (gan cudi mua can) kha chat ché (Hinh 10b). Nhu vy, ngay tur dau mua can, co
thé danh gia duoc lugng nudc cung cip nudce cia hd Tonle Sap cho thang cu01 mua can (¢
day khong xét thang 4, vi thang nay dudng nudc rat chiu tac dong nhidu yéu t& khac nén
khong thé hién quy ludt chung).
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Burrng nurdre rit clia hd Tongle Sap tir 1985-2018 Quan hé giira Ztb thang Il -Ztb thang XI hé Tongle Sap
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Hinh 10. (a) Puong nude rat ciia hd Tonle Sap tir 1995-2021; (b) Mbi tuong quan Ztb thang 111 —
Ztb thang XI hd Tonle Sap.

Luu lugng tai tram Prek Dam, cira ra cua hd, dugc xem nhu 1a chay truc tiép ra tir hd
Tonle Sap. Phan tich s6 liéu luu lwong tai tram Prek Dam luu trit tai ngan hang di liéu trong
DSF [7, 8] ctia iy hoi Mé Cong cho thay:

- Dién bién luu lwong cac thang mua can khong c6 xu thé 1 rang (Hinh 11a), nhung tai
Kratie, sau nam 2000 luu lwong cac thang 1 dén thang 4 co6 xu thé tang rd rét (Hinh 11b).

Leru b che miia ean tai % Dam Luu lrgng cic thing mia cyn t3i Kratie
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Hinh 10. () Luu luong trung binh thang tai tram Prek Dam; (b) Luu luong trung binh thang tai tram
Kratie.

- Do dong chay mua can tai Kratiecac nam gan ddy c6 xu thé gia tang, dan dén ti 1¢ giira
dong chay cho ha du cua ho Tonle Sap so voi Kratie va tong dong chay cua Kratie va Prek
Dam c¢6 xu thé giam (Hinh 12).

Ti I % lwru lwgng céc thidng mia can tai Prek Dam Ti 1 % lwu lwgng cac thang mua can tai Prek Dam
so v&i Kratie so v&i tong lwu lrgng Kratie va Prek Dam
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Hinh 11. Ti 1€ Iuu lugng cac thang mua can tai Prek Dam so vai Kratie.
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Trung binh 6 thang mua can, hd Tonle Sap déng gop khoang 36% dong chay cho ha luu
va trong cac ndm can dién hinh 2015-2016, 2019-2020 ho chi dong gbp cho ha du khoang
dudi 25%. Thang 12 c6 ti 1& dong gbp dong chay cho ha du 16n nhit, con cao hon ca dong
chinh, sau d6 giam dan (Hinh 13). Pén cudi mua can, hd chi dong gop cho ha du khoang 15%
dén 16% trong téng dong chay. Diéu nay cho thiy trong muia kho luwgng nudce tir ho Tonle
Sap chay vé ha du c6 y nghia cuc ki quan trong cho ving déng bang song Mé Cong ndi
chung, cling nhu cho vung PBSCL néi riéng.

Ti 1&é dong gép dong chay ciac thang mia can tai Prek Dam
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Hinh 12. Ti 1& dong gop dong chay cac thang mua can ciia hd Tonle Sap.

3.3. M6 phéng dong chay vao Viét Nam khi ¢é va khéng c6 hé Tonle Sap

M6 hinh MIKE 11HD duoc ding dé mé phong dong chay vao Viét Nam ‘qua Téan Chéau
va Chau Péc cho 2 nim han dién hinh 2015-2016 va 2019-2020 véi gia thiét khong c6 hd
Tonle Sap. Muc dich 13 dé danh gia duoc sy bién d6i cia luu luong va téng lugng nudce vao
ving DPBSCL trong mua can khi khong c6 hd Tonle Sap théng qua viéc danh gia tai hai tram
Tan Chau va Chau Déc.

Déi vai kich ban mua can ndm 2015-2016, ¢ thé thay dong chay tai Tan Chau va Chau
Déc déu bi bién dbi trong miia can. Tong lugng nudce dén trung binh thang trong mua can
bién dbi rat 16n, trong d6 16n nhat 1a thang 1 v6i lugng nude giam 1én dén 60%, cac thang 4
vathang 5 dong chay tir hd chira Tonle Sap khong déng gop cho dong chay vao ving PBSCL.
Luu lugng trung binh mua can tai Tan Chau giam 32%, tai Chau D¢ giam 24% (Hinh 14).

Luru lirgng vao trung binh thing mia cqn tai Tén Bién ddi tong lrgng vao khi khong c6 16 so véi khi
Chau vi ChiuDoc nim 2015-2016 ¢6 ho TonLe Sap

«« o+« Tan Chdu_khéngco hd Tan Chauthycdo

Chau Béc_khangcd hd ChauBdcthucdo i T30 Chiu ChauDéc
Hinh 13. Bién ddi tong luong va luu luong tai Tan Chau va Chau Dc mua can 2015-2016.

Bang 1. Bién d6i luu lugng miia can nam 2015-2016 tai 2 tram Tan Chau va Chau Déc truong hop
tu nhién va khong c6 hd TonLe Sap.

5 Q Tan Chau (md/s) Q Chau Péc (m3/s)
Nim 2015-2016 - N - - Y -
Khoéng c6 ho Tonle Sap Tuw nhién Khéng cé ho Tonle Sap Tu nhién
11 6309,79 9524,35 1582,78 2060,88

12 2939,64 5656,73 626,62 1104,72
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5 Q Tan Chau (md/s) Q Chau Péc (m3/s)
Nam 2015-2016 ‘ " PR
Khong c¢6 ho Tonle Sap Tw nhién Khéng c6 ho Tonle Sap Tuw nhién
1 1138,39 3599,99 206,16 679,20
2 1702,67 2916,64 263,58 519,97
3 1772,36 2287,85 359,13 398,39
4 2763,14 3036,85 523,39 474,24
5 2863,65 2917,96 554,83 479,07

Déi véi kich ban mua can nim 2019-2020 c6 thé thay dong chay tai Tan Chau va Chau
Déc déu b bién ddi trong mua can. Tong lwong nudce bién ddi 10n nhat 13 thang 12 véi luong
nude giam 1én dén 26%, cac thang 3, thang 4 va thang 5 dong chay tir hd chira Tonle Sap
khong dong gop cho dong chay vao vung PBSCL. Luu lugng trung binh mua can tai Tan
Chau giam 16%, tai Chau Pdc giam 15% (Hinh 15).

Luru lrgng vio trung binh thing mia can tai Tan Bién doi tf)ng_lqu’ng vao khi khong c6 ho so véi khi co
Chéu va Chiu Docnam 2019-2020 ho TonLe Sap nam 2019-2020

TanChau_khéngcd hd Tan Chauty nhién
ChauBdc_khdngco hd ChauDacty nhign Tén Chau ChauDdc

Hinh 14. Bién di tong lwong va luu lugng tai Tan Chau va Chau Ddc miia can 2019-2020.

Bang 2. Bién d6i luu lugng mua can nam 2019-2020 tai 2 tram Tan Chau va Chau Déc trudong hop
tu nhién va khong c6 ho TonLe Sap.

Q Tan Chau (md/s) Q Chau Péc (m¥/s)
Nim 2019-2020 3 3
Khong c6 ho Tonle Sap Tuw nhién Khong c6 ho Tonle Sap Ty nhién
11 12344,03 16187,04 3208,64 3780,21
12 6769,17 9099,38 1127,35 1537,37
1 5129,60 5765,48 629,41 751,61
2 3418,73 3555,71 434,25 463,18
3 3052,64 3006,13 376,00 365,81
4 3642,46 3627,67 478,42 451,50
5 5191,78 5191,29 752,00 651,39

4. Két luan

Vai tro ctia Bién Hb ddi v6i dong chay ha luu trong mua kho la rat quan trong. Trung
binh trong cac thang Xl dén thang IV, luong nudce tir hd Tonle Sap cung cap cho ha du chlem
t6i hon 36% so véi tong lwong dong chay vao Viét Nam. Hang nam, hd x4 nudc xubng ha
luwu trong thoi gian khoang 180 ngay véi tong lugng nudc tir thang XI dén thang IV khoang
40 ti m3. Luong nudc trit ctia hd Tonle Sap c6 quan hé khé chit véi dinh 1i ndm trén dong
chinh séng Mé Cong va xu thé dudng nudc rat cua hd kha trong dong. Tuy nhién, nghién
ctru méi chi dimg & viée xem xét luong nuée ma hd Tonle Sap dong gop cho vung DPBSCL
thong qua hai tram Tan Chau va Chau Ddc, ma chua xem xét dén mirc do bién d6i vé luu
luong va myc nude tai cac tram bén trong vung PBSCL. Ngoai ra can c6 nghién ctru thém
ve sy gia tang lugng nudce trong cac thang I dén thang IV tai Kratie va vai tro cua ho Tonle
Sap trong vi¢c cap nudc day min cho PBSCL, dé gitp lam rd thém vai trd cung cip nudc
mua can cho ha du cia hd Tonle Sap.
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The role of Tonle Sap lake in supplying water to the Mekong
Delta in the dry season
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Abstract: Droughts and water shortages in the dry season of the Mekong River Delta are
becoming more and more serious due to their frequency of occurrence and causing more
serious socio—economic losses. Because surface water characteristics of the Mekong Delta
depend largely on water from outside the territory, it is necessary to have studies to analyze
the components that make up the dry season flow into the Mekong Delta. This study will
evaluate the role of Tonle Sap Lake on dry season flow into the Mekong Delta by statistical
methods and use MIKE11HD model. Base on the result, at end of October, the flow from
Tonle Sap Lake will begin to flow downstream in about 180 days with a total volume of
water about 40 billion from November to April. On average, from November to April, Tonle
Sap Lake contributes about 36% of the total flow volume to the downstream. In December,
the lake largely contributes the flow to the downstream, which is even higher than flow
contribution from the mainstream. By the end of the dry season, the lake only contributes
about 15% to 16% of the total flow downstream in Viet Nam. With contributions from Tonle
Sap Lake, the discharge on the Tien and Hau rivers in typical drought years increases from
15% to 30%, contributing to the prevention of salinity intrusion into the Mekong Delta.

Keywords: Mekong; Tonle Sap Lake; Role of dry season; The Mekong Delta.
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