N ,
T %TAP CHI -
‘2 J KHi TUQONG THUY VAN BlaCleconindates

Bai bdo khoa hoc
Ung dung md hinh MODFLOW xic dinh lwgng bo cap cho khai
thac nwée dwéi dat ving dong biang song Hong

Ping Tran Trung'*, Nguyén Thi Hoa?, Nguyén Thanh Kim Hué'3, Trin Pirc Thinh?,
Lé Viét Hung?, Pham Quy Nhén?

! Trung tdm Canh bao va Dy bao tai nguyén nudc; dtrung@gmail.com;
hoanguyen.dctv@gmail.com; nguyenthanhkimhue95@gmail.com;
tranducthinhtv@gmail.com

2 Pai hoc Tai nguyén mdi trudng Ha Noi; Ivhung@hunre.edu.vn; pgnhan@hunre.edu.vn

3 Trudng Khoa hoc Lién nganh va nghé thuat - Pai hoc Quéc gia Ha Noi,
nguyenthanhkimhue95@gmail.com

*Tac gid lién hé: dtrung@gmail.com; Tel.: +84-983397833
Ban Bién tap nhan bai: 5/2/2024; Ngay phan bién xong: 4/3/2024; Ngay dang bai: 25/6/2024

Tém tit: Dbng bang séng Hong (DBSH) dang khai thac khoang 1,5 triéu m*/ngay cha yéu
trong cdc tang chira nu6e (TCN) D¢ ta. Mot s6 dja phuong nhu Ha Noi va Nam Pinh da
xudt hién cac van de suy giam muyc nudc, sut lan dat, xam nhap man va 6 nhiém NDD. Viéc
bd cap NDD chu yéu dén tir cac ngudn khac nhau, bao gdm mua, tudi tiéu va hé thong song
hd. Mb hinh ba chiéu (3D) MODFLOW xay dung ¢ khu vuc nghién ctru va dugc hiéu chinh
v6i s6 liéu quan trac thyc té, két qua tinh toan can bang nudc tir mdé hinh MODFLOW cho
thdy luong bd cap tir mua va song dén cac TCN Pé ti. Trong d6 luong bd cap tdi da vao
mua mua (khoang 68% lugng mua) va t6i thiéu trong mua khé (khoang 10% luong mua).
Trong mua mua, h¢ thong song chit yéu bo sung cho cac TCN Dé tir, dong gop khoang 9,51-
17,36% vao tong can bang nude cia cac TCN. Dong chay tir cac TCN nut né ¢ ria bdn dong
bang dén cac TCN D¢ tr chi chiém mot lugng rat nho. Dé dam bao cong tac quan 1y, khai
thac NDP bén viing can phai xét xét dén vai tro ctia ngudn bd cap tu nhién cho NDP can
dugc danh gid mot cach toan dién, day cling 1a myc tiéu cua nghién ctru nay.

Tir khéa: BO cap nude dudi dat; Mo hinh MODFLOW; Tang chira nude B8 tir; Dong bing
song Hong.

1. Giéi thi¢u

B6 cap nude dudi dat (NDD) 1a qua trinh nude thém vao dat, tang luong trir luong NDD
[l] C6 ba loai bo cap cho NDD: 1) BO cép truc tiép xay ra khi d6 4m trong dat cao thim
xuong theo phuong thang dimg di qua déi khong bao hoa va xuong dén muc nudc ngam. ii)
B sung gian tiép xay ra khi nudc thim qua long song hodc hd iii) Bo cap cuc bd la qué trinh
thAm cta nudc xay ra ¢ cac khu vuc cy thé, nhu cac khép ndi, 16 héng, hd sut, hodc ranh
nude nhé [2, 3]. B6 cap NDD 1a mot thanh phin quan trong trong bai todn cin bang nudc
g6p phan vao viéc khai thac bén viing NDD trén mét luu vuc song. Bo cidp cho NDP mét
céch truc tiép 1a rat kho xac dinh [4]. Dé danh gia bd cap NDD can sir dung nhiéu phuong
phap va sau d6 so sanh két qua cua timg phuong phap véi nhau [5]. Xac dinh bd cap cua
NDD vao hé thong dong chay NDD khu vuc 1a can thiét cho muc dich quan 1y va kinh té [6,
7]. Ving PBSH véi dién tich trén 21260 km? gdm 11 tinh thanh phd, 1a mét trong hai dong
bang 16n nhat vi mat ¢ dan sb cao 1a noi sinh sdng ciia khoang 22,9 triéu ngudi. Céc tang
chira NDD PBSH 1a mét trong nhitng nguén nude chinh phuc vu nhu cau cho sinh hoat va
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san xuét. Cac nghién ctru khac nhau da danh gia viée bd cap NDD ¢ PBSH, thuong tap trung
vao cac diém cu thé hodc khu vuc nho, chwa c6 nghién ciru khu vire toan dién nao. Nghién
ctru trude day da sir dung md hinh hoa trén MODFLOW dé udc lugng bd sung nude ngam,
gan 87% cho mua mua va 56,28% cho mua kho [8]. Tuy nhién, trong nghién ctru nay do han
ché dir liéu va su thiéu kiém chung tir cac phuong phap khac nhu dong vi bén. Phuong phap
ddng vi bén sau ndy da duogc sir dung dé xac dinh bd cap NDD ¢ Pan Phugng, Ha Noi cho
céc TCN D¢ tir va cho thay trong mua mua song cap cho NDD va mua khé NDD thoét ra
séng [9]. Bdi voi cac bai giéng khai thac Ha Dinh, Mai Dich va Phap Van két qua nghién

ctru trudce cho thiy nude song Hong dong gop 50%, 52% va 57% tuong umg cho trir luong
khai thac [10]. Phuong phap dong vi Tritium/Helium dinh tudi NDD d3 duoc sir dung Xac
dinh lugng cap tir song Hong dén cac TCN & khu vuc Nam Du [11]. Su dung két hop dong
vi va mé hinh dé danh gia bd sung tir song Hdng va nude mua dén cac TCN Bé tir & khu vuc
Dan Phuong [12]. Nghién ctru st dung két hop MODFLOW va phuong phéap dao dong muyc
nude ¢ cac cong trinh quan trac dé danh gia tai hguyén NDb ¢ BBSH [13]. Gan day nhét,
viéc xac dinh lugng bd cap va luong thoat bién da gbc phan Tay Nam, thanh phé Ha Noi
bang phu:ong phap mo hinh MODFLOW cho thdy lwong bd cap nay la rat nho [14]. Két hop
GIS va vién tham dé phan tich cac yeu t6 dé xay dung ban d6 phan ving bo cap nudc ngdm
& DBSH [15], nghién ciru lwong bo cap duge dinh lugng bang phuwong phép dinh tudi bang
ddng vi 3H. Tuy nhién, vai trd trong can bang d6i v6i hé thong TCN trong nghién ctru nay
van con chua rd rang.

Nhu vy tir cac nghién ctru trong va ngoai nudc cho thay dé xac dinh lugng bd cap cho
NDD can thyc hién voi nhidu phuong phap khac nhau. Cac nghién ciru trude ddy méi chi tap
trung theo khu vuc nho hay theo diém, chua co phan ving bd cap tir nude mua cho nude
dudi dat trén toan ving DPBSH. Viéc két hop phuong phap vién tham, GIS va thuy vin dong
vi dé phan ving tiém nang bd cip tir nudc mua cho nude dudi dat va xac dinh luong bo cap
ving PBSH 1a phuong phap méi, kha thi [15]. Tir cac két qua phan ving tiém niang bd cap
[15], tmg dung md hinh MODFLOW la phuong phdp hi¢u qua va toan dién trong xac dinh
vai tro cliia nudc mua, nudc song trong thanh phan cung cap tham ddi v6i su hinh thanh trix
luong khai thac nudc dudi dat cac tram tich Dé t PBSH. M6 hinh MODFLOW dugc phat
trién boi to chirc US Geological Survey (USGS) [16] c6 uy tin trong linh vuc nghién ctru va
quan ly tai nguyén nudc, da va dang sir dung phé bién tai Viét Nam. Trong do, mod hinh
MODFLOW di dugc Trung tim Quy hoach va Diéu tra tai nguyén nudc quoc gia (NAWAP )
xay dung tir nm 2005 cho ving PBSH lién tuc duoc cap nhat va phat trién cho dén nay phuc
vu cho cong tac thong bdo, canh bdo du bdo tai nguyén nudc hién tai dugce sir dung trong
nghién ctru nay.

[ Ban d6 tiém ning bd cip nudc dudi dat ]
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Hinh 1. So d0 nghién ctru bing md hinh MODFLOW viing DBSH.
2. Phuwong phap nghién ciru va dir li€u sir dung
2.1. Gioi thiéu khu viec nghién curu

Pic diém vi tri dia 1y ty nhién: Khu vuc nghién ctru nam trong vung BDBSH, khi hau
nhiét déi am gié mua. Mua kho chiém 15% lugng mua nam (tir thang XI dén thang IV) va
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mua mua chiém 85% lwong mua nam (tir thang V dén thang X). Theo khong gian, PBSH c6
luong mua trung binh nam bién dong rat manh so voi yéu td khi tuong khac, gia tri cuc tiéu,
cuc dai cua lugng mua co thé chénh nhau tir hai dén ba 1an. Luong mua trung binh ndm cho
toan ving giao dong tir 1200 mm dén 2700 mm, theo d6 1a lwong bdc hoi tir 828,2 dén 1057, 1
mm/nam. Nhiét d6 thé hién su ddi 1ap theo muia, véi nhiét d6 khong khi cao nhét dat tir 35°C
dén 39°C, trong khi nhiét d6 trung binh hang nim 6n dinh & muc tir 23°C dén 23,5°C. Pang
chu y, ¢6 sy chénh 1&€ch nhiét dJ trong ngay dang ké, do duoc tir 8°C dén 15°C vao mua he
va tir 4°C dén 13°C trong mua dong. Hé théng song ngdi DBSH phirc tap v6i mat do trung
binh tir 0,4 dén 0,7 km/km? v6i hai hé théng song chinh 13 hé thong song Hong va hé thong
sbng Thai Binh.

DBSH c6 dia hinh da dang bao gdm céc khu vyc ven bién dudi 1m, cic ving song bic
thang tir 7-8 m dén 15m, cac khu vuc d6i nti & d6 cao 50-100 m trong ddng bang, va cac diy
nai cao dén 900 m doc theo bién gi6i phia Tay va T4y béc. Pia hinh bi anh hudng boi hé
thdng dut giy, dic biét 1a cac dut gdy Tay Bic - Dong Nam, Pong Béc - TAy Nam va cac dit
gdy theo hudng bic - nam, diéu khién hoat dong kién tao va phan chia dong bang. Bd bién
kéo dai khoang 200 km & phia Dong va Pong Nam tir Quang Ninh dén Thanh Héa, trai qua
su xdm nhap man do song, thuy triéu va hé thong song. Sy xAm nhap nay anh huong dén hé
sinh thai ven bién, viéc tudi tiéu va cac TCN ndng.

Pic diém dia chét thuy vin (PCTV): PBSH c¢6 2 TCN chinh. Trong d6 TCN Holoxen
(gh) 12 TCN tht nhét tir trén xudng, c6 tudi tré nhat duge cau thanh tir cac tram tich cat hat

trung dén hat min ctia hé tﬁng Thai Binh va phan trén ctia hé tﬁng Hai Hung. TCN Pleistoxen
(qp) phan b rong khap dong bang, da phan bi phu boi cac tram tich gh tré hon chi 16 ra chu
yéu & phan dinh déng bang. TCN qp dugc cAu thanh tir cac tram tich hat thd dén hat trung.
Nam xen k& véi cac TCN g tir 1a cac trim tich thim nudc yéu tudi Holoxen sém giita hé
tang Hai Hung (Q2%?hh) va cac tram tich cach nudc Pleistoxen mudn hé ting Vinh Phuc

(Qi’vp).
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MAT CAT TUYEN II-11 MAT CAT TUYEN II-III
Ty lé ding 1:1000 Ty 1& dtng 1:1000

Ty 1& ngang 1:200.000 Ty lé- 11gang 1:200.000

-

B 8 d B b & @

LK2Z0 HN %0 hijn LK
1082 Cao &) dja hinh

Layp thim nuée yéu Tang chira mrde (gh) Téng clira mrde (qp2) Téng chita muréie (qp1) i gbe (N, 1)
Hinh 2. a) Ban ¢ DCTV va b) Cac mit cit PCTV 6 DBSH [17].

2.2. Co 56 1y thuyét phwong phdp

Mo hinh s6 duoc xay dung va sir dung dé phan tich, danh gia vai trd cac ngudn cung cip
tham do6i véi sy hinh thanh trit lwong NDD. Sy bién d6i do cao muc nudc dudi dat duge mod
ta bang mot phuong trinh dao ham riéng [16] duy nhat sau:

a(K 6h)+6<K 6h>+a<K ah)+w_sah 1)
ox\ *ax)  ay\ Yay) az\ *oz/— = ot

Trong d6 Kux = Kux (X, Y, 2), Kyy = Kyy (X, Y, 2), Kzz = Kzz (x, y, 2) la cdc hé s6 tham cua
TCN theo cac phuong x, y, z; H 1a chiéu cao muyc nudc dudi dat tai vi tri (x, y, z) & thoi diém
t: W 1a gia tri bd cap hoic thoat di ciia nudc nudc dudi dat tinh tai vi tri (x, y, z) ¢ thoi diém
t, W=W(X, Y,z 1); Ss = Ss(x, v, z) 1a hé s6 nha nudc.

Phuong trinh (1) dugc giai v6i cac didu kién bién:

+ Piéu kién bién loai I (bién Dirichlet) 1a cdc 6 ma myc nudc dugce xac dinh trude va gia
tri nay khong doi trong sudt thoi gian tinh todn H = h(t).

+ Piéu kién bién loai II (bién luu lwong Neuman) 14 cac 6 ma luu luong dong chay qua
bién duge xac dinh trude trong sudt bude thoi gian tinh toan Q = q(t).

+ Piéu kién bién loai I (bién hdn hop Cauchy) 1a diéu kién bién ma luu lugng trén bién
phu thudc vao muc nude Q = f(H).

2.3. Dit liéu dau vao va xdy dwng mé hinh viing PBSH

Dé danh gia vai trd cta viéc bd sung nudc ngim tryc tiép ddi véi vige khai thac nudce
ngam vung DBSH, chung ta dya vao dir liéu nghién ctru gan day lam nguon dau vao co ban
dé xay dung mo hinh dong chay nudc ngam. Cac ngudn dit liéu nay bao gom:

- Dit liéu ban d6 BCTV ty 1¢ 1:200.000 (hinh 1) [17].

- Dit liéu vé bé mat dia hinh: Trén mé hinh, bé mat dia hinh duoc xay dung dua trén céc
diém d6 cao cua ban d6 dja hinh ty 1& 1:50.000 va cac diém cao do cua cac giéng quan tric
va cac giéng tham do duoc diéu tra trude day.
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- Dit liéu v& hién trang khai thac NDD hién nay (ngudn: Cuc quan 1y tai nguyén nudc -
DWRM).

- Dit liéu Vé diéu tra NDD tai cac tinh vaing DBBB (ngudén: NAWAPI).

- Dt liéu Ve bd cap nudc ngam dugc tinh toan va xac dinh boi [15].

- Dit liéu vé bd cap tir bién da gdc va twong tac thuy luc giita nude song Hong va NDD
¢ Ha Noi va vung 1an can dugc nghién ctru boi [14].

- Panh gia toan dién vé anh hudng cia d6 thi hoa dén bd cap NDD & Ha Noi duge nghién
ctru boi [18].

Dit liéu trén duoc sir dung 1am nén tang va co s& cho md hinh dong chay NDD da duoc
xay dyng [19]. M6 hinh duoc xdy dung bang phan mém Visual MODFLOW cua hang
Schlumberger [20, 21] va dugc chinh 1y trén co s¢ s0 liéu quan tric quoc gia va dia phuong
(Ha Noi, Nam Dinh va Thai Binh) va mot s6 cac két qua diéu tra méi nhét gan day. Sau khi
hiéu chinh mé hinh, tinh toan bd cap cho NDP dugc thyc hién thong qua goéi Zone Budget
trong mo hinh. Két qua d4nh gia can bang nudc va cac kich ban dy bao 1am 13 vai trd ciia cac
ngudn bd cap NDD trong qué trinh hinh thanh trir lugng khai thac NDP ving DPBSH.

- Thiét k& lu6i cho mé hinh: Dién tich 1ap mé hinh 13 14860 km? dugc ndi rong ra so voi
md hinh cii nham muc dich mé rong bién ¢ phia Dong TCN Pleistoxen. Theo mot s6 két qua
diéu tra cho thay phia Pong cua ving PBSH, TCN Pleistoxen md rong ra vé phia bién chir
khong bi gidi han boi duong bo bién do d6 viéc mé rong md hinh 1 can thiét. Ludi ciia mo
hinh dugc chia thanh 162 hang va 223 ¢4t vai kich thudce hinh vuong 1a 1000x1000m, riéng
khu vuc Ha Noi, ludi dugc chia vdi kich thude 1a 500x500m dé dam bao d6 chinh xac do
khu vuc nay nhleu bai gleng khai thac nudce tap trung.

- Dt liéu Ve phan tang dia chit thuy van: Dir liéu dugce sir dung dé phan chia cac 16p cua
md hinh bao gom cac 728 15 khoan diéu tra giai doan trugc [15]. CAu triic phan ting DCTV
dugc chia thanh 4 16p trong m6 hinh, trong d6 gom 16p thim nude yéu bé mit (16p 1), TCN
Holoxen (qh) (16p 2), 16p thim nudc yéu bé mat (16p 3) va TCN Pleistoxen (qp) (16p 4).

- Céc thong s6 PCTV: Céc thong s6 PCTV bao gém hé sb thim (K) va hé s0 nha nudc
(S) dugc gan trong mo hinh dya theo cac nghién ciru trude d6 da duge cap nhat gan day nhat
[15]. B6i véi TCN Holoxen, hé s6 thim nam trong khoang 0,02-158 m/ngay, trung binh 26,1
m/ngdy. D6i véi TCN Pleistoxen, hé s6 thim nam trong khoang 0,5-184 m/ngay, trung binh
34,75 m/ngay.

KK~ 10K, KK=10K, KK-10K,
] 03¢ [ 2786 1.68x10*
1000 | 1349 30.0
0.02 36310 10° ©
3476 | 1.0 27.40
a8x10¢ | 1024 103

Hinh 3. Hé sb tham Ky, Ky, K, twong tmg cho TCN: (a) Holoxen, (b) Pleistoxen, (c) Chi dan mau hé s6 tham.
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Ving Ss(1/m) Sy Eff.Por Tot.Por
[ ] 1E-5 0,2 0,15 03
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— 0.0012 02 0.25 03
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Hinh 4. Chi s6 nha nu6c dan hdi (Ss) va trong luc (Sy) cho TCN Pleistoxen.

- Bién bo cap (RECHARGE): ! o - = - i
dya trén nghién ciru cia [15] bang 280 ‘
cach dua trén ket qua anh vien
tham d6i véi cac yéu t6 anh huong
dén bd cap cho NDP va chong |.q
chép cac lop anh bang ky thuat
GIS. Va dé xéac dinh trong so mot
cach khac quan cac yéu t6 anh
huéng dén bd cap NDP thdng qua
mo hinh phan tich tht bac AHP
[22]. Bén canh d6 con kiém chimg
lai két qua bang phuong phap dong
vi phéng xa ®H dé dam bao chinh %gﬁ e
Xac. [ GrRr: 0:23 -0,
Hinh 5. Phan viing bd cap cho NDD cho | | M Thuy vve
vung PBSH dua trén chi s6 GRI duoc
phan chia thanh 3 khoang: 0,08-0,16;
0,16-0,23 va 9,23-0,30. Céc khoang cach [
nay twong tmg véi lugng b cap cho NDD
188, 372 va 429 mm/nam [15].
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- Céc diéu kién bién: Diéu kién bién ciia md hinh da dugc chi ra & muc 3.1, két hop véi
cac nghién ctru méi nhat. D6i véi viec md phong hé théng song Hong - Thai binh dugc mo
phong bang diéu kién bién téng hop (General Head Boundary), strc can long séng duoc xac
dinh theo [8, 14]. Bién béc hoi st dung dit liu khi twong tai cac tram thuy van. D6i véi diéu
kién bi€n déa goc duge xac dinh dya theo nghién clru gan day [14]. Diéu kién bién bién dua
theo gia thiét ciia [23] voi gia thiét ring TCN m& rong ra bién do ddc diém d9 cao va chiéu
sdu phan bd cua day TCN Pleistoxen va diéu nay dan dén mé phong diéu kién bién loai I,
muyc nudc xac dinh (Constant Head - CH) véi gia tri myuc nude dua theo myc nude bién tai
tram Hon Déau ¢ ngoai khoi [19].
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Hinh 7. Bién da gdc khu vuc nghién ciu.

- Hién trang khai thac NDD: Tinh h‘ll"lh khai thac NDD tir 2005 dén 2018 duoc minh hoa
trong hinh 7 va bang 1 cung cap chi tiét vé luu lugng khai thac NDD toan PBSH. Tong lugng
khai thic NDP ving DBSH vao khoang 1.500.000 m®/day.
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Bang 1. Hién trang khai thic NDD viung PBSH [19].
Luu lwgng khai thac (m%/day)
TT  Tinh/Thanh Phé Khai thac cho cong Khai thac cho sinh Téng cong
nghiép hoat
1 Ha Noi 670931 124180 795111
2 Vinh Phuc 25900 52361 78261
3 Hung Yén 114490 7800 122290
4 Bic Ninh 42000 55118 97118
5 Hai Duong 18200 64259 82459
6 Ha Nam 5508 24492 30000
7 Hai Phong - - 34000
8 Thai Binh 9546 39454 49000
9 Nam Dinh - - 120000
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Hinh 8. Phan b6 cac giéng khai thic NDD (cac giéng khai thac duoc biéu thi bang cac chdm do) [19].

3. Két qua va thao luin

3.1. Két qua chinh ky mé hinh

MBS hinh dugc hiéu chinh bang cach so sanh muc nudc ngam tinh toan tir mé hinh voi
muyc nude quan trac dugc thyc té. Viée higu chinh dugc thyc hién voi bai toan khong on dinh
va sir dung cac cong trinh quan tric quéc gia va dia phuong (Ha Noi, Nam Dinh, Thai Binh)
tir 1/1996 dén 1/2020. Sé lidu quan trac dugc st dung dé hiéu chinh gdm 128 cong trinh quan
trac trong d6 co 88 cong trinh quan trac tang Pleistoxen va 40 cong trinh quan tric trong ting
Holoxen (Hinh 10). Dit liéu quan tric dugc tong hop dinh ky va luu trir tai Trung tam Quy
hoach va Diéu tra tai nguyén nuéc qudc gia (NAWAPI) [24]. Két qua so sanh myuc nude
(MN) theo thoi gian tai cdc cong trinh quan tric tang Holoxen (Hinh 8, Hinh 11) va Pleistoxen
(Hinh 9, Hinh 11) duoc trinh bay ¢ duéi day, danh gia sai s giita muc nude mo hinh va myc

nudc quan trac thuc te.
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Hinh 9. Sai sb gilta myc nudc mo hinh va myc nudc quan trac thuc té trong TCN Holoxen tai cac
cong trinh quan tric: (a) P.33b; (b) P.76b; (c) P.77b; (d) Q.108.
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Hinh 10. Sai sb gitta myc nuéc mé hinh va myc nude quan tric thuc té trong TCN Pleistoxen tai cac
cong trinh quan tric: (a) Q.23; (b) P.32a; (c) P.35a; (d) Q.109a.




Tap chi Khi twong Thuy van 2024, 762, 12-26; do0i:10.36335/VNJHM.2024(762).12-26 21
520000 540;-:c SE0000 S’.Dl:l:l:' ':((le(' t'u":‘OI' B40000 5!'-(':0:‘ BE0000 T00000
g8 8
-2 Lang Son B
& L3 L
" o | o
L
Phii Tho &
Dt
g Q¥ {36 2
& Q3 Q
7 00173 3% Q55 Q%@s Bac Ninh ‘%
Q7@ €032 Q5080115 B
Ha Noigss o .262 .@7'\\ 'Quea 9143 Quang Ninh
g8 3aQ64 @ 2
& Q59L669 ®Q5ga ’J-éqne Hai Duonge ™ 5
X Q77”.Q75 . b N
; Hoa Binh 7 ;
H Chu giai o
= | ® L& khoan quan tric g
& =2 vung nghién ctru &
g g
g Thau: it Bién Ddng 2
T —— — <
0 10 20 40
g g
& [Nghé An &
520000 540000 SE0000 5&1)'3:'3 :‘-:-:‘0:(- 20000 640000 BE0000 680000 700000

Hinh 11. Céc cong trinh quan tric duoc sir dung dé chinh 1y mé hinh ving DBBB.

Két qua danh gia sai sb giita myc nudc thuc do va muc nude quan tric & cac ¢ong trinh
quan trac vung PBSH duogc thé hi¢n ¢ hinh 11.

EI Layer 1 - Lop cach nuéc 1
El Layer 2 — TCN Holocen

| lzl Layer 3 — Lop cach nwoc 2
El Layer 4 — TCN Pleistocene
E] 95% khoang tin cay

8.72

-1.28

F--] 95% khoang do

I:I Céc diém do
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-21.28

-31.28

(@)

Muc nude tinh toan (m)

-1.28

-11.28

Q

-21.28

a

-31.28

i Iz’ Layer 3 — L6p cach nuée 2

EI Layer 1 - Lop cach nuwée 1
E Layer 2 — TCN Holocen

E Layer 4 — TCN Pleistocene
El 95% khoang tin cdy
E] 95% khoang do

|:| Ciéc diém do

1128 128
Mure nude quan trac (m)

-31.28 -21.28

T
8.72

T T r T
2128 1128 128
Murc nude quan trac (m)

-31.28

Hinh 12. Danh gi4 sai s6 gitta muc nude quan tric thuc té va mé hinh trong cac TCN ving DBSH:

(a) TCN Holoxen; (b) TCN Pleistoxen.

Két qua danh gia sal s6 mo hinh cho TCN Holoxen cho thiy sai s6 16n nhét 13 4,4m tai
cong trinh Q.64, sai s6 nho nhét 1a 0,0m tai cong trinh Q.85, sai s0 trung binh 12 0,197m va
sai s6 trung binh tuyét d6i 1a 0,861, sai sb trung binh quan phuong NRMS la 5,9%. Déi véi
TCN Pleistoxen tai cac cong trinh quan tric cho thiy sai s6 10n nhat 1a 4,96m tai cong trinh
quan tric P.73a, sai s6 nho nhit 0,0m tai Q.164a, sai sb tuong ddi 0,067m, sai sb tuyét ddi 1a

0,906m, sai s6 quan phuong NRMS 2,621%.
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Phan 16n cong trinh chinh ly nam trong khoang tin cay 95%. Mac du mét s6 cong trinh
thé hién gia tri sai sd tuyét d6i dang ké, nhung gia tri twong d6i van nam trong gidi han chap
nhan dugc, dam bao ngudng cho phep. Dang chu y, nhiing cong trinh nay nam gan cac bai
giéng khai thac, noi ma su chénh Iéch gitra dir liéu quan trac va mo hinh thuong xuyén la
dang ké. Do d6, viéc danh gia sai s6 mo hinh xac nhan rang tat ca cac tham so déu dap mg
tiéu chi do tin cdy da thiét 1ap. Viéc danh gia sai s6 mé hinh chi ra rang tit ca cac tham sd
déu thoa man tiéu chi do tin cay cua mo6 hinh. Tuy nhién, khi so sdnh v&i cac moé hinh trude
day duoc phat trién cho PBSH [8], m6 hinh hién tai thé hién d¢ tin cdy cao hon.

3.2. Pdnh gid vai tro bo cdp cho NDP trong viéc hinh thanh trit heong khai théc viing
DBSH

Sau khi hiéu chinh mé hinh, goi Zone Budget dugc sir dung dé tinh toan can bang nudc
mot cach c6 hé thong cho ca TCN Holoxen va Pleistoxen trong toan bd ving DPBSH. Thong
qua viéc phén tich cac thanh phan dugc tinh toan trong can bang nudc, xac dinh dugc luong
bd cap NDb ddi v6i viée hinh thanh trix luong khai thac NDD trong khu vuc. Két qua tinh
toan can bang nudc cho hé thong TCN dugc thé hién ¢ thang 3, thang 6, thang 9 va thang 12
(xem bang 2, hinh 12). Trong d6 tir thang 10 téi thang 3 ndm sau twong g v6i mua kho,
trong khi d6 tir thang 4 dén thang 9 13 twong ng voi mua mua.

Bang 2. Thanh phan tham gia vao can bang nuéc trong trim tich Dé tir ving DPBSH (%), lugng chay
Va0 va chay ra dugc thé hién bang diu (+) va dau (-) tuong tng.

Ngu(“)n

Théng Trit lwong tinh ~ Bién LK B6cap  Béc hoi séng P4 gbc
Théng 3 13,94 -2,47  -29.86 39,47 -21,32 -0,48 0,71
Théng 6 -29,32 -152  -1838 67,63 -28,34 9,51 0,43
Théng 9 -53,56 1,25 -1391 66,67 -15,63 17,36 0,32
Théng 12 59,74 -1,86  -22,67 9,75 -33,24 -12,25 0,53
80.00 ¢
%

60.00

40.00

20.00 I

0.00 I N R
Bién I I Dégéc

-20.00 cap

LK
-40.00 Béc hoi

-60.00 Trit lwong tinh
B Théng 3 Théng 6 MThiang9 M Thang 12 Yeuto
Hinh 13. Thanh phan tham gia vao can bang nuéc TCN Dé tir theo thoi gian. Trong d6 lwong chay
vao va lugng chay ra dugc thé hién bang diu (+) va déu (-).

Hinh 13 minh hoa céc thanh phan tham gia vao c4n bang nudc trong hé thong cac TCN
bé tir. Cac gia tri duong biéu thi dong chay vao dong gop cho hé théng TCN, trong khi cac
gia tri 4m thé hién dong chay ra, Dya theo két qua trén co thé rit ra mot s6 két luan nhur sau:

- Lugng bd cap tir nude mua, nudce tudi, nuwdce trén mat cho NDD tram tich Dé tir vao tat
c4 cac mua trong nam, vao mua mua 16n nhét 18n dén 67,63% tong luong bd cap, twong Gng
5.607.868 m®/ngay. Nguoc lai vao mua kho, luong bd cip nay con 9,75%, tuong Gng
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664.326m3/ngay. So sanh giita luong bd sung cho NDD va lugng khai thac trong khu vuc co
thé théy duoc su chénh 1éch dang chu y dac biét 1a vao mua kho. Trong giai doan nay, luong
nude ngam khai thac 16n hon lugng bo cap NDD tryc tiép twong tng, do d6 chi ¢ thé xam
pham vao trr lvong tinh trong cac TCN lam suy giam myc NDD déc biét ¢ nhiing khu vuc
¢ cach xa song. Su xuét hién cac phéu ha thip muc nudc trong ving DPBSH cang 1am 15 cho
van dé nay.

- Luong xam pham trit lugng tinh do thanh phan khai thac chiém 13,91% dén 29,86%
va do thanh phan bdc hoi chiém 13,94%-59,74%, tuong tng tir 705.693 m¥ngay dén
4.085.660 m*/ngay.

- Luong cap nude séng cho NDD tram tich Dé ti chi x4y ra chu yéu vao mua mua chiém
ttr 9,51% -17,36%, tuong tmg tir 788.378 m3/ngay t6i 1.928.548 m3/ngay.

- Luong bd cép tir bién da gdc ven ria dong bang, lugng nude thoat ra bién xdy ra & tat
ca cac mua trong nam nhung voi lugng khong 16n.

3.3. Thao ludn

Déi vai cac két qua nghién ciru bo cap trude day cho ving DPBSH, luong bo cép tir nude
mua vao tram tich Dé tr chiém 56,28% (vao mua kho) va 84,11% (vao mua mura) [8]. Tuy
nhién, nghién ctru nay chua c6 s6 lidu dé kiém ching truc tlep luong thAm nay do d6 d tin
cay chua cao. Sau nay cac nghién ctru va k¥ thuat dong vi bén phat trién, viéc ing dung dong
vi bén xac dinh lugng b cap cho NDP ngay cang phd bién tuy nhién méi chi c6 thé ap dung
cho nhitng khu vuc nho. Nghién ciru [15] da két hop k§ thuat GIS, vién tham dé phan ving
bd cap cho nudc dudi dat va co chinh 1y so sanh vai cac két qua dong vi trude day. Két qua
nghién ctru trong bai bao da sir dung ban dd phan ving bd cap tir vién tham, GIS di dugc
hiéu chinh véi cac két qua dong vi va két qua xac dinh luong chay vao tir bién da goc [14]
dé 1am thong s6 dau vao cho mo hinh tinh todn cén bang nudc cho toan ving PBSH. Két qua
cho thiy luong bo cap tdi da vao mua mua (khoang 68% lugng mua) va téi thiéu trong mua
khé (khoang 10% luong mua) ngoai ra vao mua mua, hé thong song bod sung cho cac TCN
Dé tir khoang 9,51-17,36% vao tong can bang nude ciia cac TCN Dé tir. C6 thé thdy su khac
biét kha rd gitra luong b6 cap xéac dinh boi nghién ciru trude day [8] va két ‘qua nghién ciu
nay do thoi diém trudc do6 viéc ung dung cac ky thuat ddng con han ché, thiéu cac sb liéu dé
kiém chimg. Nhu vay, co thé thay rang nghién ciru nay da ké thira cac két qua nghién ctru
truéc day bang cac thi nghiém tryuc tiép dé 1am thong sé dau vao va hiéu chinh mé hinh do
d6 cho két qua tin cdy cao hon.

4. Két ludn

Nghién ctru dénh gia xac dinh ngudn bd cap cho NDD la rat quan trong cho viéc quan ly
khai thac NDD hiéu qua va bén vitng. Cac nghién ctru dinh luong gan day vé cac ngudn bo
cap NDD & cac khu vuc khac thudc ving PBSH hd tro cho viée danh gia chinh x4c hon vé
anh huong cta chung trén quy mé dong bang thong qua viéc ap dung phuong phap mé hinh.

CaC ngudn nude dong gop chinh cho hé théng cac TCN Pé tr ving PBSH bao gom
ngudn nudc mua, nudce tudi va nude song. Thém vao do la dy b6 cap cho TCN tir cac da gdc
nut né o ria ddng bang 14 nhitng ngudn bo cap dang ké.

Su bo cap NDD d6i v6i cac TCN tram tich Dé tir trong DPBSH thé hién sy bién ddi theo
thoi gian va khong gian. Lugng bo cap tir nudc mua, nude tudi, nude trén mat cho nude dudi
dat tram tich B¢ tir duoc dién ra tat ca cac mua trong nam, 16n nhét vao muia mua, chiém dén
67,63% tong luong bo cap twong tng 5.607.868 m3/ngay Nguoc lai vao mua kho, luong | bd
cap nay con 9,75%, tuong ung 664.326 m3/ngay. Luong b céap tir nude séng cho NDD tram
tich Pé t& chi xay ra chi yéu vao mua mua chiém tir 9, 51-17,36%, tuong Ung tu
788.378m3/ngay toi 1928548 m®/ngay. Lugng b cap tir bién d4 gbc ven ria dong bang, lugng
nude thoat ra bién xdy ra & tat ca cac mua trong nam nhung voi lugng khong 16m.
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Viéc khai thac nude ngam ving DBSH duy tri 6n dinh quanh nim. Trong muia kho, trix
lwong khai thac cha yéu 1y ra tir triv luong tinh trong TCN do thanh phan khai thac chiém
13,91% dén 29,86% va do thanh phan bdc hoi chiém 13,94-59,74%, twong tmg tir 705.693
m®/ngay dén 4.085.660 m3/ngay.

Mot sb han ché cia mo hinh 12 mé hinh vung DBSH do do kich thudc Iudi con kha thod
do d6 sai s muc nude ¢ khu vuc bai giéng tap trung 1a khong thé tranh khoi. Do chinh xac
ctia mo hinh phu thudc nhidu vao két qua chinh 1y cta cac cong trinh quan tric, tuy nhién
mat do cac giéng quan tric con thua chu yéu phan bd theo tuyén phuc vu nghién ctru dong
thai.

Tuy con tdn tai mot s6 han ché trén, nghién ctru cling da xem xét dugc mdt cach toan
dién vai trd ctia ngudn bd cap tu nhién nude dudi dat ciing nhu cac thanh phan cung cap khéc
cho két qua tin cdy gitp cho cong tac quan 1y, khai thac bén virg va bao vé méi trudng NDD
trim tich D¢ tt DBSH.

DPong gop cua tac gia: Xay dung y tuong nghién ciru: B.T.T., L.V.H.; Xu ly, phén tich s6
liéu: N.T.H., N.T.K.H.; m6 hinh hoé: B.T.T., L.V.H.; Viét ban thao bai bao: B.T.T., T.D.T;
Chinh stra bai bao: P.Q.N.

Loi cam on: Bai bdo ¢ su dong gop tur ngudn dit liéu va mé hinh dy bao thudc dé tai “Nghién
ctru nghién ctru phat trlen phan mém phan tich dir liéu 16n ho tro cong tac canh bao va du
bao tai nguyén nudc”. Ma so: TNMT.2023.04.07 cua Trung tdm Canh bao va Dy bao tai
nguyén nudc.

Loi cam doan: Tap thé tac gia cam doan bai bao ndy 13 cong trinh nghién ctru cta tap thé
tac gia, chua dugc cong bo ¢ dau, khong dugc sao chép tir nhitng nghién clru trude day;
khong c6 su tranh chap 1gi ich trong nhom tac gia.
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Application of MODFLOW for determining the role of
groundwater recharge to groundwater exploitation in the Red
River Delta Plain
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Abstract: The Red River Delta (RRD) with a population of over 22.9 million people has a
total discharge of approximately 1.5 million m3/day, mostly Quaternary sedimentary
aquifers. However, certain localities, such as Hanoi and Nam Dinh, have exhibited signs of
over-exploitation, leading to associated issues such as depletion, land subsidence, saltwater
intrusion, and water pollution. Groundwater recharge in the study area primarily originates
from various sources, including rainfall, irrigation, and the river system. A three-
dimensional (3D) model was developed in the study area using the MODFLOW code and
calibrated by comparing simulated and observed groundwater levels. The calibrated model's
budget code revealed that recharge from rainfall, river, lake to the Quaternary aquifers
occurs throughout the year. The maximum recharge occurs during the rainy season
(approximately 68% of rainfall) and the minimum during the dry season (approximately
10% of rainfall). During the rainy season, the river system primarily recharges Quaternary
aquifers, contributing around 9.51-17.36% to the aquifers' total water balance. Year-round,
the flow from fractured aquifers at the plain's edge to Quaternary aquifers is consistently
small. To ensure sustainable management and exploitation of groundwater, the role of
natural recharge sources for groundwater needs to be comprehensively assessed in this
study.

Keywords: Groundwater recharges; Groundwater Modelling; Quaternary aquifer; Red
River Delta.
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