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Tém tit: Vung nui cao, vung khan hiém nudc khu vuc Bic Trung Bo c6 24 ving theo
Quyet dinh s6 1553/Qb-TTg ngay 08 thang 11 ndm 2019 cua Thu tuéng Chinh phu va c6
11 tang chira nudc tudi tir Neogen dén Cacbon- Pecmi. Két qua tinh toan tong trit lugng
nuée dudi dat c6 thé khai thac 1a 61.346 m®/ngay, tong luu luong khai thac cong trinh du
béo la 10.237 m3/ngay va c6 kha ning cung cap cho 102.370 nguoi voi tiéu chuan 13 100
I/nguodi/ngay. De khai thic va chéng suy thoai ngudn nude dudi dat, nhom tac gia xay dung
bo tiéu chi, gdm c6 3 nhom ti€u chi: Chéng suy thoai vé trit luong (co 3 tiéu chi va 6 chi
s6); Chdng suy thodi vé méi truong (co 4 tiéu chi va 5 chi s); Chdng suy thoai do yéu td
kinh té - x3 hoi (c6 4 ti€u chi va 6 chi sé). Trén co s& bo ti€u chi trén, bai bdo da sir dung
phuong phap phén tich thir bac (AHP) dé xac dinh trong s6 va danh gia cac tiéu chi, két qua
cho thay ¢6 20 vung c6 muc do bao vé chong suy thoai trung binh, 5 ving c6 mirc do bao
vé chong suy thoai kém, nguyén nhan chi yéu do cac yéu td suy giam vé chat luong va quan
Iy tai nguyén nudc, nhan thic cong dong

Tir khéa: Phuong phap AHP; Tiéu chi bao vé; Nude dudi dat; Khan hiém nudc; Bic Trung
Bo.

1. Mé diu

Trén thé gidi va Viét Nam ciing dd c6 nhiing nghién ctru dua ra cé4c tiéu chi nham bao
vé, khai thac bén vitng ngudn nudc dudi dat. Trong d6 c6 nhitng nghién ctru dién hinh, & An
D¢ [1] da dua ra phuong phap danh gia kha nang khai thac nuge ngam bén viing, thong qua
Bo Chi s6 Bén vimng Nude ngam (Groundwater Sustainability Index - GSI), xac dinh dugc S
nhom tiéu chi va 15 chi sb dé danh gia mirc do bén viing nguon nudc ngam. Nghién cou &
Trung Quoc [2] d4 x4y dung cac tidu chi bén vimng cua nudc ngam 4 tiéu chi chinh dugc sur
dung dé phan loai 1a: Sy suy giam muc nude ngam, tong do ha thap muyc nuoce ngam, Sy 6
nhiém nudc ngam thong qua chi s6 chat lugng nudc va su suy giam nguon nudc mat; nghién
ctru & Viét Nam [3] dd dé xuat duoc 4 nhom tiéu chi bao gdm 9 chi s6 1am co s¢ phan ving
khai thac bén viing nudc dudi dat ¢ ving dong bang Bic Bo va Nam Bo. Nghién ciru [4] da
dé xuét duoc bo chi sb tai nguyén nude trong ting truéng xanh bao gdm 24 chi tiéu thudc 3
nhom. Céc nghién ctru nay duoc thue hién danh gid cho nudce ngdm ¢ nhiéu khu vuc khac
nhau nhu mién ndi, ddng bang trén cac ving lanh tho khéac nhau. Tuy nhién, dé xdy dung bo
tiéu chi bao vé, chong suy thoai phuc vu khai thac bén viing nguén nude dudi dat ving nai
cao, ving khan hiém nuéc can c6 su nghién ctru phan tich cu thé cac nguyén nhan gay ra suy
thoai nuéc dudi dat dé dua ra céac tiéu chi cho phii hop véi timg khu vuc nghién ciru noi
chung va khu vuc Bic Trung Bo ndi riéng.
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Nué6c dudi dat & cac ving nui cao, ving khan hiém nudc khu vyc Bac Trung Bo dang
c6 mot s6 nguy co suy thodi ngudn nude dudi dat do dic trung cau trac dia chat, dia chat
thity vin ciia khu vue cha yéu phan bd cac tang chira nudce khe nut, tang chira nudc karst 13
nhimng ting chira nudc c6 kha ning tir bao vé kém; do su phan bd cac dut giy dia chat; do li
lut, han han; xam nhap man; do khai thac nudc qua muc; do thdi quen canh tac tréng trot
dung thudc bao vé thue vat, thude trir sau, xay dung chuéng trai chan nuo6i chua dung, ...
Tinh trang nhiém ban nudc ngém néu khong ngan ngira hay khic phuc dugc s& khong chi
gdy de doa dén suc khoe cong ddng ma con gy de doa den cac hoat dong phat trién kinh té
- X hol. Vi vay, can phai danh gia muc d6 suy thoai ngudn nudc ngam cia khu vuce tir d6 dé
xuét ra duoc cac giai phap khoa hoc ky thuat, chinh sach nhim bao vé va dam bao khai thac
bén virng ngudn nude dudi dat.

Mtc do bao vé, chdng suy thoai ngudn nude dudi dat duge danh gia qua bd tiéu chi bao
vé, chdng suy thoai phuc vu khai thac bén vimg ngudn nudc dudi dat ving nui cao, ving
khan hiém nuéc. Nghién ctru nay sé& trinh bay phuong phap xay dung bo tiéu chi va két qua
danh gia theo bg ti€u chi cho khu vuyc Bic Trung BJ.

2. Dir liéu va phwong phap nghién ciru

2.1. Khu vue nghién curu
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nudce sinh hoat. Trén co s nguyén tic trén khu vie Bic Trung Bé da xac dinh duoc 24 ving
phan bd & 4 tinh: Nghé An (12 vung thudc cac xa: Tho Son, Mau btrc, Bén Phuc, Chau Loc,
Ha Son, Van Loi, Nghia Loi, Nghia Tho, Chau Thuan, Nghi Tién, Nghi Yén, Thanh Xuan);
Ha Tinh (06 vung thudc cac xa: Son Ninh, Son Tho, Pttc An, Thach Tri, Thach Xuan, Xuan
Lam); Quang Binh (04 vung thudc cac xa: Phuc Trach, Thanh Hoa, Dan Hoa, Trung Hoéa) va
Quang Tri (02 vung thudc cac xa: Hurdng Phung, Linh Thugng) la ving nui cao, vung khan
hiém nuéc (Hinh 1).

Hién trang tai nguyén nude dudi dat khu vue Bic Trung Bo: Tong tiém ning tai nguyén
nude dudi dat 1a 166.121 m¥ngay, trong d6 Nghé An véi két qua 75.260 m¥/ngay véi 12
vung diéu tra 13 tinh c¢6 tiém ning tai nguyén nude dudi dit 16n nhit; Quang Tri voi 2 ving
diéu tra, co tiém nang nho nhit 1a 5.443 m®/ngay [5]. Tong trir lugng cb thé khai thac 1a
61.346 m3/ngay, tinh co trit luong co6 thé khai thac 16n nhat 1a Nghé An voi 33.232 m®/ngay,
Quéng Tri véi trit luong c6 thé khai thac nho nhat, 1.702 m®ngay [5].

Luu luong khai thac cong trinh du béo 13 lvu lwong duogc tinh toan trén co so két qua
bom thi nghi€m tai cac 16 khoan dy kién khai thac trén co s& nhu cau st dung nudc cia vung.
Trir lugng cong trinh duoc tinh toan véi thoi gian khai thac trong 27 nam. Két qua tinh toan
lru lugng khai thac cong trinh du bao 1a 10.237 m®/ngay c6 kha ning cung cap cho tong sb
102.370 nguoi véi tiéu chuan sir dung nudc 100 1/ngudi/ngay. Trong khu vuc Bic Trung B,
Nghé An c6 luu lugng khai thac cong trinh dy bao 16n nhat, 3.372 m®/ngay; tiép theo d6 1a
Quéng Binh, Ha Tinh; Quéang Tri c¢6 luu luong khai thac cong trinh du bédo nho nhét1a 1.350,0
m3/ngay [5].

Tiém ning tai nguyén nude dudi dit (m3/ngay) Trit lugng c6 thé khai thac (m3/ngay)

5443 1702

\

s Nghé An = HaTinh = QuéangBinh Quang Tri = Nghé An = Ha Tinh Quang Binh Quang Tri

Luu luwong khai thac cong trinh dy bao (m3/ngay) S dén thu huéng (100 Ungudi/ngiy)

= Nghé An = HaTinh = Quang Binh Quang Tri = Nghé An = HaTinh Quang Binh Quéng Tri

Hinh 1. Hién trang tai nguyén nudc dudi dat ving ndi cao, ving khan hiém nuée thude khu vuc Bic
Trung BJ [5].

2.2. Dit liéu sur dung

Dir liéu str dung trong bao céo ké thira tir két qua thuc hién Dy 4n “Diéu tra, tim kiém
nguén nudce dudi dit tai cac vung nui cao, vung khan hiém nuée”, giai doan 1 dugc trién khai
thue hién tir nam 2016-2020, khu vie Bic Trung Bo [5]. Pong thoi két hop véi két qua thu
thap, diéu tra, khao sat bd sung s6 liéu khi tuong thuy van, hién trang khai thac, phong tuc
tap quan, cac tac dong dén cong trinh khai thac, tang chtra nude [6].

Thong sb cac tang chira nudc nghién ciru duge tong hop theo Bang 1, trong d6 cac gia
tri dugc ghi theo cdu tric: gia tri nho nhat - gia tri 10n nhét (gia tri trung binh) hodc chi ghi
gia tri trung binh.
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Bang 1. Thong sé cac TCN nghién ctru [5, 7).

Luulwong Hé s6 ddn nwée HE s6 thaim  Chiéu sdu murc nwée

-
-

TCN

Q (I/s) Km (m?*/ng) K (m/ng) Ht tinh (m)
1 Neogen (n) 0,9 -3,84 55,93 1,39 38-84
2 Trias trén (t3) 1,04 -1,72 3,6-7,6 - 1,66 -42
3 Trias giira (t2) 1,21-24 20,67 0,26 1,71 - 6,18
4 Ocdovic - Silur (03-s1) 1,27-42 52,27 0,84 3,05-9,58
5 Silua gitra (sz) 0,86 - 7,89 21,5-379,9 - 293-12,5
u g 2 5 s (143’2) 5 5
6 Silua gitra - devon dudi (Sz-di) 1,2-32 8,21 0,09 3,34-5
. 25,7-27
7 Devon giira (d2) 3,03-5,17 (26.35) - 2.45-10,72
8 Devon dudi (d)) 1,2-52 - - 54-72
9 Carbon - Pecmi (c-p) 1,27 - 7,82 102,23 1,19 2.45-13,02
19,76 - 63,06 0-20
10 Magma (g) 1,0 - 3,35 (40.26) - (1.23)
0,7-1,4 4,12 -4,71
1 Pa (1,05) (9.42) - 6,5-16

2.2. Phuong phap nghién ciru

- Phuong phap diéu tra, thu thép dir liéu: Thu thap, téng hop va hé thong tai licu, cling
nhu diéu tra khao sat thuc té vé kinh té, xa ho1, phong tuc tap quan va xdc dinh cu thé céc
tang chira nude, nguyén nhan suy thoai nguon nude dudi dat.

- Phuong phap phan tich, ké thira: K& thira cac nghién ciru trén thé gidi va trong nudc.

- Phuong phap phan tich dir liéu: Thong ké, sir dung GIS dé thanh 1ap so d6 cac ngudn
nude dudi dat can bao vé.

- Phuong phap chuyén gia: T6 chirc cac hoi thao, tham van y kién chuyén gia dé Iya chon
b tiéu chi, cling nhu cac giai phap.

- Phuong phap phan tich thir bac (AHP): dé xac dinh trong s6 va danh gia cac tiéu chi.

2.3. Co s6 khoa hoc va thuc tién

Dua vao dic diém dia chat thay van, tiém ning nudc dudi dat ving nui cao, vung khan
hiém nudc khu vuc Bac Trung Bo va qua qué trinh dleu tra khao sat va tong hop phan tich
tir cac dir 1iéu nhan thay, nguyén nhén suy thoai ngudn nude nhu sau: Khu vye tang chira
nudce ¢ mién cap trung voi mién phan b cua tang chtra nudc nén tao diéu kién thuan loi cho
su tham thdu cac chét gay 6 nhidm vao nudc ngam; Hién tuong x0i mon dat do mua 16n c6
thé cudn theo cic chat giy 6 nhidm tir bé mit xuong nude ngam; Do xam nhép mén; 10 lut
va han han c6 thé 1am thay ddi dong chay va sy tham thau ctia chat gy 6 nhiém ngudn nudc
ngam; Thay doi dién tich st dung dét; Khai thac nudc khai thac qua mire gdy suy giam; Sir
dung phén bon hoa hoc va thuéc trir siu trong nong nghiép; Chat thai tir hoat dong chan nuoi;
chua dong bd, hé théng hoa vé quy trinh van hanh khai thac nudc; Phong tuc tip quan va
nhan thic cong dong ¢6 han ché trong khai thac va str dung nuéc.

Dua vao két qua ctia cac cong trinh dd nghién ctru trén thé giéi nhu & An Do, Trung
Quoc, Brazil, My,... [1, 8-18] va Viét Nam nhu & dong bang Bic B9, dong bang Nam B9,
Ha N¢i, Tay Nguyén, ...[3, 4, 19, 20].

3. Két qua va thao luan
3.1. Xdy dung bé tiéu chi bdo vé, chong suy thodi nguén nude dudi dat
3.1.1. Bé xuat bo tiéu chi

Trén co s& cac két qua nghién ctru, nguyen nhan gay suy thoai nguon nuée dudi dat ving
nui cao, ving khan hiém nuéc khu vye Bic Trung Bo va tham van ¥ klen cua cac chuyén
gia, nhom tac gia da xay dung bo tiéu chi bao v¢, chong suy thoai nguon nuée dudi dat cu
thé. Chi tiét nhu sau:
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1) Nhom tiéu chi chng suy thoai vé trir lugng

* Tiéu chi 1: Vé ngudn cap

Danh gia thay doi vé luong bd cap cho mién cp cua ngudn nude dudi dat do anh hudng
ctia lwong mua, tham phu, thay d6i dat rimg.

Tiéu chi nay dugc danh gia qua cac chi sb bao gom:

+ Chi 86 1 (I1): Chi sb danh gia mtrc 6 suy giam vé tham phu. Puoc danh gia bang sy
suy giam dién tich rimg: Suy giam nhiéu: 3 diém, Suy giam trung binh: 2 diém, Suy giam it:
1 diem.

Dién tich rirng ndam 2016 — Dién tich rirng nam 2021
h = Dién tich rirng nam 2016 x 100% M

+ Chi 6 2 (I2): Chi s6 danh gia vé luong mua. Pugc danh gia théng qua mirc do suy
giam luong mua trong vong 10 ndm ké tir nm nghién ctru. Suy giam > 20%: 3 diém, tir 10-
20%: 2 diém, < 10%: 1 diém.

T6ng lwong mwa nam 2011 — Téng lwgng mwa nidm 2021

I, = : _ - X 1009 2
2 Tong lwong mwa nam 2011 % @

+ Chi s 3 (I3): Chi s6 danh gia vé chidu sau muc nudc. Puoc danh gia qua chiéu sau
muc nude tinh > 20 m: 3 diém, > 10-20 m: 2 diém, < 10 m: 1 diém.

Diém cia tiéu chi dugc tinh bang T (Piém chi s6 x Trong s6 cua chi s6).

* Tiéu chi 2: V& trit lugng khai thac an toan tranh 6 nhiém, xdm nhap man, sut lin nén

dat
Tiéu chi nay danh gia kha nang dap tng khai thac tranh 6 nhiém, xAm nhap min, sut lun

nén dat [3]. Puoc danh gia qua chi sé 4: Chi sé vé trit luong khai thac an toan

L= Tong lwong khai thac nwéc dwédi dat « 100% 3
4 Trit lwong khai thac an toan ’ ®

C6 ba kich ban danh gia: Kich ban 1: Tong lugng khai thac < Trit lugng khai thac an
toan nudc dudi dat, tirc 1a < 80 %, dugc tinh 1 diém; Kich ban 2: Tong luong khai thac ~ Trix
lugng khai thac an toan nudc dudi dat, tirc 1a 80% - 100%, duge tinh 2 diém; Kich ban 3:
Téng luong khai thac > Trit lugng khai thac an toan nudce dudi dat, tirc 13 > 100%, dugc tinh
3 diém.

* Tiéu chi 3: Vé gidi han khai thac cong trinh

Gi6i han muc nude khai thac 1a mirc do t6i da ma nudce ngﬁm c6 thé duoc khai thac tur
mot ting chtra nudc hoic mot ngudn nude ngam cu thé ma khong gy ra cac tac dong tiéu
cuc dén méi truong va tai nguyén nudc [3], dugce tinh toan theo cong thirc nhur sau:

L T6ng lwong khai thac nwéc dudi dat < 1009 @
> Téng lwong bd cip tw nhién °

C6 ba kich ban danh gia: Kich ban 1: Dam bao khai thac an toan: Tong lugng hit ra <
Téng luong bd cap tu nhién, Is < 80%: 1 diém; Kich ban 2: Khai thac két hop bd sung nhan
tao trir lugng: Tong lwong hit ra gan bang Tong lwong bd cap tu nhién, tirc 1a Is = 80-100%:
2 diém; Kich ban 3: Khai thac khong an toan, can han ché khai thac: Téng luong hat ra >
Téng luong bd cap tu nhién, tac 1a Is > 100%: 3 diém.

Chi s6 danh gia giéi han muc nude khai thac duoc tinh bang ty 1¢ ciia chiéu sau ha thap
muc nudce clia 16 khoan so véi ngudng muc nudce khai thac cho phép.

Chigu sau ha thdp muc nwéc cia 16 khoan
le = Nguwéng muc nwdce khai thac cho phép * 100% ®)

Chi sb Is duoc phan thanh 3 cip nhu sau: Is >60%: tinh 3 diém; 30 < Is < 60%: tinh 2
diém; 0 < Is < 30%: tinh 1 diém.

Diém cua tiéu chi dugc tinh bang T (diém tiéu chi x trong s6 cua chi sd).

Theo Khoan 2, Diéu 32 Nghi dinh 53/2024/ND-CP ngay 16/5/2024 cua Thu tuéng Chinh
phu, quy dinh chi tiét thi hanh mot s6 diéu cia Luat Tai nguyén nude, ngudng khai thac nudc
dudi dat cho phép khu vuc Bic Trung Bo 1a khong vuot qua 50m.
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2) Nhom tiéu chi chdng suy thoai vé moi truong

* Tiéu chi 4: Vé nguy co xdm nhap min nude dudi dat

Tiéu chi vé& nguy co x&m nhap man nudc dudi dat duge danh gia khoang céch tir ranh
man 1,5 gram/lit dén cong trinh khai thac gan nhat. Chi sé |7 duoc phan thanh 3 cap: |7 <
1km: dwgc tinh 3 diém; 1 km < l7 <2 km: tinh 2 diém; |7 > 2 km: tinh 1 diém.

* Tiéu chi 5: V& nguy co 6 nhiém

Tiéu chi nay dugc danh gia dya trén 2 chi s6 1a Chi sb 8 (Is): Chi s6 danh gia anh huong
ctia chit gy 6 nhidm va Chi sé 9 (lg): Chi s6 dénh gia anh huéng ciia ngudn c6 nguy co giy
6 nhiém.

Chi s6 8 (Is) dugc danh gia bang két qua phén tich mau nude dudi dat so voi Quy chuan
09:2023/BTNMT, quy chuin ky thut qudc gia vé chét lugng nuéc dudi dat va phan thanh 3
cap: Xuat hién O nhiém vi luong (gom céc chi tiéu: As, Cd, Pb, Cr, Cu, Zn, Mn, g, CN,
Phenol), Thuéc BVTV, phong xa, TDS: 3 diém; Xuit hién 6 nhiém ni to, sit, vi sinh
(Coliform, E. Coli): 2 diém; Khong xuét hién 6 nhiém: 1 diém.

Chi s6 9 (Ig) dwoc dénh gia dya trén khoang cach tir ngudn c6 kha nang gy 6 nhidm dén
vung nghién ctru va phén chia thanh 3 cép, xac dinh nhu sau: Ip < 1km: 3 diém; 1 km < [g<
2km: 2 diém; Iy >2km va ving khong anh huong: 1 diém.

Piém cia tiéu chi duoc tinh bang £ (dlem tiéu chi x trong sd cuia chi s).

* Tiéu chi 6: Kha ning tu bao vé cia ngudn nudc dudi dat

Tiéu chi nay danh gia kha nang tu bao v¢ cua cac tang chira nude [3, 21], dugc danh gia
thong qua Chi 86 10 (110): Chi s6 kha nang ty bao vé cua ngudn nudc.

Dé tinh toan l1o, nhom tac gia sir dung phuong phap GOD dé phan ving ty bao vé tang
chtra nude, do Foster dua ra nam 1987. Cac chir viét tat cia GOD c6 ¥ nghia nhu sau: G -
Tinh chét ap luc cia ting chira nudc (c6 ap, ban ap, khdng 4p....); O - Thanh phan 16p phu;
D - D6 sau dén muc nudc dudi dat. Chi sé Iio duwoc phan thanh 3 cip. Ty bao vé tot: 1 diém;
Tu bao v¢ trung binh: 2 diém; Ty bao vé kém va rat kém: 3 diém.

3) Nhom tiéu chi chdng suy thoai do yéu t6 kinh té - xa hoi

* Tiéu chi 7: V& ché do van hanh, bao dudng cong trinh khai thac

Tiéu chi nay dugc danh gia thong qua Chi s6 11 (I11): Chi s6 vé ché do van hanh cta
cong trinh. Nguyén tic cho diém ciia chi s6 dya trén: thoi gian van hanh cang dai thi chi phi
van hanh va chi phi bao dudng cang ting. l11 < 6h/ngdy: 1 diém; 6 < I11 < 12h/ngdy: 2 diém;
11> 12h: 3 diém.

* Tiéu chi 8: Vé phong tuc tdp quan trong khai thac nudce

Tiéu chi nay dugc danh gia da trén s6 lugng dan toc thudc nhom dén tde it nguoi (theo
thong ké dan s6 Viét Nam, Tong cuc thong ké nam 2019) [22] sinh song ¢ khu vue nghién
ctru. Tiéu chi nay dugc danh gia thong qua Chi sb 12 duoc phan thanh 3 cap. Nhom dén toc
< 10.000 nguoi: 3 diém; Nhom déan toc 100.000 - 1 tridu nguoi: 2 diém; Nhom dan toc > 1
triéu nguoi: 1 diém.

* Tiéu chi 9: Vé gia nudc

Tiéu chi nay danh gia mirc do chénh don giad nude cua cac dja phuong v6i mirc tran gia
nudce cho khu vye nong thon theo Thong tu 44/2021/TT-BTC. Pugc danh gid thong qua Chi
s6 13 (I13) duge phan thanh 3 cap: 0 <113 <2000d: 3 diém; 2000 < I13 <5000: 2 diém; 113
>5000d: 1 diém.

* Tiéu chi 10: Tiéu chi vé co ché, chinh sach quan 1y tai nguyén nude

Tiéu chi vé co ché, chinh sach quan 1y tai nguyén nuéc danh gia vé mirc d6 quan tim veé
quan 1y ddi véi tai nguyén nudc, thong qua viéc ban hanh cac van ban vé quan 1y tai nguyén
nudce cua tinh bao gom: Quy hoach TNN; Phén vung cém ving han ché khai thac nudc dudi
dat; Kem ké tai nguyén nudc; Danh muc ngudn nudc can 1ap hanh lang bao v&; Danh muc
ngudn nude ndi tinh; Danh muc hd ao khong dugc phép san lap, ... Pugc phan thanh 3 cip:
l14 < 4 vin ban - Mirc d6 quan 1y (QL) thap: 3 diém; C6 4 < I14< 6 vin ban - Muc do QL
trung Binh: 2 diém; C6 14> 6 vin ban - Mirc d6 QL Cao: 1 diém.
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* Tiéu chi 11: Tiéu chi v& nhan thirc cong dong

Tiéu chi nay dugc danh gia qua 3 chi s6:

Chi s6 15 (Iis) - CF: Kha nang tai chinh Théng 5O nay dugc danh gia khi quan sat thiy
thang du thu so v6i chi trong moi twrong quan v6i mirc t6i thiéu va tdi da cua qubc gia [1].
Céc gia tri t6i thiéu va t6i da nay dugc sir dung 1am chuan dé tinh gia tri cho chi bao tai chinh
(CF), nhu thé hién trong biéu thirc:

Lis(Cp) = 100 — (22 x 100) (6)

Fmax—=Fmin

Trong d6 Fmin 12 thing du tdi thiéu binh quin dau ngudi cia qudc gia; Fmax 13 thing du
t6i da binh quan dau ngudi cia qudc gia; s 1a thing du trung binh binh quin diu nguoi cua
khu vuc nghién cuu.

Chi s6 16 (Ii6) - CE Gi4o duc Gi4 tri chi sb dwoc danh gia dya trén trinh d6 hoc van trong
xa hoi [1].

Diém cua chi sé (I16) duoc tinh toan dua trén ty 16 phan trim dan sé dudi d6 tudi 18-50
da dat trinh d6 trung hoc phd thong:

Li6(Cg) = 100 — (22222 5 100) (7)

Emax ~Emin

Trong d6 Emax 1a viing ¢6 phan trim dan s6 c6 trinh d6 t6i thiéu 1a THPT nhiéu nhét cia
qudc gia; Emin 12 viing ¢6 phan tram déan s6 co trinh d6 téi thiéu 1a THPT it nhat cta qudc gia;
e 14 phan tram dan sd ¢6 trinh d6 t6i thiéu 1a THPT cua vung nghién ctu.

Ce =100 néu e =76,56%; Ce =0, néu e = 54,86%:; néu 54,86% < e < 76,56%, thi phuong
trinh trén dugc su dung.

Chi s6 17 (I17) - Prv: Dao tao Chi sO nay phan anh nang lyc cta xa hoi vé mit xtr 1y tai
nguyén nudc ngot sau khi trao quyén cho ho bang dao tao co ban vé xtr Iy va quan Iy tai
nguyén nudce [1]. Pé tinh diém cho chi sé nay (PTV), phan trim s6 ngudi duge dao tao va
trao quyen da dugc tinh toan va nhan véi mot h¢ s6 cho céc linh vire khac nhau nhu thé hién
trong biéu thuc sau voi hé sb duge dao tao cong nghiép 1a 1, dao tao khac 1a 0,5 va khong
duoc dao tao 1a 0.

I;; (Pry) = (n + 0.5t) X 100 (8)

Trong d6 n 14 s6 % nguoi dugce trao quyén c6 dao tao voi cac ki nang cong nghiép; t 1a
sO % nguodi duogc dao tao khéac lién quan; Thang diém danh gia chi s6 Iis, l1s, l17 nhu sau: <
50%: 3 diém; 50-75%: 2 diém; > 75%: 1 diém.

Piém tiéu chi bang diém trung binh cong ctia cac chi sb.

3.2. Xdc dinh trong sé b tiéu chi

3.2.1. Phuong phap xac dinh trong sb bo tiéu chi

Muc dich 1a dé su dung B0 ti€u chi danh gia murc d6 bao v¢, chéng suy thoai phuc vu
khai thac bén viing nguén nude dudi dat vung nghién ctru. Str dung phuong phap phén tich
thir bac (AHP) [23] dé lua chon trong s6 cuia cac tiéu chi trong nhom tiéu chi. Déi voi cac
tiéu chi co 2 chi 0, sur dung phuong phap chuyén gia dé xac dinh tiéu chi quan trong hon.
Déi véi cac tiéu chi 6 tir 3 chi s6 tro 1€n, s dung phuong phap AHP dé xac dinh trong s6
cho cac chi sb trong tiéu chi.

Biing 2. BO tiéu chi bio v¢, chong suy thodi phuc vu khai thic bén vimg ngudn nude dudi dat ving

nli cao, vung khan hiém nudc thudc khu vuc Bac Trung BJ.

Hién trang suy giam vé

Hién trang suy giam vé trir lugng Hién trang suy giam do yéu tb kinh té - xa hji

STT moi truong
TC1 TC2 TC3 TC4 TC5 TC6 TC7 TC8 TC9 TCI0 TC11
Tén chi sb 1 12 13 4 15 16 17 I8 19 110 111 112 13 114 115 116 117
Trong sb cac
nhém tiéu chi 1.0 10 1,0
Trong s0 cac 051 0,19 0,31 0,443 03873 017 007 014 011 025 0,44

tiéu chi
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Hién trang suy giam vé

STT Hién trang suy gidm vé trir lugng méi trurdmg Hién trang suy gidm do yéu t6 kinh té - xa hi
TC1 TC2 TC3 TC4 TCS TC6 TC7 TC8 TC9 TCI10 TC11
Tronesdcd 022 o046 032 1 04 06 1 06 04 1 1 1 1 1 1 1 1
chi s0
,Diém_ E(")ng, < 4: Mitc d6 bao vé, chéng suy thoai ngudn nuée Tt
danh gia muc
do bao ve, 4 - 6 : Mirc d6 bao vé, chéng suy thoai ngudn nuée Trung Binh
chong suy
thodi n'guén > 6: Mirc d6 bao v&, chéng suy thodi ngudn nude Kém
nudc

3.2.2. Kiém tra phu hop cua trong s dé xuat

a) Tiéu chi nhém 1:
Keét qué kiém tra tinh phu hgp cua trong so cac tiéu chi thugc nhom ti€u chi 1 nhu sau:

Bang 3. Tinh tinh phu hop cua trong sé nhém tiéu chi 1.

Gi4 tri riéng 16n nhét ciia ma tran so sanh cip Ymax = 3,01
Chi s6 ngau nhién RI = 0,58
Chi s nhat quan Cl= 0,01
Ty 1é nhét quan CR= 0,92

Két luan: CR = 0,92% < 10%, dat yéu cau.
Két qua kiém tra tinh phu hgp cua trong s6 céc chi s6 thudc ti€u chi 1 nhu sau:

Bang 4. Tinh tinh pht hop ciia trong s tiéu chi 1.

Gi4 tri riéng 16n nhét ciia ma tran so sanh cip Ymax = 3,09
Chi s6 ngau nhién Rl = 0,58
Chi s nhat quan Cl= 0,05
Ty 1é nhét quan CR= 8,14

Két ludn: CR = 8,14% < 10%, dat yéu cau
b) Tiéu chi nhém 2:

Bang 5. Tinh tinh pht hop cia trong sb nhém tiéu chi 2.

Gi4 tri riéng 16n nht ciia ma tran so sanh cip Ymax = 3,02
Chi s6 ngau nhién RI = 0,58
Chi s6 nhit quan Cl= 0,01
Ty 1& nhit quan CR= 1,78

Két luan: CR = 1,78% < 10%, dat yéu cau.
¢) Tiéu chi nhém 3:

Bang 6. Tinh tinh phi hop ciia trong sb nhém tiéu chi 3.

Gi4 tri riéng 16n nht ciia ma tran so sanh cip ymax= 5,19
Chi sé ngau nhién RI= 1,12
Chi s6 nhit quan Cl= 0,05
Ty 1é nhét quan CR= 4,27

Két luan: CR = 4,27% < 10%, dat yéu cau.

3.3. Két qud tinh todn dinh lirong b tiéu chi

Trén co s6 bd tiéu chi, nghién ctru da dinh lugng b tiéu chi cho vung ndi cao, vung khan
hiém nudc khu vuc Bac Trung Bo dugc thé hién trong bang 7.
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Bang 7. Két qua tinh toan dinh lugng bé tiéu chi bao vé, chdng suy thoai phuc vu khai thac bén viing
ngudn nude dudi dat vung nui cao, vung khan hiem nudce thude khu vuc Bac Trung Bo.

Diém dinh  Diém dapn ~ Dicm danh - Dicm tong
A R cxpen gia hién danh gia murce
Tang gid hi¢n gid hién trang su do bao vé
STT Tinh Vung chira trang suy trang suy ‘rang suy £ - Danh gia
. . A 4o . X . gidm do yéu chong suy
nwéc  gidm veé trivr  gidm vé méi PSRN ‘e £
\ to kinh té - tho4i nguon
lwong truong R .
xa hoi nuoc
1 Chau Loc c-p 1,58 1,34 2,19 511 Trung binh
2 Chau Thuan c-p 1,40 1,57 2,12 5,09 Trung binh
3 Poén Phuc n 1,74 1,40 2,19 5,34 Trung binh
4 Ha Son c-p 1,78 1,49 1,89 5,16 Trung binh
5 Mau buc S2- 1 1,96 1,40 2,19 5,55 Trung binh
6 Nghi Tién t3 1,74 2,54 2,12 6,40 Kém
Nghé An A )
7 Nghi Yén t3 1,56 2,54 2,19 6,28 Kém
8 Nghia Loi t2 2,14 1,34 2,19 5,67 Trung binh
9 Nghia Tho Bq 1,82 1,88 2,19 5,89 Trung binh
10 Thanh Xuan 2 1,78 1,49 1,68 4,95 Trung binh
11 Tho Son c-p 1,67 1,34 1,75 4,76 Trung binh
12 Van Loi c-p 1,78 1,80 2,33 5,91 Trung binh
13 Thach Tri n 1,54 1,73 2,44 5,70 Trung binh
14 Thach Xuan t 1,54 1,88 2,44 5,86 Trung binh
15 bic An t2 1,54 2,11 2,44 6,09 Kém
Ha Tinh
16 Son Ninh 03-S1 1,43 1,80 2,44 5,67 Trung binh
17 Son Tho 03 - S1 1,94 1,57 2,44 5,95 Trung binh
18 Xuan Lam g 1,74 1,65 2,44 5,83 Trung binh
19 Dan Hoa d> 1,32 1,80 2,44 5,56 Trung binh
20 Thanh Hoa d2 1,16 1,40 2,44 5,00 Trung binh
21 ng;‘;f Trung Hoa cp 1,32 1,57 2,44 5,33 Trung binh
d1 1,69 1,88 2,30 5,88 Trung binh
22 Phuc Trach
c-p 1,69 1,88 2,30 5,88 Trung binh
Hudng .
23 Qiépg Phung S2 1,53 2,69 2,44 6,66 Kém
Il
24 ’ Linh Thuong 03-%1 1,69 2,69 2,44 6,82 Kém
Két qua danh gia mirc d§ bio vé, chdng suy thodi nwéc dwéi dit khu vue Bic
Trung B
14
12
10
8
6
10
4
2 5 5
0
Nghé An Ha Tinh Quang Binh Quang Tri
Sé vung c¢6 muc dd bao vé chéng suy thoai kém
S6 viing co mitc d6 bao vé chdng suy thoai trung binh

Hinh 2. Biéu d6 két qua danh gia mirc d6 bao vé, chdng suy thoi nude dudi dat ving ndi cao, ving
khan hiém nudc thude khu vyc Bac Trung B9.
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khan hiém nuéc thudc khu vuc Béc Trung BJ.

104°00°E.
h

10

Qua hinh 2, két qua danh gia cho thiy: Tai khu vuc Bic Trung Bo c6 20 ving c6 mirc
d6 bao vé&, chdng suy thodi trung binh, trong d6 tinh Nghé An c¢6 10 ving, tinh Ha Tinh ¢6 5
ving, tinh Quang Binh ¢6 5 ving (chiém ty 18 100%); 5 ving c6 mirc do bao vé, chdng suy
thoai kém, trong d6 tinh Nghé An c6 2 vung, tinh Ha Tinh c6 1 vung va tinh Quang Tri 2
ving (chiém ty 18 100%).

Ty 1€ danh gia mirc d§ bao v¢, chong suy thoai nguon nwéc
cac vung nui cao, vung khan hiém khu vuc Bac Trung Bo

mTrung binh = Kém

Hinh 3. Biéu db ty 18 danh gia muc d6 bao vé, chdng suy thoai nude dudi dat ving nii cao, ving

105°00°E
h

106°00'E
h
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h
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giam do yéu t kinh té xa hoi 1a thap nhat.

T
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Hinh 4. (a) Ban db thé hién danh gia muc do bao vé, chdng suy thoai nudc dudi dét theo cac nhom
danh gia vé trir luong, moi truong, KT-XH khu vuc Bic Trung Bo; (b) Ban dd thé hién két qua danh
gi4 mirc do bao vé, chdng suy thoai nude dudi dat ving ndi cao, ving khan hiém nudce thude khu
vuc Béc Trung Bo.

Hinh 4(a) cho thdy mirc d6 bao vé, chdng suy thodi nudc dudi dat theo cac nhom, trong
d6é muc do bao v¢, chong suy thodi cua nhom trir lugng chiém ty 1¢ cao nhat va nhom suy

Hinh 4(b) cho thay vung c6 mure do bao v¢, chéng suy thoai nuéc dudi dat kém phan bd
cht yéu & khu vyc ven bién va viing nui cao sat bién gidi véi Lao.
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4. Két luan va Kién nghi

Nhu vay, tir két qua nghién ctru cho thdy ving nli cao, ving khan hiém nudc khu vuc
Bic Trung Bo ¢ 11 tang chira nudc tudi tir Neogen dén Cacbon - Pecml v0i luu luong khai
théc cong trinh du bao 14 10.237 m*/ngay, c6 kha nang cung cap cho tong sb 102.370 ngudi
g véi tiéu chuan str dung nude 100 l/nguoi/ngay.

Dé bao vé va chong suy thoai ngudn nude ngam khu vie nay, nhom tac gia da xay dung
dugc bo tiéu chi, gdbm c6 3 nhom tiéu chi: Nhom tiéu chi chdng suy thoai vé trit luong c6 3
tidu chi va 6 chi s6; Nhom tiéu chi chdng suy thoai vé méi trudng (c6 4 tiéu chi va 5 chi sd);
Nhom tiéu chi chdng suy thodi do yéu t kinh té - x4 hoi (c6 4 tiéu chi va 6 chi s6). Két qua
dinh lwong mirc d6 bao vé, chdng suy thoai ngudn nude dudi dat & khu vuc co 5 ving c6
mirc d6 bao vé chdng suy thoai kém va 19 ving c6 muc dd bao vé chdéng suy thoai trung
binh, cac ving c6 muic d6 chdng suy thoai kém phan bé 0 Ngh¢ An, Ha Tinh, Quang Tri.
Nguyén nhén chdng suy thoai kém chi yéu do cac yéu t6 suy giam vé chét luong va do cac
yéu to vé quan ly tai nguyén nudce, nhén thirc cong dong.

Tir két qua danh gia bo tiéu chi bao vé va chong suy thoai ngudn nudc dudi dat nhom
tac gia da so bo xac dinh dugc cac nguyén nhan din dén suy thodi cta khu vuc nghién ciru,
tir 46 dé xuét duoc cac giai phap khoa hoc, k¥ thuat ciing nhu nhimg chinh sach hd trg dé
giam thiéu suy thoai, bao vé va dam bao khai thac bén viing ngudn nude dudi dat [24, 25].
Céc giai phap bd sung nhan tao va ché d6 khai thac hop 1y ngudn nude dudi dat 1a rat can
thiét, cling nhu cén giam sat chét ch& vung bao ho vé sinh khu vyc lay nuéc sinh hoat va
vung bao vé mién cip (ving b cap) tai cic cong trinh voi ban kinh ving cho timg cong trinh
t6i thiéu 1a 20m, dién tich bao vé vung bd cap tir 0,7 dén 11,0 km?.

Céc ving nghién ctru ciia D& tai trai dai ¢ nhiéu ving khac nhau trén lanh thd, bo tiéu
chi dugc xay dung cho 5 khu vic Bic Bo, Bic Trung Bo, Nam Trung B9, Tay Nguyén, Nam
B, mdi khu vue déu co nhitng dac diém cAu tric dia chit, dia chat thuy van, dac diém dan
cu kinh té x4 hoi khac nhau nén cac tiéu chi danh gia va mirc d6 anh huong ciia mdi tiéu chi
& mdi ving ciing c6 sy khac nhau. Viéc dua ra céc tiéu chi ciing nhu cach danh gia cac tiéu
chi c¢6 thé c6 nhiéu quan diém khac nhau tuy nhién nhém tac gia da c6 ging tan dung phan
tich cac dir liéu thuc tién ciing nhu trao doi, tham véan y kién cac chuyén gia trong cac linh
vuc dé dua ra dugc bo tiéu chi va nguyén tic danh gia cac tiéu chi don gian, hiéu qua nham
dap tng cho nhu ciu ap dung thyc té bo tiéu chi & cac dia phuong sau khi dé tai két thuc.

DPong gop cua tac gia: Xay dung y tuong nghién cou: T.V.D., P.T.T.; Lua chon phuong
phéap nghién cou: P.T.T., N.T.L.A.; Xt ly, phan tich so0 liéu: P.T.T.,, N.T.L.A,, P.T.H.N; Xay
dung bd ti€u chi: T.V.b., P.T.T.,, N.-T.L.A.; Viét ban thdo bai bdo: P.T.T., N.T.L.A,,
P.T.H.N.; Chinh stra bai b4o: T.V.D.

Loi cam on: Xin duoc cam on Dé tai DPTPL.CN-63/21 “Nghién ctru xay dung b tiéu chi

nham quén 1y, bao vé, chong suy thoai phuc vy khai thac bén ving nguon nuée dudi dat ving
nui cao, ving khan hiém nuéc” da cung cap so lidu va tai lidu dé viét bai bao nay.

Loi cam doan: Tap thé tac gia cam doan bai bao nay la cong trinh nghién ctru cua tap thé
tac gia, chua dugc cong bo ¢ dau, khong dugc sao cheép tir nhiing nghién ctru trude day;
khong ¢o6 su tranh chap loi ich trong nhom tac gia.
Tai liéu tham khao

1. Ajit, P.S., Bhatar, P. Development of groundwater sustainability index: a case study of

westein arid region of Rajasthan, India. Environ. Dev. Sustainabilitity 2021, 23, 1844—
1868.

2. Wang, Z.; Wu, Q.1.A.N.G. Development of groundwater sustainability indicators. IAHS
Publication, 2006, 302, pp. 29.



Tap chi Khi tuwong Thuy van 2025, 770, 1-13; doi:10.36335/VNJHM.2025(770).1-13 12

3.

10.

11.

12.

13.

14.
15.

16.

17.

18.

19.

20.

21.

Canh, D.V. Nghién ctru d& xuat céc tiéu chi va phan viing khai thac bén viing, bao vé tai
nguyén nudc dudi dit vang dong biang Bic Bo va dong biang Nam Bo, Ma sé:
KC.08.06/11-15. B4o céo tong két dé tai, 2015.

Hoa, L.T., T.X.Q. Dé xuét bo chi s6 tai nguyén nuéc phuc vu cdng tac quan ly, bao vé
tai nguyén nudc trong tang truong xanh. Pai hoc Duy Tan, 2017.

Hoan, H.V. Béo céo két qua giai doan 1 dy &n “Diéu tra, tim kiém nguén nudc dudi dat
tai cac vuing ndi cao, vung khan hiém nuéc”, kém theo quyét dinh sé 673/QD-BTNMT
ngay 06 thang 4 nam 2022, Bo trudng Bo Tai nguyén va Mai truong phé duyét két qua
va quyét todn nhiém vu chuyén mon hoan thanh giai doan 1 dy 4n “Diéu tra, tim kiém
ngudn nudce dudi dat tai cac ving ndi cao, viing khan hiém nudc”. Trung tim Quy hoach
va Piéu tra tai nguyén nuéc qudc gia, 2020.

Dan, N.V.; Vo, L.V.; Suu, G.; Ty, B.T.; Hai, N.T.; Thanh, T.N. Nué&c dudi dat dong
bang ven bién Bic Trung bo. Cuc Dia chat va Khoang san, 1996.

Tam, V.T. Béo céo “Bién hoi - thanh 1ap ban d tai nguyén nude dudi dat ty 1é 1/200.000
cho céc tinh trén toan quéc”. Trung tim Quy hoach va Piéu tra tai nguyén nudc qubc
gia, 2018.

Anna, B. Sustainability of groundwater resources and its indicators. Proceedings of
symposium S3 held during the Seventh IAHS Scientific Assembly at Foz do Iguacu,
Brazil, April 2005). IAHS Publ. 302, 2006.

Alley, W.M.; Reilly, T.E.; Franke, O.E. Sustainability of GW resources. U.S.
Geological Survey Circular 1186, Denver, Colorado, 1999, pp. 79.

APN project. Enhancing the groundwater management capacity in Asian cities through
the development and application of groundwater sustainability index in the context of
global change. Project Reference Number: CBA2013-06NSY-SHRESTHA.

James, J.M.; Neil, A.L.; David, J.D.; Kasey, S.W. Climate Change: Impacts, Adaptation,
and Vulnerability. Publilished by the press syndicate of the University of Cambridge,
2001.

Joseph, B.M.; James, N. A Hybrid AHP and Taguchi Loss Function Method for Supplier
Selection. J. Supply Chain Manage. Syst. 2018, 7(4), 20-30.

Melissa, M.R.; John, C.S.; Micheal, B.S.; Dar, A.R.; Kelly, K.C.; Christine, M.A.
Establishing ecological thresholds and targets for groundwater management. Nature
Water 2024, 2, 312-323.

Russell, C. The Hydrological Impacts of Climate Change on Groundwater, 2007.

US geological survey. Effects of climate variability and change on groundwater
resources of the United States. Fact Sheet 2009-3074, 20009.

Vrba, J.; Zaporozec, A. (Eds). Guidebook on mapping groundwater vulnerability.
IAH/UNESCO, Vol.16. Heise, Hannover, 1994,

Vrba, J.; Girman, J.; van der Gun, J.; Haie, N.; Hirata, R.; Lopez-Gunn, E.; ... Wallin, B.
Groundwater resources sustainability indicators. A. Lipponen (Ed.). Paris: Unesco,
2007, pp. 114.

William, C.W. Groundwater resource evalution. McGraw-Hill Book Company,
NewYork, 1970.

Giang, N.V. Nghién ctru, xay dung b tiéu chi bao vé c4c tang chtra nudc trong tram tich
Pé tir khi thi cong xay dung cong trinh ngam. Ap dung cho TP. Ha Noi, Ma sé
TNMT.2016.02.03. Bao c4o tong két dé tai, 2017.

Nguyet, V.T.M.; Canh, D.V.; Phuc, D.D.; Minh, T. Nghién cttu xac lap ti€u chi, phuong
phap va quy trinh danh gia trlr lugng khai thac nude dudi dat. Ap dung thir nghiém tai
mot sé khu vye. Vién Khoa hoc Dia chat va Khoéang san, 2009.

Aller, L.; Bennet, T.; Lehr, J.H.; Petty, R.J.; Hackett, G. DRASTIC: A Standardized
System for Evaluating Groundwater Pollution Potential Using Hydrogeologic Settings.
US Environmental Protection Agency. Ada, Oklahoma. EPA/600/2-87-036, 1987.



Tap chi Khi tuwong Thuy van 2025, 770, 1-13; doi:10.36335/VNJHM.2025(770).1-13 13

22. Téong cuc Théng ké. Dan sé cac dan toc Viét Nam. Théng tin dan sd,
https://danso.info/dan-so-cac-dan-toc-viet-nam/.

23. Truong, N.H. Ap dung phuong phap phan tich thir bac (AHP) trong lya chon phuong an
thiét ké cac du an thuy loi. Trung tdm tu van PIM - Vién Khoa hoc Thay loi Viét Nam,
2020.

24, Duong, H.H. Nghién ctru dé xuat cac mé hinh, giai phap cong ngh¢ khai thac va bao vé
ngudn nudc trong cac thanh tao Bazan phuc vu cap nudc sinh hoat bén viing tai cac vung
ndi cao, khan hiém nudc khu vuc Tay Nguyén, Ma s6 DPTDL.CN-65/15. Bao céo tong
két dé tai, 2019.

25. Vinh, P.T. Nghién ctru dé xuit cac mo hinh thu gom khai thic bén viing ngudn nudc
mach 1§ phuc vu cép nudc sach cho cac vung nui cao, vung khan hiém nuéc khu vuc
Tay Nguyén, Mi s6 PTDL.CN-64/15. Bo céo tong két dé tai, 2018.

Proposing criteria for protection and prevention of degradation
to sustainably exploit groundwater resources in high mountain-
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Abstract: The high mountainous and water-scarce regions of the North Central area include
24 regions, as identified by the Prime Minister’s Decision No. 1553/Qb-TTg dated
November 8, 2019, and contain 11 aquifers ranging in age from the Neogene to the
Carboniferous-Permian period. The calculated total exploitable groundwater reserves
amount to 61,346 m3/day, with a predicted total extraction flow rate of 10,237 m3/day, which
could potentially supply water to 102,370 people at a rate of 100 liters per person per day.
To sustainably extract and prevent the degradation of groundwater resources, the authors
developed a set of criteria, categorized into three groups: Prevention of quantity degradation
(comprising 3 criteria and 6 indicators); Prevention of environmental degradation
(comprising 4 criteria and 5 indicators); and Prevention of degradation due to socio-
economic factors (comprising 4 criteria and 6 indicators). Using these criteria, the article
employed the Analytic Hierarchy Process (AHP) method to determine the weights and
evaluate the criteria. The results indicate that 20 regions have a medium level of protection
against degradation, while 5 regions have a poor level of protection, mainly due to factors
related to the deterioration of water quality and resource management, as well as community
awareness.

Keywords: AHP method; Protection criteria; Groundwater; Water scarcity; North Central
Vietnam.



