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Tém tit: Xac dinh ngudn nudc va giai phap cip nudc sinh hoat va nong nghiép cho khu vire
thiéu nude sinh hoat va nong nghiép & viing cao, ving khan hiém nudc, dac biét tinh Son La
1a can thiét, phu hop vé6i cha truong cua Chinh phu theo Quyét dinh s6 264/Qb-TTg ngay
2/3/2015. Nghién ctru st dung t6 hop nhiéu phuong phap bao gom phuong phap tong hop
phan tich thong ké, diéu tra khao sat thyc dia, phuong phap mo hinh toan va phuong phap
chuyén gia dé xac dinh ngudn nude cho cac xi dic biét kho khan trén dia ban tinh Son La, tur
do de Xudt cac mo hinh khai thac, s dung bén viing nguon nudc dua trén bd tiéu chi vé
ngudn nudc, Ve diéu kién khai thac, vé van hoa xa hoi, vé moi truong, vé kinh té, vé k¥ thuat
cong nghé, vé quan 1y va khai thac dam bao ngudn nudc sinh hoat cho sinh hoat va nong
nghiép cho cac khu vuc thiéu nuéc trén dia ban tinh Son La.

T khoa: Nguén nudc; Khu vuc thiéu nudc; Son La.

1. Mé& dau

Viéc nghién ctru xac dinh ngudn nude va cac giai phap cdp nudc cho sinh hoat va néng
nghiép dang duoc quan tam, dac bi¢t tai nhiitng khu vuc khan hiém nudc. Theo nghién ctru
ctia [1] thi dén ndm 2025 trén thé giéi co khoang 40% dan s toan cau sé& b thiéu nudc ding
cho sinh hoat va tréng trot, dic biét & Bac Phi, Nam Phi, Nam A va Trung A. Pén nam 2050,
du bao c6 khoang 1,4 ty nguoi khong du diéu kién tiép can voi nude sach va vé sinh ndng
thon. Nhu cau nudce sir dung cho néng nghiép chiém khoang 70% luong nudc toan cau, chu
yéu 1a dé tudi tiéu — con sb nay s¢ tang 1én ¢ cac vung co ap luc nude cao va mat do dan sO
cao. Nganh cong nghiép chiém 20% téng nhu cau sir dung nude, chi yéu la dung trong nganh
cong nghiép nang lugng va san xuat 10% con lai str dung cho sinh hoat. Nhiimg vung nui cao
khan hiém nuéc thuong co it s6 liéu quan trac thuong gy kho khian cho viéc danh gia trir
lwong, chat lvgng nudc dé phuc vu cip nudc cho sinh hoat va ndng nghiép. Hiép hoi Quéc té
khoa hgc thuy van ban hanh mét sang kién vé dy béo luu lugng cho luu vuc khong cé tram
quan tric (Predictions in Ungauged Basins — PUB) vao nim 2003, v6i muc dich du doan hay
du bao cac phan tng thuy van trén luu vuc khong c6 hodc it tram do va tinh bét dinh cua gia
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tri tinh toan. Nghién ctru [2] da sir dung m6 hinh SWAT danh gia kha nang du toan dong chay
dudi cac diéu kién khi hau khac nhau cho 3 luu vuc co s¢ trong luu vuc song Washita voi
dién tich 610 km? ndm phia Dong Nam Oklahoma, day 1a khu vuc ¢6 diéu kién kho khan vé
nguon nudc. [3] cung sir dung m6 hinh SWAT tinh toan dong chay cho luu vuc nghién ctru
nhé nim & Bac phi, két qua chi ra rang mo hinh nay tinh toan t6t hon v6i diéu kién khi hau
khd. Str dung SWAT nghién ctru hé qua cua hoat dong bao ton thién nhién trong chuong trinh
danh gia hiéu qua bao ton thién nhién USDA [4-5] thuc hién danh gia cho cac khu vuc 16n
nhu luu vue thugng ngudn song Mississsippi va toan bd My [6-7]. O Chau Au, céc nghién
ctru img dung md hinh SWAT trong danh gia du bao dong chay cling dugc nghién ctru dé cap
nhiéu [8-11]. [12] d4 diéu tra, khao sat thuc dia danh gia tinh hinh st dung ngu6n nu6c mat
cho sinh hoat tai tinh Ninh Binh, xac dinh nguon nudc st dung chinh cho sinh hoat, mtc d
dam bao cho sinh hoat vé mit sb luong va chét luong, cac tac dong chinh dan t6i hién trang
trén, vi tri nguon nuéc mat con han ché vé trir lugng hay 6 nhiém. Str dung phuong phap
thong ké dé phan tich tinh hinh nuéc mat va st dung nude cho sinh hoat, dua ra dugc két qua
tong quan vé van dé nghién ctru. Phuong phép hé thong tin dia ly (GIS) duoc ap dung dé
nghién ctru vé su phan hoa tiém nang nudc mait theo luu vuc song va sy phan hoa ve ty 1€
ngudi dan duge sir dung nudc dam bao vé sinh giita cdc don vi hanh chinh, cac két qua
nghién ctru dugc thé hién bang cac ban dd trén phdn mém Maplnfor. [13] da nghién ctu Xay
dung khung mo hinh tich hop danh gia tai nguyén nudc mat dua trén phuong phap tiép can
mdi lién két nudc—ning luong—lwong thuc. Myc tiéu ctia nghién ciru 1a xay dung khung mé
hinh tich hop danh gi4 tai nguyén nudc dua trén méi lién két nuéc—ning luong—luwong thuc
(WEF) va ap dung thir nghiém cho ving ha luu song Sai Gon—Ddong Nai. Phuong phap mo
hinh héa 1a phuong phap chinh dugc thuc hién trong nghién ctru nay, b6 mé hinh tich hop
duoc st dung dé nghién ctru danh gia tai nguyén nudc trong mdi lién két 'WEF bao g6m mo
hinh thity vain SWAT, mé hinh can bang nuéc WEAP, va mé hinh kinh té thay vin GAMS.

Tir thé ky 13, cac thanh phd & Chau Au da co hé thong cap nudéc sinh hoat. Khi d6 trén
thé gidi chwa co cac loai hoa chat phuc vu cho viéc keo tu xir Iy nuge mit, ngudi dan da xay
dung cac bé lang co kich thudc rat lon (gan nhu 1ang tinh) méi lang duoc cac hat can nho be,
cong trinh xur Iy cdng kenh tén nhleu tién va sirc luc cho viéc xay dung, chiém nhiéu dién
tich dat. Ngay nay, vdi tdc do phat trién khoa hoc cong nghé, ki thuat cap nuc ngay cang dat
t6i trinh d9 cao va con tiép tuc phat trién. Thiét bi dung nuéc trong nha ludn dugc cai tién dé
phu hop va thuan tién cho nguoi s dung. Ngay nay, ky thuat dién tir va tu dong hoa ciing
dugc sir dung rong rai trong cap nuéc va xir Iy nudc. Co thé néi ki thuat Cap nudce da dat dén
trinh d6 rat cao vé cong nghé xir Iy [14]. Cac nuéc My, Nhat Ban, Han Qudc va mét sé nudce
phat trién di c6 nhitng nghién ctru cong nghé xtr Iy nudc mit, nude mua dé phuc vu cho sinh
hoat tir nhitng nam 2003, nhu cong nghé loc str dung cac loai vat lidu loc tién tién.

Déi v6i nhitng ving khan hiém nuéc thudc cac ving nui cao thudng cé it s lidu quan
trac. Viéc tinh toan dong chay v61 do tin c@y trong cac luu vye khong c6 hoac it s lidu dong
chay la mot bai toan nhiéu thach thire. Cac nha thuy van dang khong nging nd luc dé phat
trlen cac phuong phap/ chién lugc (strategies) tinh toan dong chay cho cac luu vuc khong co
sO lidu tir nhimg nam 1970s, dic bi€t sau khi Hi¢p hoi Qudc té khoa hoc thuy vin (IAHS,
2003) ban hanh mét sang kién vé du béo luu lugng cho luu vuc khong ¢ tram quan tric
(Predictions in Ungauged Basins — PUB) vao nam 2003, v4i muc dich dy doan hay dy bao
cac phan tng thuy van trén luu vuc khong c6 hodc it tram do va tinh bét dinh cua gia tri tinh
toan. Tlr sau d6, c6 nhiéu cach tiép can da duogc phét trién dé tinh todn dong chay mit cho luu
vuc khong c6 tram quan trac. Nham b khuyét cho cac tai liéu quan tric KTTV trén mat dat o
nhitng luu vic kho khan (mién nui, ving sau vung xa, dia hinh chia cat,...) mot s ngudn sb
liéu mai, phuong phap mdi da duoc sur dung nham nang cao két qua tinh toan ciia mo hinh
thuy van ¢ nhimg luu vue thiéu tram quan trac nhu mo hinh SWAT. Pay 1a hudng tiép cin co
thé ap dung tinh toan cho ving dia ban tinh Son La. Viéc danh gia xac dinh trr lugng nudc,
chat luong nudce cho mot ving, mot luu vue da duge nghién ctru tai mot sd nude trén thé gisi,
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tuy nhién viéc phan tich danh gia vé dic diém dia hinh, dia mao va ciu trac dia chét, kién tao
trong viéc hinh thanh trit lwvong nudc mat nudce duoi dét, dic biét cac tinh mién nai Tay Bic
chwra nhiéu, trong d6 ¢6 tinh Son La.

Son La 1a mot tinh mién nui phia Tay Béc Viét Nam, c6 dién tich tu nhién 14174 km?
(Nién giam thdng ké 2021), ¢6 toa d6 dia Iy: 20°39°—22°02’ vi d Bic, 103°11°~105°02° kinh
d6 Pong chiém 4,27% tong dién tich Viét Nam. Son La ¢6 35 sudi 16n; 2 séng 16n 1a song Da
dai 280km v&1i 32 phuy luu va song Ma dai 90km v6i 17 phu luu. Mat @6 song sudi 1,8 km/km?
phan b khong déu, song sudi c6 d6 doc 16n, nhiéu thac ghénh. Mua lii tir thang VI dén thang
X, cac nhanh thuong luu thudng tir thang 5 di c6 xudt hién 1d som va cac nhanh ha luu xuat
hién i mudn vao thang XI, tong lvong dong chay mua 1 chiém 65-80% dong chay nam. Tai
nguyén nudc mit cua toan tinh Son La hang nam vao khoang 19 ty m® tap trung vao hé thong
song chinh 13 song Da va song Mi. Tong luong dong chay trong 5 thang mua i chiém
khoang 80% tong luong dong chay nam, dong chay 16n nhat thuong tép chung vao thang 8
hang ndm, cac thang kiét nhit thuong xay ra vao thang III [15]. Ngudn nudc dudi dt trén dia
ban tinh Son La ton tai dudi 2 dang chu yeu 13 tang chira nugc khe nit — khe nut Karst phan
bb trén dién tich khoang 140.000 km? (chiém 99,88%) va ting chira nudc 16 hong phan b
trén dién tich khoang 172 km? (chiém 0,12%). Toan tinh Son La c6 tong trir luong dong tu
nhién ciia cac tang chira nude (3.980.445 m3/ngay) [15].

Do diéu kién dia hinh nti cao, d6 dc 16n, chia cit manh nén c6 nhimg ving dic biét kho
khan vé ngudn nudc, gay kho khin cho san xudt va sinh hoat ctia nhan déan trong ving, dic
biét trong bdi canh bién doi khi hau, gia ting cac hinh thé thoi tiét cuc doan, gay 1d, ngap lut,
han hén, thiéu nudc. Trong nhimg ndm qua Chuong trinh nu6e sach nong thon da hd trg
ngudi dan lay nude tir cac con sudi cao qua hé thong nudc ty chay nhung chi qua mét tran
mua 1t 1a cac cong trinh bi vui lap, hu hong, khong c6 kinh phi dé stra chira. Tinh trang thiéu
nude sinh hoat, san xuat anh huong doi séng cua nguoi dan, dac biét nhitng vung khan hiém
nude, doi hoi phai nghién ciru tim kiém nguon nudc mat, nude dudi dat dé cung cip nudc
sinh hoat & cac ving nui cao, ving khan hiém nuéc 1a nhiém vu can thuc hién mot cach bai
ban, co tinh cip bach va lau dai. Pac biét theo Quyét dinh s6 900/QD-TTg cua Thii tuéng
chinh phu ngay 20/6/2017 vé viée phé duy¢t danh sach xa dac biét kho khan, xa bién gioi, xa
an toan khu vao dién dau tu cua chuong trinh 135 giai doan 20172020 thi trén dia ban tinh
Son La c6 118 xa dic biét khé khan thudc dién dau tw, gdm 7 xa huyén Yén Chau, 15 xa
huyén Phu Yén, 7 xa huyén Sép Cop, 10 xa huyén Van H), 14 x4 huyén Bic Yén, 13 xi
huyén Muong La, 22 xa huyén Thuan Chau, 8 xa huyén Mai Son, 5 xa huyén M¢c Chau, 15
x@ huyén song M4, 2 xa huyén Quynh Nhai. Trong cac xa ddc biét kho khan néu trén thi c6 20
xa dic biét thiéu nude sinh hoat thudc cac huyén Bic Yén (Hong Ngai, Chim Van, Hua Nhan,
Lang Chéu), Muong La (Chiéng Muén, Chiéng Lao, Hua Trai, Nam Gion, Pi Toong, Ta Bu),
Phu Yén (Huy Tan), Quynh Nhai (Muong Sai), song Ma (btra Mon, Nam Ty), Sbp Cop (Sam
Kha), Thuén Chau (B6 Mudi, Co Tong) va Yén Chau (Chiéng Pong, Chiéng Tuong), Van
H6 (Long Ludng).

Hién nay, nhiéu mo hinh khai thac st dung ngudn nude da va dang duge ap dung trén cac
ving nai karst nhu cac giéng dao, giéng khoan, mach 16, hd treo...Mic du cac md hinh khai
thac ngudn nudc da mang lai nhitng hiéu qua nhét dinh tuy nhién nhidu mé hinh do khong
duoc nghién ctru, tinh toan chi tiét dic biét vé ngubn nudc nén hi¢u qua cong trinh chua cao,
chua phat huy hét hiéu qua st dung. Do d6 dé thyc hién duoc giai phap khai thac, s dung
ngudn nude bén viing can phai co nhitng nghién ctru sdu hon vé nguén nudc. Cac két qua
hién méi chi tap trung vao diéu tra tai nguyén nudc vung khan hiém nudc, nhiéu s6 lidu diéu
tra co ban chua néu ra duge cic ngudn hinh thanh trit lugng nude dudi dat, quy luat phan bd
va van dong cia nude ngam khu vire phan bd karst, kha nang tang trir lwong khai thac va khai
thac bén virg ngudn nude nhu thé nao. CAc nghién ciru cling chua c6 nghién ctru dénh gia
téng hop tai nguyén nudc mit, nudc dudi dat, xac dinh trit luong c6 thé khai thac, dién bién
muc nudc theo thdi gian, phan ving kha ning khai thac ngudn nuéce phuc vu cho cap nudc
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sinh hoat va san Xuét nong nghiép, dac biét trén dia ban tinh Son La. Chua c6 nhiéu nghién
ctru p dung cac céng cu méi, md hinh méi, cong nghé hién dai dé danh gia du bao dong chay
dén bang mé hinh mua dong chay co xem Xxeét dén anh hudng cua bién dbi khi héu, dac biét
trén dia ban tinh Son La. Do nudc ngam dugc hinh thanh, phan bd va van dong rat phirc tap
do d6 viéc ap dung cac phuong phap khai thac, sir dung can c6 giai phap cu thé, khoa hoc dé
dam bao tinh bén virng. Tuy tung vung, diéu kién cu thé co thé 4 ap dung cac phuong phap khai
thac st dung nhu giéng dao, giéng khoan... Tuy nhién cho dén nay van chua c6 mot cong
trinh nao nghién ctru, danh gia tinh bén vitng trong viéc khai thac, str dung ngudn nudc tai
ving ndi Tay Bic bang cac md hinh khai thac giéng dao, giéng khoan, mach 16... Cac giai
phap ky thuat quan 1y va khai thac dam bao ngudn nudc sinh hoat cho sinh hoat va néng
nghiép cho cac khu vyc thiéu nude khu vye Tay Bic noi chung va trén dia ban tinh Son La
chua cu thé, mang tinh bén ving, co hi¢u qua.

Chinh vi vay, viéc dé xuat co s khoa hoc x4c dinh ngudn nudc va giai phap cap nudc
sinh hoat va néng nghi€p cho khu vuc thleu nudc trén dia ban tinh Son La 14 can thiét va cap
bach, gop phan phat trién bén viing kinh té x4 hoi trén dia ban tinh Son La. Muyc tiéu nghién
ctru nham xac dinh dugc trir lugng ngudn nude cho khu vuce thiéu nuoc trén dia ban tinh Son
La tir d6 Dé xuat duogc giai phap ky thuét quan 1y va khai thac ngudn nudce cho sinh hoat va
néng nghiép cho khu vyc thiéu nudc trén dia ban tinh Son La lam co s¢ khoa hoc trién khai
cac du an dau tu dé dat duoc chi tidu cap nudce theo Nghi quyét s6 15/NQ/DH.

2. Phuong phap nghién ciru

2.1. Khu vuc nghién ciru

Nghién ctru dugce thuc hién tai 20 xa ddc biét kho khan thudc céc huyén Bic Yén (Héng
Ngai, Chim Van, Hua Nhan, Lang Chéu), Mudng La (Chiéng Muén, Chiéng Lao, Hua Trai,
Ném Gién, Pi Toong, Ta Ba), Phu Yén (Huy Tén), Quynh Nhai (Muong Sai), song Ma (Dura
Mon, Nam Ty), Sop Cop (Sam Kha), Thuan Chéau (B6 Muoi, Co Tong) va Yén Chéau (Chiéng
Pong, Chiéng Tuong), Van H) (Long Ludng) (Hinh 1).
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Hinh 1. Ban dd dia hinh tinh Son La va cac tram KTTV thudc khu vue nghién ctru.

Tuy nhién, theo quan diém tiép cap tong hop vé quan 1y ngudn nude nén nghién ciru ndy
tap trung danh gid ngudn nudce trén dia ban tinh Son La, tir d6 tap trung phan tich k¥ nguon
nuoc tai 20 xa dac biét khé khan néu trén. Son La 1a mdt tinh mién nai phia Tay Bac Viét
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Nam, c6 dién tich ty nhién 14174 km? (Nién giam théng ké 2021). Son La c6 do cao trung
binh 600-700 m so v6i muc nudc bién, ¢6 dic diém dia hinh rat phirc tap, bi chia cit manh
tao thanh 3 ving sinh thai: Ving truc qudc 16 6, ving hd song Da va viing cao bién gidi, c6 do
déc 16n véi 97% dién tich ty nhién thudc luu vuc song Pa, song Ma, xen k€ gitra nhimng day
nui la nhimg thung ling long chao voi dat dai thuan loi cho phat trién nong nghiép, dién hinh
1a nhitng canh dong lua nudc 16n, vira va nhé c¢6 quy mé tir 300-1000 ha do phu sa cac con
sudi bdi dédp tao thanh. Mua tap trung vao cac thang 7 va 8 (khong c6 bio), thinh thoang co
gidng va mua d4, lugng mua trung binh hang nam 1a 1.276 mm. Téng lugng mua trong nim
trong toan tinh bién ddi tir 1200-2800 mm, thang c6 lwong mwa nhé nhat thudng tap trung
vao thang 12 va thang 1. Tong luong nudc mua trén toan tinh 1a 19,78 ty m® mdi nam [15].

2.2. Phuong phap nghién ciru

Phuong phap ké thira, thu thap tai liéu, xur ly thong ké cac s6 liéu diéu tra, diéu tra thyc té
dugc ap dung vao ndi dung 1: Thu thép, tong hop tai lidu; so liéu diéu tra, tham do danh gia,
tim kiém, phat hién cac khu vuc co trién vong cung cap ngudn nudc mit, nude dudi dat phuc
vu cho sinh hoat va néng nghiép tai cac khu vuc thiéu nudc trén dia ban tinh Son La. Noi
dung nay tap trung vao 20 xi thiéu nudc (Quyet dinh 40/Qb-UBND ngay 01/9/2020 cta
UBND tinh Son La), tir 46 dé c6 kién nghi, khuyén nghi va giai phap tham do, khai thac hop
ly, bén viing cho cac ddi tugng nay.

Phuong phap mé hinh toan: Nghién ctru sir dung mé hinh SWAT dé tinh toan danh gia
dong chay mat va dong chay ngam cho cac tiéu luu vuc trén dia ban tinh Son La. Cong cu
danh gia dat va nudc (Soil and Water Assessment Tool-SWAT) 14 mé hinh thity vin ban phan
bd duoc phat trién dé du bao tac dong cuia su thay ddi s dung dat dén nudce, x6i mon, van
chuyén bun cat, va lugng hoa chat sinh ra tir hoat dong néng nghiép trén nhiing luu vuc [16-
17]. M6 hinh SWAT duoc xay dung dua trén ban chat vat Iy cua hién tugng ty nhién va sir
dung cac phuong trinh twong quan, hdi quy dé mo ta mdi quan hé giita théng sd dau vao
(dat/tham thyc vat, dat, dia hinh va khi hau) va bién sé dau ra (luu luong dong chay (dong
chay mat, dong chay ngam), x6i mon, van chuyén bun cat, chat luong nudc...). Qué trinh md
phong tai mot luu vye chia thanh hai pha chinh [18]: (1) Pha dat ctia chu trinh thuy van: kiém
soat lwong nude, bun cat, dinh dudng va thude trir siu duoc dua tir trong mdi tiéu luu vuc ra
song chinh; (2) Pha nudc cia chu trinh thay van: kiém soat qua trinh di chuyén cia dong
nudc, qué trinh boi lang, chét dinh dudng, thude bao vé thuc vat dién ra thong qua hé thong
song ngdi cta luu vue dén ctra ra luu vuec.

M6 hinh SWAT duoc sir dung dé mé phong luu luong dong chay mat va dong chay
ngam cho cac tiéu luu vyc trén dia ban tinh Son La. Trong m6 hinh SWAT, téc gia da dung
hai phuong phap duong cong thim SCS [19] va phuong trinh tham [5] dé xac dinh luong
mua hi¢u qua. Phuong trinh dong chay SCS 1a phuong trinh thuc nghiém, n6 dugc xay dung
tir nhitng ndm 1950, dung dé xac dinh luong dong chay mit dudi diéu kién khac nhau vé st
dung dét va loai dat. Phuong trinh duong cong SCS dugc viét nhu sau:

G

qurf - (R _ Ia +S) (1)

day

Trong d6 Qsurf 12 luong dong chay mat hay lugng mua hi¢u qua (mm); Raay 12 lwong mua
ngay (mm); lala ton that thim ban dau (mm); S 14 lwong thim cho phép t6i da co thé tri trong
dat (mm).

Trong mo6 hinh SWAT chia dong chay ngam thanh hai thanh phan: nudc ngdm ting nong
hay con goi 1a dong chay sat mat va nu6e ngam tang sdu hay con goi 1a dong chay ngam.
Nudc ngam 1a nude chira trong tang bdo hoa dudi bé miat dat. Nude vao ting bdo hoa chu yéu
do tham. Phuong trinh can bang nudc cho ting sat mat nhu sau:
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aqsh,j = aqsh,j—l + Wrchrg - ng - Wrevap - Wdeep - Wpump,sh (2)

Trong do aqsh, 1a lugng nude trit trong tang sat mat trong ngay thir i (mm); qsh;j- -1 1a lugng
nude trit trong tang sat mit trong ngdy thir i-1 (mm); Wrehrg la lugng nude di vao tang nudc
sat mdt ngay thur i (mm); Qqw la dong chay ngam di vao kénh chinh cua ngay tht i (mm);
Wrevap 12 lugng nude di chuyen vao trong dat (lwong nuGe thleu hut) cua ngay thir i (mm);
Woeeep la lugng nuéde thim tir tang ngam nudc sat mat xuong tang ngam nudc ngam cuia ngay
thir i (mm); Wpump,sh 12 lugng nuéc di chuyén khoi ting nude sat mat do bom trong ngay thir
i (mm).

Phuong trinh can bang nuéc cho ting ngam 1a:

aqdp,i = aqdp,i—l + Wdeep _Wpump,dp (3)

Trong d6 agdp.i 1a lwong nude trik vao tang ngam ngay thi i (mm); agdp,i-1 a lwong nude
trit vao tang ngam ngay thr i—1 (Mm); Waeep 12 luong nude ngam tur tang sat mit vao tang
ngam trong ngay thir i(mm); wWpump.dp 12 lrong nuéc bom ra khoi tang ngam vao ngay thir i
(mm).

2.3. Dir liéu sur dung trong nghién curu

Céc loai dit liéu ddu vao va ngudn thu thap dir liéu dugc thé hién tai Bang 1. Cac ban do
sir dung dit ndm 2014 va nam 2019, ban dd thd nhudng, ban dd6 DEM kich thudc 6 ludi
30x30m duoc st dung dé tinh toan. Thoi gian dé hiéu chinh mé hinh chon nim 2014 12 nam
g v&i trang thai rimg nam 2014 va kiém dinh mé hinh chon nam 2019 14 nim tng véi trang
thai rimg nam 2019.

Bang 1. Cac loai dir liéu can thiét dé chay md hinh SWAT.

TT Loai dir liéu Nguon dir liéu
A Dir liéu khong gian (dudi dang ban do s0) )
1 Ban d6 s6 hda do cao DEM tinh Son La Dir liéu mo6 hinh d¢ cao so (Digital Elevation

model-DEM) vé6i do phan giai 30m x 30m.
(https://earthexplorer.usgs.gov/)
2 Ban d hién trang st dung dit nam 2014 va 2019  S& Tai nguyén va Méi trudng tinh Son La
trén tinh Son La, ty 1€ 1:100.000
Bén d6 th nhudng tinh Son La ty 1& 1:100.000 S& Tai nguyén va Moi truong tinh Son La
Ban d6 thé hién mang ludi song sudi, tram do khi Cuc do dac ban dd
tuong thiy van, hd chia trén luu vuc ty 18
1:100.000
B Dt liéu thudc tinh (dudi dang database):
1 Mua, nhiét d6 cua cac tram: Moc Chau, Son La, Dai khi tugng thiy van khu vuc Tay Bic
Séng Ma, Co Noi, Yén Chau, Phu Yén, Bic Yén,
Thac Moc, Ta Khoa, Ta B, Van Yén, Sudi Tan,
Km46, chudi s liéu tir 1970-2021
2 Luong bdc thoat hoi nude tiém ning thang ETo, Dai khi tuong thuy vin khu vue Tay Béc
dugc tinh toan tir cac yéu t khi tuong (Nhiét do, do
4m, sb gid ning, téc do gi6) theo Penmam —
Monteith, sau d6 chuyén ddi thanh gi tri ngay theo
phan phdi ctia bdc hoi Piche
3 Chudi s6 lidu lwu lugng ngay tai cac tram thily van  Dai khi tugng thiy van khu vuce Tay Bac
Xa La, Ta Bu, Ban Cudn dé mé phong va kiém dinh
md hinh.

~ w

_ Sudung ban dd s6 d6 cao (Dem), mang ludi tram thuy van dé chia thanh cac tiéu lru vye
bang cac cong cu cuaArcgis. Cac loai ban do st dung trong mé hinh SWAT duogc the hién
trong cac hinh 2-3.



Tap chi Khi twong Thiy van 2022, 739, 10-24; doi:10.36335/VNIJHM.2022(739).10-24 16

[

Hinh 3. (a) Phan c4p loai hinh sir dung dit tinh Son La cho mé hinh SWAT; (b) Phén cép loai dat tinh
Son La cho m6 hinh SWAT.

2.4. Cdc tiéu chi xdac dinh khu viee khan hiém nwée, khé khéin vé nguon mwde va phan ving
kha nang khai thac.

2.4.1. Theo tiéu chi vé ngudn nudc

al. Panh gia mirc d¢ kho khan vé ngudn nudc

Theo béo cao Hoi dong qubc gia vé tai nguyén nudc, theo tiéu chuan qudc té, tuy theo
mirc nude binh quan dau nguoi c6 thé danh gia & cac mirc: Mirc ¢6 du nudce dung; Mirc thiéu
nuodc xay ra khong thuong xuyén hodc chi 1a cuc bd; Muc khan hiém nuéc, han ché d6i véi
viéc phat trién kinh té, stc khoe con nguoi va phuc loi xa hdi; va mtc de doa cudc séng.

Bang 2. Mtc danh gia tai nguyén nudc mit theo binh quan dau ngudi.

TT Mikc binh quain diu nguoi Mirc danh gia
1 < 500 m¥nguoi/nim Ngudng de doa cudc sdng
2 Tir 500-1000 m3/ngudi/nam Khan hiém nuéc
3 Tir 1000-1700 m¥/ngudi/nam Thiéu nuée
4 Tir 1700-4000 m¥/ngudi/nam Thiéu nude cuc bo
5 > 4000 m*/nguoi/nam bu nudc dung




Tap chi Khi twong Thity van 2022, 739, 10-24; doi:10.36335/VNJHM.2022(739).10-24 17

Ngoai ra, theo hoi nghi Vacsava vé nude nim 1963, dé danh gia mirc d6 thiéu nude c6
thé st dung hé s6 C biéu thi mirc d6 thiéu nude nhu sau: Hé s6 C 1a ty I¢ gitra téng lugng dong
chay trong nam cua khu vuc trén téng lugng nudc ti€u thu cud khu vuc do, tinh theo tiéu
chuén 250 m® mot dau nguoi.

C=—. —>_ (4)
250 sO nguoi
Trong d6 W 1a téng lugng nudc trong khu vye tinh toan.

Bing 3. Danh gia tai nguyén nudc mit theo hé sé C.

TT H¢ s6 C Mikc danh gia
1 <5 Thiéu nude nghiém trong, can co bién phéap khan truong cung cap
thém
5+10 Ngudn nudc rat han ché, can phai din tir ngudn khac
10+ 20 Béo d¢am ngudn nudc nhung phai phan phéi hop 1y
>20 Khu vye dam bao cip nude cao

a2. Panh gia theo gia tri modul dong chay

Dong chay nam trung binh nhiéu ndm san sinh trén lanh thé nudc ta c6 modul dong chay
bién d6i tir 10+80 1/s-km?, trung binh toan qudc 1a 30 1/s-km?. Theo bang phéan cp danh gia
tai nguyén nudc mat dua vao modul dong chay nhu sau:

Bang 4. Mtc danh gia tai nguyén nudc mit theo modul dong chay MO [6].

TT Pham vi ctia Mo Mibc danh gia

1 <10 l/s—km? Hiém nudc

2 T 10 I/s—=km?dén <201/s—km?  Thiéu nuéc

3 T 20 /s—=km?dén <401/s—km?  Pu nudc

4 Tur401/s—km?dén < 601/s-km?  Tuong ddi gidu nudc
5 T 60 I/s—km?2dén 80 I/s—km? Giau nudc

b) Theo tiéu chi ving dong bao dan toc thiéu sb, diéu kién kinh té kho khin

Céc x4 viing cao 1a cac tinh mién nui ¢6 nhiéu dong bao dan tdc thiéu sb sinh sdng hién
nay luén 1a nhiing ving dic biét kho khin vé nude sach va vé sinh méi truong nong thon.
Viéc tim kiém ngudn nude sach va giai phap cdp nude nham thuc diy phat trién kinh té—xa
hoi ¢ nhidu dia phuong gép phan xoéa doi, giam ngheéo cho ngudi dan.

¢) Tiéu chi phu hop tap tuc khai thac nudc mua, nudc mét cua nguoi dan

Luong mua phan bd trén dia ban tinh Son La thudc loai trung binh ~nhung khong dong
déu theo khong gian, bién dbi tir 1.100 mm dén 1.700 mm theo céc tiéu ving quy hoach.
Toan tinh c6 lugng mua trung binh nhleu nam (Xo) vao khoang 1.400 mm/nam va tong luong
nude mua trén toan tinh 1a 19,78 ty m® mdi nam. V&i téng lwong nude mua trén thi binh quan
1a 1,4 triéu m3/km?.nam. Lugng nudc mua dén luu vuc bién ddi rat manh theo khong gian,
lwong mua 16n nhat tap trung tai khu vue tim mwa Tam Puong va Sin Ho (khu vyec tiép giap
v6i tinh Lai Chau thudc cac huyén Quynh Nhai, Mudng La, Bic Yén) do anh huong cia dia
hinh.

3. Két qua va thio luin

3.1. Thiét lgp mé hinh SWAT cho cdc luu viee séng tinh Son La

- V6ibo sé liéu s dung cho mo hinh SWAT duoc thépg ké trong bang 1, sau khi nhap vao
80 liéu ban d6 do cao so hoa DEM, DEM duoc sur dung dé phac hoa qéc dac diém dia hinh cua
luu vuc va xéac dinh céc thong so thuy van cua luu vue nhu 1a: d¢ doc luu vye, tich lily dong
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chay, huéng dong chay, mang ludi song... Sau khi tinh toan cac tham sé ciia luu vuc con,
tién hanh chong ghép ban d6 str dung dét, ban d6 thd nhudng dé tinh toan phan tram ting dién
tich sir dung dat va phan trim ting loai dét trén cac luu vuc con d6. Dic tinh thd nhudng bao
gbm thanh phan, d6 day mdi 16p, 46 dan thAm thiy luc duoc nhan dién & cic mau duoc tap
hop & cac 16p khac nhau. Tiép theo, nhap cac sb liéu vé khi twgng, thity vin, cai dit khoang
thoi gian tinh toan (thoi gian bt dau va két thic), lva chon phwong phap tinh bdc hoi, phuong
phap dién toan, budc thdi gian tinh toan.... sau do tién hanh chay chuong trinh. Néu két qua
giita tinh toan va thuc do chua phu hop, tién hanh hiéu chinh, kiém dinh mé hinh. Két qua
phan chia tiéu luu vic dé tinh toan 1a 215 tiéu luu vue, trong d6 tiéu luu vuc ¢6 dién tich nho
nht 1a 2,97 km?, tiéu luu vuc ¢6 dién tich 16n nhat 1a 193,57 km?, dién tich cac tiéu luu vuc
trung binh 1a 70 km?. Két qua phén chia cac tiéu luu vuc dé tinh toan dugc thé hién trén hinh
4,

BAN [>]e] PHAN CHIA TIEU LUU VUC TiNH SON LA
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Hinh 4. Phan chia céc tiéu luu vuc trén dia ban tinh Son La.

3.2. Ddanh gid két qua mé hinh SWAT cho cdc luu viee séng tinh Son La

Hiéu chinh mé hinh nham x4c dinh cac thong s6 ctia mé hinh dé cho dudng qua trinh tinh
toan phu hop nhét voi dudng qua trinh thye do. Viéc hiéu chinh md hinh co6 thé dugc tién
hanh bang hai phuong phap: Phuong phap thir sai hoac phuong phap t61 wu. Phuong phép thir
sai dung dé do tim bo thong s cho luu vuce can tinh toan. Dé danh gia sy phu hop gitra duong
qué trinh thyc do va duong qua trinh tinh toan, st dung chi tiéu NASH, PBIAS, va h¢ so R.
Céc thong sd duge chia 1am cic nhom thong sb sau:

+ Thong s6 tinh qua trinh hinh thanh dong chay mit bao gdm: tinh lwong mua hiéu qua,
tinh Iuu luwong dinh 4, tinh hé s tré dong chay madt;

+ Thong sé tinh toan dong chay mat;

+ Thong s6 dién toan trong kénh. Céc thong sé dong chay ngam trong mé hinh SWAT
bao gobm: GWQMN: agshthr g la ngudng sinh dong chdy ngam (mm) (trong file *.gw)
ALPHA BF: agw la hé sb trlet giam dong chay ngam (trong file *.gw); REVAPMN: agsthr.nvp
la ngudng sinh dong thim xudng tAng ngdm nudc sau (mm) (trong file *.gw).
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Bang 5. BO thong s6 mo phong mo hinh SWAT.

19

Nhom théng sé (img véi trang thai rirng 2014)

Théng sb

Qua trinh hinh thanh

dong chiy mit

Dong chay ngim

Dién toan trong kénh

CN2: Chi s6 CN g v&i didu kién 4m II
SOL_AWC: Kha nang trit nudc cua dat
SOL_K: Ksat @6 dan thuy luc & truong
hop bao hoa
OV _N: Hé s6 nham Manning cho dong
chdy mat
CH_K(1): Hé s6 dan thuy lyuc ciia kénh
dan
CH_N(1): Hé s6 nham kénh dan (mm/h)
SURLAG: Hé s6 tré dong chay mat
ESCO: Hé s6 bdc hoi cua dét
GWQMN: Ngudng sinh dong chay
ngém
ALPHA_BF: H¢ s6 triét giam dong
chay ngim
GW _DELAY: Thoi gian trit nuéc ting
ngém (ngay)
CH N(2): Hé s nham cta kénh chinh
CH_K(2): Hé s6 dan thuy lyuc ciia kénh
chinh (mm/h)

CN2 =65
SOL_AWC = 0,10
SOL_K1=0,01
SOL_K2 =200
OV_N=20
CH_K(1) = 0,01
CH_N(1)=07
SURLAG = 0,5
ESCO=0,5

GWQMN =5

ALPHA_BF = 0,022

GW_DELAY=10

CH_N(2) = 0,05
CH_K(2) = 0,02

Két qua danh gia hiéu qua mé phong luu luong dong chdy tai cac tram thiy vin duoc thé

hién trong bang 6.
Bang 6. Két qua hiéu chinh va kiém dinh mé hinh.
Hi¢u chinh Kiém dinh
3 A A A K Hé Sé
Tram Thuy o Hé sb HEso  ppyas o Heso ong  PBIAS
vian Thaoi gian 2 tuong Thaoi gian Nash
Nash R (%) 2 guan (%)
quan (R) R R)

XaLa 2014 0,89 0,94 9,3 2019 0,86 0,93 9,2
TaBu 2014 0,86 0,93 9,2 2019 0,83 0,91 9,0
Ban Cudn 1967 0,85 0,92 91 1973 0,84 0,92 8,9

Thang
1 i 1 N a

DUGNG QUA TRINH L0 TINH TOAN VA THUC D0 TRAM XA LA UNG VOI TRANG THAIRUNG NAM 2014

BUGNG QUA TRINH LU TiNH TOAN VA THUC BO TRAM XA LA UNG VOI TRANG THAI RUNG NAM 2018

Thing
w

a
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Hinh 5. (a) Qua4 trinh Iuu luwgng tinh toan—thyc do tai tram Xa La g vdi hién trang rirng nam 2014
(hiéu chinh mé hinh); (b) Qua trinh luu luong tinh todn—thyc do tai tram Xa La tng véi hién trang
rimg nam 2019 (kiém dinh mé hinh).
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Phan tram triét giam dong chay ngam tram Xa La (ng véi trang thai ritng nam 2019
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Hinh 6. Triét giam dong chay ngam tram X La nam 2019.

3.3. Bdnh gid két qua phdn viing tai nguyén nwde mdt

Duya vao két qua tinh toan mé dun dong chay, cac luu vuc song trén dia ban tinh Son La
c6 ngudn tai nguyén nudce nhu trén hinh 7.

BAN DO TONG LUQNG DONG CHAY NAM CUA CAC TIEU LUU VU'C TINH SON LA (GIAI DOAN HIEN TRANG)

s ‘ .‘ »\' y ;\;
s e Shinss,

=+ : + &

Hinh 7. Ban d tong luong dong chay tai cac tiéu luu vuc giai doan hién trang.

Két qua tinh toan m6 duyn dong chay ndm vung nghién ctru nhu trén cho thay trong ving
c6 su phan b6 dong chay theo khong gian va thoi gian rd rét. Cac xa dac biét kho khan vé
ngudn nudc... md duyn dong chdy nam chi khoang 10+15 1/s/km?. Két qua thé hién trong
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bang 7. Két qua phan tich tai x3 Chiéng Lao nhu sau: X Chiéng Lao thudc huyén Mudng La,
tinh Son La nam & d cao 200-1900 m. Luu lugng dong chay mit trén dia ban xa 16n nhét 1a
0,31 m%/s va nho nhét 13 0,09 m%/s, tiém nang khai thic nudc mat 1a rat thap. D6i v6i dong
chay ngdm, mirc d6 chira nude cia tang dia chét 1a nghéo va khong chira nuée, tiém ning
khai thac ngudn nudc dudi dat cia xi 1a thip. Xa Chiéng Dong thudc huyén Phu Yén, tinh
Son La ndm ¢ do cao 400—1800m. Luu lwong dong chay mat trén dia ban x4 10n nhét 13 2,82
m?%/s va nho nhit 1a 3,84 m%s. Béi voi dong chay ngdm, muic do chira nude cua ting dia chit
1a giau, trung binh (Hinh 8). Tiém ning khai thac nudc ngam & khu vuc nay 1a 1on.

Bang 7. Luu luong dong chay tai cac xa dac biét kho khan trén dia ban tinh Son La.

Luulwgng  Moduyn dong Q tidm niing

Huyén XA Dién tich d(‘)}lg chay chay n{zflt dong ngim
(km?) mit trung trung binh 303
binh (m¥s) (I/s.km?) (m*/ngay)

Héng Ngai 56,75 2,134 37,599 12,2588

PR Chim van 72,35 2,720 37,599 15,6286

Bic Yen Hua Nhan 61,46 1,303 21,205 18,3540

Lang Chéu 55,5 2,087 37,599 11,9888

Chiéng Muobn 81,77 2,671 32,670 18,4324

Chiéng Lao 128,79 4,208 32,670 29,0316

. Hua Trai 98,68 3,224 32,670 22,2443

Muong La Nam Gién 120,55 5,395 44,754 54,4287

Pi Toong 50,06 1,635 32,670 11,2844

Ta Bua 67,38 1,567 23,260 5,9684

Phu Yén Huy Tan 21,15 0,719 33,993 9,3958

Quynh Nhai Muong Sai 60,45 1,654 27,357 21,0227

A~ ~ Pira Mon 136 2,398 17,634 30,2307
song Ma R

Nam Ty 128,38 2,019 15,724 32,6356

Sép Cop Sam Kha 134,03 2,364 17,634 29,7928

Thuan Chau Bo6 Muoi 62,21 1,702 27,357 21,6348

; Co Tong 29,87 0,470 15,724 7,5933

Veén Chau Ch.i‘ﬂéng Dong 71,73 1,668 23,260 6,3538

Chiéng Tuong 68,75 1,458 21,205 20,5310

Van Hb Léng Lubng 63,28 1,342 21,205 18,8975

BAN DO DONG CHAY NAM, DONG CHAY NGAM XA CHIENG LAO, MUONG LA
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Hinh 8. Ban d6 dong chay mit, dong chay ngam xa Chiéng Lao, Muong La.



Tap chi Khi twong Thity van 2022, 739, 10-24; doi:10.36335/VNJHM.2022(739).10-24 22

3.4. Bé xuat gidi phdp ky thudt quan 1y, khai thiac dam bdo nguon nuée cdp cho sinh hoat,
nong nghiép cac khu viec thieu nwoc trén dia ban tinh Son La

Trén co sé két qua danh gia ngudén nudc bang mé hinh SWAT, két hop véi diéu tra thuc
dia, cac giai phap dé xuit dé quan 1y, khai thac dam bao ngudn nudc cap cho sinh hoat, néng
nghiép cac khu vire thiéu nudc trén dia ban tinh Son La nhu sau: Déi v6i nhitng noi khong co
ngudn mach ngdm va khong duoc cip nudc tu chay thi ap dung giai phap cong trinh thu tri
nude mua quy mé tép trung. Béi voi khu vuc ¢6 ngudn nude mit tir cac hang dong, khe sudi
thi tuy vao chénh léch muc nudce trong hang va dia hinh bé mat ma sir dung bom hit hodc
bom day hoidc c6 thé xay dap chin dong hang dong. Giai phap thuong dung la xay tuong bé
tong cat su vao vach da va xay tuong bang khoan phut vira bé tong. Déi véi vung ¢o nguon
nude mua 16n, nhung d6 dbc cao co thé xdy dyng cong trinh trit nudc bang hd chira. Mot s6
dang hd chtra nhu hd treo duoc dau tu xdy dung kha phd bién ¢ cac ving khan hiém hodc kho
khan khi khai thic ngudn nudc. C6 ba hinh thirc ho treo chii yéu phéan theo vat liéu xay dung
1a hod xay bang da hodc gach dong bang bot da, hd bang bé tong va hd 16t vai dia ky thuat
(HDPE) chong tham, trong d6 cac cong trinh xay dung gan day hoic s& dugc dau tu xay dung
chil yéu thudc 2 loai bé tong hoic 16t vai HDPE. Céc ho treo loai nay thuong duoc xdy dung
& trén cao dé thu gom nudc mua trén sudn nii, nude tir cac khe, sau d6 cap nude tu chay hoic
dan xung quanh c6 thé dén sir dung truc tiép tai ho. Uu diém ctia loai ho nay 1a gi4 thanh ré
hon so v6i cac loai ho khac. Tuy nhién viée xtr Iy tham, ddc biét 1a tham tir day ho 1a rat kho
khan, cac hd thuong bi that thoat mot luong nude rat 16n. Nudc tir bé/ ho treo duogc cip cho
dan theo dang tu chay (v6i vung dudi thap) hodc dong luc (v6i ving trén cao). Poi voi khu
vire ¢6 nguon nude mach 16 dang tu chay sir dung cong nghé thu gom, khai thac nguon nudc
tur chay tir cac mach 16. C6 mot s cong nghé thu gom nhu Cong nghé thu gom nuéc bang tim
chin PVC, Cong nghé thu gom nuéc bang hao thu, Cong nghé thu gom bang bang thu nudc
dang tham loc, Cong nghé thu gom ngudén nudc mach 16 dang tudng chin, M6 hinh cong
nghé thu gom nudc mach 16 béng dap tran, M6 hinh cong nghé thu gom nudc mach 16 dang
bé thu... C6 thé 4p dung riéng 1¢ timg cong nghé hodc két hop ap dung mot sé cong nghé cho
tung vi tri.

4. Két luin

Két qua nghién ctru cho thay véi cach tiép can sir dung mo hinh SWAT két hop véi diéu
tra thuc dia, dong gop y kién cua cac chuyén gia d3 mo6 phong dugc lugng dong chay mit va
dong chay ngam cho cac tiéu luu vuc trén dia ban tinh Son La. M6 hinh SWAT duogc xay
dung cho 12 luu vuc song sudi va cho 215 tiéu luu vuc. Céc chi s NSE, RSR va PBIAS cho
thdy mo hinh SWAT c6 do tin cdy tot trong mo phong luu lugng dong chay. Ban d6 phan
vung ngudn nudc chi tiét dén cip xa duoc xay dung dua trén cac két qua mo phong. Céac giai
phép dua ra co tinh thyc tién va kha thi cao dua trén nhiing két qua nghién ciru m6 phong cua
m6 hinh. Tuy nhién, do han ché vé mit s6 liéu dé hiéu chinh, kiém dinh mo hinh nén c6 thé
tao nén su bat dinh cao va d¢ chinh xdc trong wdc lugng, phén vung dong chay, dac biét d6i
voi dong chay ngam. Véi phuong phap m6 hinh két hgp voi s6 liéu diéu tra khao sat thuc dia
thi két qué cling cho d9 tin cdy nhat dinh, nhung vé&i diéu kién nang cao do chinh xéc khi thuc
hién cac giai phap cu thé cho cac ving thiéu nudc cin bd sung quan tric lwgng mua, dong
chay, ngu6én nudc manh 19, dé tir do tinh toan thiét ké cac giai phap cong trinh mgt cach chinh
xéc, dé dam bao giai phap dé xuat 1 phu hop, hiéu qua, tranh ldng phi ngudn luc dau tu.

Pong gop caa tac gia: Xay dung y tudng nghién ctru: N.D.L., L.T.T.H., CV.T., Q.T.D,,
N.Q.T.; Lua chon phwong phap nghién ctru: P.T.H.L.; Xir Iy s6 liéu: N.Q.T., Q.T.D.; L.T.T.,
Xac dinh tiéu chi: N.D.L., LT.T.H., C.V.T., P.T.H.L.; Viét ban thao bai bao: N.D.L.,
L.T.T.H.,, P.T.H.L.; L.T.T.; Chinh sua bai bdo: N.D.L., L.T.T.H., P.T.H.L., N.Q.T.
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Loi cam on: Nghién ctru ndy dugc thyc hién dudi sy tai trg cta dé tai nghién ctru khoa hoc
cap tinh theo quyét dinh s6 1948/QD-UBND ngay 14 thang 8 nim 2021. Bén canh do, tap thé
tac gia tran trong cam on sy giup d& cua cac xa dac biét kho khan trong qua trinh khao sat va
thuc hién nghién clru nay.

Loi cam doan: Tép thé tac gia cam doan bai bao nay 1a cong trinh nghién ctru cua tap thé tac
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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Research on scientific basis to identify water sources and
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Abstract: Identifying water sources and domestic and agricultural water supply solutions
for area facing shortage of domestic and agricultural water in highlands and areas facing
water scarcity, especially in Son La province, is necessary and aligned with the
Government's policy according to Decision No. 264/QD-TTg dated 2/3/2015. The study
uses a combination of methods including statistical analysis and synthesis, field survey,
mathematical modeling and expert methods to identify water sources for extremely difficult
communes in Son La province, thereby proposing models of sustainable exploitation and
usage of water sources based on a set of criteria on water sources, exploitation conditions,
socio—cultural, environmental, economic, technical and technological, management and
exploitation to ensure domestic and agricultural water sources for areas facing water
scarcity in Son La province.

Keywords: Water source; Areas facing water scarcity; Son La.
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