
KHOA HQC C6NG NGH. 

cugl\1 LI)A cAc cui !iD BEN vOl\16 TAl 1\16UYEN Nuoc 
DUm OAT CHD KHU VIJC BAN DAD cA MAU 

Nguyen Dinh Ttr 

Quan ly tai nguyen mr6c du6i dAt bAng cic chi so da va dang duQ'C Slr dl)llg weu qua tren tM gi6i. Tuy 
nhien, ~ Vtet Nam, cong tile nay chi m6i di!Q'C quan tam trong thOi gian gan day. Tren cas& bO chi so di!Q'C 
due k~t va khuy~n cao sti dt,mg cua UNESCO, nh6m me giii da nguyen ctiu va de xuat 04 chi so M danh gia 
tinh ben vfmg nguon tai nguyen mr6c du6i dat cho khu vvc ban dao Ca Mau. Day cung Ia :~hiing chi s6 dftu 
tien duqc d6 xuat cho khu vvc dong being song Ci'ru Long. Cac chi so bao gom: chi s6 nguon nu6c du6i dat 
c6 th~ tai t;to b·en d:lu nguOi, chi so khai thac mr6c dtr6i dat so v6i trfr luQllg khai thac th~m n~ng, chi s6 su 
dt,mg nu6c cho sinh ho(;lt, va chi s6 ~n kiet cic tang chtra nu6c. Bai bao trinh bay chi tit~t phuang phap va 
k~t qua tinh toan cac chl s6. Cac k~t qua m1y se gop ph~n lam cas& phvc vv cho cong tile quiin ly ben vfmg 
nguon tai nguyen nu6c duOi dat cua khu vvc ban dao Ca Mau, dong bang song Ci'ru Long. 

Tir khoa: Chi so ben vllng; W nguyen nuOr: durn da~ ban dao C<i Mau. 

1. GO - vE KIIJ Vl,l: NGHiN Cthl 

Nu&c du6i d~t la m<)t hqp phful quan trong cua 
tai nguyen mr6c, Ia nguon cung cap nu&c r~t quan 
trong cho sinh ho~t, cong nghi~p va nong nghi~p. 
Nu&c dum d~t d6ng vai tro quan trong trong viec on 
djnh CUQC Song dan sinh, chinh tri Xa h<)i Vel lc\ tai 
nguyen dugc nhieu qu6c gia quan tam gifr gin, phat 
trien. 

Hinh 1. Khu V\lC ban dao ca Mau 

Vt1ng ban dao Ca Mau la m{)t trong 4 vimg 1611 
cua dong b~g song Ctiu Long gom thanh pho Can 
Tha, H~u Giang, S6c Trang, B~c Lieu, Ca Mau va 
m()t phan tinh Kien Giang v6i tong dien tich gom 
16.940 km2 (hinh 1) dan s6 nam 2012 khoang 7,1 
trieu ngu(ri. Vt1ng ban dao Ca Mau chi~m v1 n1t lao 
trong pbcit trien kinh t~ va xa hQi cua dong b~g 
song Ctiu Long. Vi v~y khai thac va bfw v~ ben vfmg 

1 f)~i hQc Qu6c gia TP H6 Chf Minh 

nguon tai nguyen nu&c du6i dat ~i khu vt,rc nay c6 y 
nghia quan tr<;>ng trong phat tri~n kinh t€, xa h<)i cua 
khu VlJC [3]. Thong qua tai tro kinh phi cua DHQG­
HCM, nh6m tac gia da nghien Clru, danh gia tinh ben 
vfmg ngu6n tai nguyen llltOC :lu(ri dat cua khu VlJC 
ban dfw Ca Mau b~g phuang phap sti di,Ulg chi s6-
mot phuang phap dang duqc nhieu nu&c tren th~ gi6i 
sti di,Ulg va dang duqc uu tien ap d~;~ng W Viet Nam 
trong thO'i gian gan day. 

2. GIOJ - vE CAC CHi sO MD: OUOI BAT 

Vi~c dfmh gia va qmin ly r..guon tai nguyen nu&c 
du6i d~t duqc cac to chtrc quan tam d~c bi~t, d~ 
thu~n IQ'i cho cong vi~c cay, cac chuyen gia 
UNESCO (United Nations Educational, Scientific 
and Cultural Organization), IAEA (International 
Atomic Energy Agency) va IAH (International 
Association of Hydrogeologists) da th6ng nMt xay 
dt,mg va Slr d~;~ng cac chi s6 nu&c du6i dat (NDD) va 
tlr d6 Mn nay, UNESCO da due kCt duqc m(>t danh 
sach khoang 100 chi so c6 lien quan d~n nu&c du6i 
ctat, trong d6 moi chi so mo ta m(>t khia c;:mh hay 
mot qua trinh cua he thOng NDD lien quan ca ve so 
Juqng va chat lm;mg [ 6]. 

Cac chi so c6 the duqc k~t hqp thanh bO chi s6, 
nhfun cung cap nhling thong tin dan gian cho illl,IC 

tieu l~p k~ ho~ch va quan ly NDB v6i nhiing khia 
c~ lien quan d~n chinh sach va quan ly tai nguyen 
nay. Thong thu<mg, cac chi 50 dttQ'C xac dinh dt,ra 
b·en dii lieu do lu6ng va quan sat ve he th6ng NDD. 
Cac chi so NDD se cung cap thong tin ve s6 luqng, 
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chfit hr<;mg NDB (hi en trc;tng va xu huang), xa h()i 
(nhii'ng van d~ imh huemg, khai thac va st'r di}.Ilg 
NDf)), kinh te (cac y~u clu v~ khai thac, bao ve va 
xt'r ly NDD) va moi tru<'mg (de bi ton thuong, ec;tn 

ki~t, o nhi~m nguon NDD). 

Khi st'r dl;lng chi so d~ nghi~n cln.t v~ nuac du6i 
dgt, tuy vao d~c di~m dia chat thuy van, di~u kien dia 
ly, dieu kien kinh te, xa h()i. .. cua khu VVC nghien Clru 
rna cac nha nghi~n Clru de XUgt m()t SO chi SO phu 
hqp, so lu<;mg chi so thu<'mg ttr 3-6 cho m()t khu vvc 
c~,~ th€ va n6 xoay quanh 10 chi so tieu bieu nhat rna 
UNESCO de xugl (bang 1) [1]. 

3. PHUIWG PHAP XAY DUNG Cti sO 
3.1. Tieu chi xAy d\lll.g chi s6 

Be thu~ IQ'i cho viec trien khai va tmg di}.Ilg, cac 
chi so NDI> cAn phru dam bao cac yeu du sau [ 1] : 

- Tinh don gian: cac chi so NDB phfli dam bao 
de hieu va d~ thl,fC hien; 

- Tinh dinh lu<;mg: cac chi so NDI> phai duqc 
<'Unh lUQ'Ilg h6a bing nhfmg con so xuat phat ttr 
nhiing thong tin tai nguyen NDB va cac ho;;tt d¢ng 
cua xa Mi trong vung. Cac chi so NDD phfu bao dam 
tlwc hien thu~ tien va thong nhat ~i cac quae gia va 
c<k vtrng mien khac nhau. 

- Tinh truyen thong: cac chi so c6 the tr& thanh 
cong Cl;l de thong tin cac ffii,IC ti~u chinh sach Mn v6i 
cong chUng mot each d~ hieu. Gia tri cua chi so cOng 
c6 the duqc tham khao de st'r d1,1ng nhu Ia m()t cong 
cv danh gia. 

- Tinh dl! bao: cac chi so c6 the duqc sti di}.Ilg de 
d\! bao. Khi cac mo hinh duqc lien ket v6i cac chi so, 
m()t chu6i thO:i gian c6 the duqc ngo~ suy dl,l' doan 
tuong lai. Moi kich ban d\! kien c6 the duqc danh gia 
de d;;tt t6i tinh tr~g mong muon (xay d\!Ilg quy 
ho;;tch). 

3.2. PhU'Oilg phap xAy d\lll.g chi s6 

C6 4 phuong phap nghien Clru pho bien duqc ap 
di}.Ilg khi n6i ve cac chi so [1]: phuong phap ttr du6i 
len, phuong phap ttr tr~n xuong, phuong phap M 
thong va phuong phap nguy~n nhan - M qua. Trong 
d6, phuong phap nguy~n nhan - he qua la khiti niem 
duqc st'r dvng r()ng n'ii nMt de xay d\!flg cac chi so. 
Khung PSR (Pressure - State - Response) la each 
tiep c~n d~u tien duqc gi6i Lhi~u b6i To chuc hQP tac 
va phat trien kinh t~ (OECD) [6] . Sau d6, m()t so 

phan lo~ phtrc ~p hon da duqc phat trien va duqc 
dua vao sti dl;lflg, nhu khung DPSIR (Driving force­
Pressure - State - Impact - Response) ho~c khung 
DPSEEA (Driving force - Pressure - State -
Exposure - Effect - Action) duqc sti di}.Ilg bOi WHO 
[1]. V6i each liep c~ tlr du6i l~n. dfr lieu SO' clp c6 
sful duqc tong hQP ?J nhieu cip d¢ thu b~c thanh cac 
chi tieu Slr dl}ng phuong phap tr\,fC quan va toan hQC. 
Chuy~n gia t.ai nguy~n nu6c c6 xu hu6ng phe binh 
phuong phap nay Ia qua don gian [1]&[6]. Phuong 
phap nay duqc st'r dvng r¢ng rai trong c<k tinh huang 
dfr lieu phong phu, tuy nhien, dieu nay khong phai Ia 
pho bien ?J nhi~u quoc gia. Phuong phap tiep c~ ttr 
tren xuong duqc dl,fa tren phuong phap khung logic 
va Mt d~u v6i viec xay d\!Ilg ffil;!C tieu (va cac chi so 
li~n quan) cAn d~t duqc va xac djnh cac bien phap 
c~n thiet khac nhau c1e dc;tt duqc m~,~c tieu. Phuong 
phap M thong hoan toan phan tich cac dong vao, 
luqng dl,f trfr va dong ra cua m()t van de tru&c khi xac 
<'Unh cac chi so. Phuong phap nay da duQ'C ap di}.Ilg 
trong viec phal tri€n chj s6 ben vfrng va dl,fa tren cac 
chi so Cl;l the d~ danh gia cac van de lien quan Mn 
ho;;tt d(>ng con nguOi, va cac M thong 1v nhien. M~c 
du cac phuang phap he thong duqc coi la nit htra 
h~n. nhung n6 phtrc ~p va vful con qua han lam d~ 
giai quyet cac van de th\!C te [1)&[6]. 

Vi v~y. trong cac phuong phap neu tren, 
phuang phap st'r dvng khung DPSIR Ia phuong phap 
mang tinh khoa h<;>c c6 tinh thuyet phl}c nMt duqc 
dong dao cac QUOC gia va cac nha khoa hQC dong 
thu~n. Cau true DPSIR duQ'C de xuat khong phfli Ia 
mot mvc tieu nhung rna n6 cung cftp m()t phuong 
tien d€ phoi hQP cac linh vvc khac nhau va h6 trq 
hQP tac hon niia giiia cac CO' quan trong Vi~C chia Se 
kien thuc va thOng tin. Hon nfra, phuang phap cung 
cap m()t CO' SO ChO S\! hai hOa trong thu~t ngfr Va cac 
chi so [1]. 

Phuong phap DPSIR ciing dam bao viec thanh 
l~p cac moi quan he gifra chinh sach va cac van de 
kinh te va cac van de quan tr<;>ng nhgt trong phat 
trien va quan ly nu&c du&i dat. PhuO'llg phap nay 
duqc dung de nh~n d~ng va xac dinh cac chi tieu 
nuac du6i dgt va cho phep xac dinh cac chi Mu c6 
lien quan trl;l'C tiep den tinh hinh nuac du6i dat va 
gian tiep den cac khu vvc th;kh thuc khac cua UN­
World Water Assessment Programme (JIWAP), 
hinh 2. 
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Response 
Quan trac mrac dllai dat; tieu 
chuan moi tnriYng; cac dv an 
cung cap nl!<i'c; sir dl,lng tiet 

kiem nl!6'c ... Impact 

Driver 
Phat trien dan so 

<16 thi h6a; phat t rie'n du 
lich; (ngu~n nl16'c ph1,1c 

Vl,l) 

Pressure 
Thay doi khl h~u; 

khai thac NO£> VU'Q't 

mlfc cho phep; thay doi 
l&p phu, nguon nll&c 

m~t khong du 

State 
Soll!Q'ng gieng khai 
thac; ll!u il!Q'ng khai 
thac; chat ll!Q'ng khai 
thac; mvc nl16'c; b6 

c~p NO£> 

Suy giam mvc NOO; suy 
giam trCr I JQ'ng; suy 
giam solli"Q'ng gieng 

khai thac; svp lun m~t 
dat; sli'c kh6e cong dong 

Hinh 2. CAu trUe chung va m6i quan M nhan qua ctia khung DPSffi 

D -Driving forces, P- Pressures, S- State, 1-lmpacts, R - Responses 

• Driving forces de c~p d~n cac y~u to nen 
tang cua m(lt xa h(li rna tac dQng trl,l'c ti~p d~n moi 
tru<'mg nu6c du6i dat. 

• Pressures dtrQC hi~U la sue ep ~0 ra boo Sl! 

phat tri~n he thong du<'mg xa, nha ctia, .. . do con 
nguOi ~o ra can thiep vao vong tuan hoan w nhien 
cua nu6c. C6 3 chi Mu tai nguyen nu6c miJt khong 
du, khai thac ntr6c du6i dat qua muc va d<) che phu 
cua 16p tham thl,l'C v~L 

• St:1te Ia dieu kien va xu hu6ng cua moi 
truong nu6c du6i dat gay ra hOi t:ac d<)ng cua con 
nguOi. C6 5 chi so th~ hien bao gom s6 lm;m.g gieng 
khai thac, luu l11011g khai thac, IDIJC nu6c, chat ltrQ'Ilg 
nu6c va I11011g bo c~p cho nu6c du6i dfit 

• Impacts giai quyet cac M qua cua con nguOi 
va moi tru<'mg t\,r nhien do Sl! thay doi tr(Ulg thai cua 
moi tru<'mg tl,l' nhien va lam t6n thtrong ca he thong 
tl,l' nhien va xa hQi. 

• Responses bao gom ci.c hanh d<)ng cua con 
nguOi nhfun lam h(Ul chM giim sue ep cho moi 
tru<'mg mr6c du6i dat. Giru quy~t cac van de ton 
thuong, phat tri~n b~n vung ngu6n nuoc du&i dat. 

4. LilA CHON B0 CHi SO lUte om BAT CHO KHU VUC BAN 
DAOCAMAU 

Nhu da n~u & tr~n. v6i rfit nhieu chi so nu6c du&i 
dfit dang duqc cac nha chuyen mon tren tM gi6i 
nghi~n Clru vade nghi Slr dt,mg. Trong danh sach de 
xm1t cac chi so, m6i chi so mo t:a m<)t khia c(Ulh c~,t 
tM cua h~ th6ng NDD duqc dt;ra tren Sl! ket hqp cua 
cac bi~n dtrQC ll,l'a chon, ca d~h ltrQ'Ilg va <Unh tinh. 
Cac chi s6 c6 th~ duqc k~t hqp thanh mot nh6m d~ 
cung cfip thong tin nho gon va c6 m~,tc tieu cho k~ 
ho~ch, chinh sach va quan I}· NDD. B<) 10 chi so 
duqc UNESCO de xuat ~i bang 1. 

BAng 1. Thono- k~ 10 chi s6 d~ xuAt bOi UNESCO [1&6] 

1T T~n chi so Cong tht!c xac d.i.nh 
Vi tri trong 

DPSIR 

1 
Chi s6 NDD c6 th~ tai ~o tren 1 

= T8ng ngu3o NOD c6 thtS tru t<;to (1/ngay) 
D 

d!tu nguOi T6ng diin s6 (ngU'oi ) 

2 
Chi s6 khai thac NDD t:J.·en I 

T<lng luqng NDE> kb.ai tbac (m3/ngay) 

luQ'Ilg b6 c~p Tiil h.rqng b6 c~p (m3 /ngay) x 1 
OO% s 
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3 
Chi so khai thac NDD tren w Tb ng luqng NDf> khai th8.c (m3 /ngay) 

ltrQ'Ilg khai thac ti~m nang 
I T - 1 kbaith' ·> -(a/ ' )X100% s ru uvng • ac 1lem nang m ngay 

4 Chi su dt,mg nu&c cho sinh ho~t 
NDD kbai tbac cho sinh h~t (ma /ngay) 

I= . X 100% s Nhu diu Sli d\mg nu6c sinh ho~t (m3 /ngay) 

5 Chi so qm ki~t mr&c du6i dat 
I= : bng di~tich C{mki~tNDE> (km

2
) X lOOO 

Tong di~ tich TCN nghien cU'Il (km.2) Vo S- I 

Chi so trfr luQ'llg ti~m nang 

6 
khong tai ~o tren t:rfr lu<)Tlg I_ Tru luc;mg ti&n nang khong tii t~o ( m a) 

S- I 
khai thac hang nam khong tai - T - l kh . th . h . - kh A • • ( 3fn ) X 100% ru ugng at ac ang nam ong tat t~o m am 
t?o 

7 Chi so ton thuong NDD 
Duqc xac dinh nhu mot ham cua cac y~u to thuy van 

S-P 
- nhfmg d~c di~m cua liing chlra nu&c va 16p phu 

a) Van de 6 nhi~rn tv nhien: 

I= 
T6ng di~ tich NDE> o nhifun (km2

) 

T6ng di~ tich TCN nghien cUll (km2) X lOO% 

8 Chi so chat luqng NDD 
b) Van d~ 6 nhi~m lien quan d~n con nguOi 

S- I 

1
_ TBng di~ tich co n6ng d9 thanh phln gia tang (km2) 

- T " di" • TC z X 100% ong ~ ttch N nghien c6u (km ) 

9 
Chi so kha nang su d~;tng NDD 

Muc d9 yeu cau xu ly NDD duqc khai thac s 
sau xuly 

10 
Chi so nong nghi~p ph1,1 thuoc Ty 1~ dan so su dt,mg NDD nang cao nang suat nong 

D 
NDD nghi~p ho~c chan nuoi. 

Doi v6'i khu V\!C nghien ctiu, yeu cau quan trQng 
trong qua trinh xay di,I'I1g va chQn ltrci chi so la cac chi 
so phcii mo t:a duqc thvc tr~g ciia 'hgl.ion tili nguyen 
nu&c du6i dat khu VI!C ban dao Ca Mau (v~ t:rfr luqng, 
chat hrqng, ... ), tinh Mn viing trong moi quan h~ cua 
nu&c du6i dat v6i moi truOn.g sinh thai d~c bi~t la cac 
ho~t dQng con nguOi. Dong thOi, cac chi so du9·c 
ChQn ltrci COn CO th~ Qlf9'C SU dl;tllg ket hQp v6i cac IDO 
hinh d~ dv doan cac lqch ban trong t:uong lai. Cuoi cimg, 
cac chi so dU'Qc chQn 11!<1 d6ng vai tro nhu mot cong Cl:l 

giao ti~p quan trQng cho cic nha ho~ch CUnh chinh sach, 
cac nhit quan ly, nha khoa hQC va CQng d6ng. 

duqc nghien clru. r~t chi tiet, h~ th6ng gieng quan 
' .. 

trk da duqc dua vao v~ hanh 1ir nhfmg nam 1995 
[3], cac dfr li~u v~ hi~n ~ng khai thac nu&c trong 
khu V\fC cung duQC di~u tra hang nam, ... Tuy nhien, 
ben c~nh d6 cilng con nhi~u Mt c?p v~ kinh t~, xa 
hQi trong cong tac di~u tra va h~ thong quan ]y con 
long leo nen m()t SO CO' SO dfr Ji~U con nhi~u h~ che 
va khong lien tl,lc. 

4.2. ChQn ll!<l cac chi so cho klm V\fC nghien c(ru 

Do gi6i h~ v~ ngu6n kinh phi va ill li~u, tren CO' 
s& tai li~u c6 duqc [2, 3, 4], cung v6'i sv nghien ctru 
10 chi so duqc d~ xuat boo UNESCO [6], cac tac gia 
thay rc1ng c6 4 chi so phu hqp v6i tieu chi, m1,1c dich 
va cos& dfr li~u hi~n c6 nh~m danh gia tinh Mn vfmg 
cua ill nguyen nu&c du6i dfit cua k.hu V\fC ban dao Ca 
Mau. Cac chi so ngay bao g6m (thang danh gia cac 
chi so theo hu6ng dful cua UNESSCO) [6]: 

4.1. Ca s<Ytai lieu 

Ca s& tai li~u dong vai tro quan trQng trong vi~c 
xac dtnh Cclc chi so. Cac chi so dtrci tren cac so Mu 
do duqc va quan sat duqc, chung cung cftp thong tin 
v~ so luQng va chat luqng NDD va cac van d~ xa hQi 
(kha nang tiep ~n ngu6n NDD' khai thac va su 
dl;tllg), kinh te (khai thac NDD, yeu dtu bao v~ va xu 
ly), rnoi tru<mg (NDD d~ bi ton thuong, suy thoru, o 
nhi~rn) va cac khia c~nh cua chinh sach va quan ly 
tru nguyen NDD [1]. 

Hi~n ~i, d?c di~m di~u ki~n tl! nhien - dia chat­
dia chat tht1y van khu VI!C ban dao Ca Mau cilng da 

4.2.1. Chi so· ngu6n NDfJ co the ta.i [flo tren dau 
ngr.r&i 

MI,IC dich cua chi sola u&c tinh ngu6n nu6'C du6i 
dfit phlJ.C V\1 cho Sinh ho;,lt, cac ho;,lt d()ng nong 
nghi~p, cong nghj~p va cac ffii,IC dich khac. Nguon 
NDD nay lien quan d~n so ngu6i su d~;tng, day la 
nhan to quan trQng trong Sl! phat trien kinh te va xa 
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hQi cua khu V\!C nghi~n ctiu. Chi so duqc x;k dinh 
bfutg tong nguon NDD c6 th~ t:ai !:c;lo duqc hang n~m 
tren ctau nguOi trong mot vitng nghien ctiu. 

T l>ng ngul>n NDB c6 th~ tai t~o (Vngay) 
I ---~~~~--~~~~~ 1 Tf>ng dan sl> (nguiri) 

Thang danh gia chi so nay nhu sau: 

- Thap: >1.000 1/ngaylnguOi (Mn vilng); trung 
binh: 500 - 1.000 l/ngaylnguOi (kern b~n vfmg); cao: 
<500 1/ngaylnguOi (khong b~n vfmg) 

Trong d6, tong nguon NDD c6 th~ tai 4to duqc 
xac dinh tt:r cac ngu&n sau: 

• Nguon b6 c~p tv nhien theo ph~ vi d~a ly 
cua khu V\!C nghi~n ctiu; 

• Nguon nu6c tti vung lao ~n chay vao khu 
vvc nghien ctiu.va chay ra khoi vitng nghi~n ctiu; 

• Nguon thfun tu tr~n mi;it nhu song, bien; 
• Nguon thoat tt:r tang cht1a nu&c d~n M thong 

A -'• song su01; 
• Nguon bo sung nhan t?o 

4.2.2. Chi sd khai tluic ND.£J so vOi. tnJ lu()11g 
khai t11ac ti~m nang 

Tbng luqng NDD khai thac (m3/ngay) 
l2 X 100% 

Tritli.IQ'!lg kbai tbac ti€m nang (m3 /ngay) 

Thang danh gia chi so m\y nhu sau: 

- 111~p: <25% (b~n vfmg); trung binh: 25 - 40% 
(kern ben vOng); cao: >40% (khong ben vfmg) 

4.2.3. Chi so' stJ dt,mg NDEJ cho sinh ho{Jt 

Chi so nay co tAm quan trQng ri~ng bi~t trong xa 
hOi vi n6 lam noi b~t tAm quan trQng cua nguon NDD 
cho ffii:IC dich an uong tr~n C(J SV QUOC gia, UrC Sl,l' ph1:1 
thu¢c cua dan so vao NOD, n6 Ia chia kh6a trong 
vi~c.cung ca:p nu&c sti d~,tng cho c¢ng dong. 

13 
NDD khai thac cho sinh ho~ (m3 

'ngiy) X lOO~ 
Nhu c~u sir dl,mg nuac sinh ho~ (m3 ngiy) 

0 

Thang danh gia chi so m\y nhu sau: 

- Thap: < 25% (b~n vfmg): trung binh: 25- 50% 
(kern Mn vfmg); cao: > 50% (khong ben vfmg); 

4.2.4. Chi so' qm ki~t nu6r: duOi. t/at 

Ho~t dong khai thac NOD luon Iuon gay ra Sl! h~ 
thap ml,l'c nu6c trong tang chtra nu6c, anh hu(mg den 
tni hiQ'Ilg NOD. Va neu ho<;lt dong khai thac di~n ra 
trong mot thOi gian dai c6 tM dan den Sl,l' C(:ln ki~t 
NDD, anh huang den trli luqng va cha:t luqng cua 
NOD, M sinh thAi ho~c Sl,l' on dinh cua be m~t dat. 
Do do, can c6 mot chi s6 de the hi~n ho~t d(>ng khai 
thac dang Ia qua mt!c va c6 the lam qm ki~t NOD. V1 
v~y, tac gia chQn tieu chi danh gia Sl! C(:ln ki~t NOD 
dl,l'a tren toe d¢ h~ thap ml,l'c nu6c theo tai Mu quan 
triic nhieu nam. 

B • 2 To h ket a h an~ . )IU! lQP :_qu c lQn ua ca hi 6 danh ·a h kh cc s ~; c 0 u vuc ban de\ CaM 0 au 
v~ tri Thang phan chia 

TI Ten chi so trong Cong tht!c xac CUnh Thftp Trung Cao DPSIR binh 

1 
Chi so NDD co the D II 

Tong nguon ND£> c6 the tai ~o {llngay) 
~1.000 

1.000-
<500 tai ~o I dau ngum Tang dan s6 (ngu-Oi) 500 

Chi so khai thac T6ng luqng NDB khai thlic (m3/ngay) 
2 NOD I bu luqng s lz . . ., . xlOO% <25 25-40 ~40 

khai thac tiem n~g 
Tril' IUQ'ng khat thac ttem niing (m 3 /ngay) 

Chi sti dl:lllg nu6c 13 
ND£> k.hai th ic cho sinh hottt (m~/ngliy) 

3 s . xlOO% <25 25-50 ~50 
cho sinh ho<,1t Nhu cau SU d\lllg nu6C sinh hO\\t (m 3/ngliy) 

Chi s6 C(:ln ki~t Tong di~n tfcb C\ifi ki~t NDf) (km2
) 

<10 10-25 ~25 4 S-1 / 4 = . X 100% 
nu&c du6i dat Tong di~n tich TCN nghien cliu (km2 ) 

Cac btr&c thl,l'C hi~n de xac ~ chi so nay: 

1- Phan tich cac chu6i dfr li~u ffil,l'C ntr6c cua 
tting c6ng trinh quan trAc; 

quoc gia, cac tAng cht!a nu6c c6 ltrQ'Ilg khai thac 
nhieu thtrOng c6 toe do h<,i thap trung binh la 0,3 
mlnam [3]. Phan vitng toed¢ h~ thap ml,l'C nu6c theo 
cac tieu chi sau: 

2- )Cay dl,l'llg dO thj illl,l'C ntr6c Vel XaC ~nh ham 
xu hu6ng; 

3- Xac dinh toe doh~ thap ffil,l'C nu6c (mlnam). 
Can ct! kinh nghi~m nghien ct!u cua m~ng quan trAc 

• Vung co t6c do h~ thap ml,l'c nu6c < 0,10 
mlnam: khai thac it; 

• Vilng c6 toed() h~ thap ml,l'c nu6c 0,10 - 0,30 
mlnam: khai thac trung binh; 
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• Vung c6 toe dQ h~ th~p mvc nu&c 2! 0,30 
mlnmn: khai thac nhi~u; 

4- JCay dl,lilg ban do phan vilng h~ th~p mt,rc 
nu&c timg tang chtra mr&c bang phan mem Sutier 10; 

T6ng dien tich cc.m ki~t NDD (km2
) 

/4= . X 100% 
Tong di~n tich TCN ngbien eCru (km2) 

Thang danh gia chi so mly nhu sau: 

- Thap: < 10% (ben vfrng); trung binh: 10- 25% 
(kern ben vfrng); cao: >25% (khong ben vfrng). 

c. f)anh gia ve gia fri cac ch] so' qll khu vvc 
nghien ct.iv 

5- Xac dinh di~n tich cac vilng c6 toe d9 h~ th~p 
mvc nu&c khac nhau theo tUng tang chtra nu&c trong 
tl1ng tinh. Tf 1~ du()'C danh gia dtfi vOi di¢11 tich co Me 
d9 h{l thffp m(/C nuOr: cao vtn cong thtic va thang 
phfm chia nhu sau: Chi so ngu6n NDEJ co th! tal [flo tren dau ngu&i 

Bang 3. Cc'lc nguon ND£> c6 th~ tai ~o khu Vl.lC BE>CM (s6li~u tinh toan <tuqc xac dinh tir mo hinh dong chay 
nu6c dt.r6i di{t sau khi <ta hieu chinh [4] 

Nguon c6 th~ tai t?o 
MuakhO 

Chavvao 
Luqng tMm tir bien phan bo 107.797 
Luqng tham tir song, bi~n 180.849 
LuODg bo cap tir mua 185.004 

Tong cong 473.650 

Tong nguon NDD c6 th~ tai ~o dw;rc tinh Mng 
hieu so cua tong luqng nu&c chay vao va tong luqng 
nu&c chay ra theo 2 mua, rue cflng hAng hieu so 
luqng tich luy duqc trong mua mua va h.lQ'Ilg thi~u 
Jwt trong mua kho: (2.864.254-1.526.383) - (1.317.042 
- 473.650) = 494.479 m3lngay cho toan khu Vl,l'c Ban 
dao Ca Mau. Va so lieu tong dan so tinh toan cho 
khu Vl,I'C duqc xac dinh tlr T6ng Cl}.C thong ke tinh 
den nam 2012 Ia 7.102.400 ngu<'ri (n~u so hrQ'Ilg dan 
so c~p nh~t thi chi so nay th~p hOD). 

I 
- 494.479><1.000 

1 -
7.102.400 69,6 (II . I , ) . ngay nguoi 

m3/ngay) Mua mua (m3/ngay) 
Chciv ra Chav vao Chav ra 
-767.050 176.220 -774.543 
-549.992 195.997 -751.840 

0 2.492.037 0 
-1.317.042 2.864.254 -1.526.383 

So v6i hu6ng dfin cua UNESCO thi chi so nay < 

5001/ngaylngu<'ri, th~ hien nhu cau Slr dvng nu&c 
dtr6i dat CUa toan b<) dan SO ~ khu Vl,I'C nghien Clru 
cao h011 tong luqng nu&c c6 th~ tai ~o cua cac tang 
chUa nu&c ~ khu Vl,I'C nay. 

Ke't qua tinh toan chi so khai thac NDEJ so vOi 
triJ lu(J'Jlg khai thac tMm nang 

Can cu vao nguon tai lieu ve tong so 18 khoan, 
trii luQ'Ilg khai thac, trii luqng khai thac tiem nang [2 
& 3], da tinh toan gia tri 12 (chi so khai thac NDD so 
v6i trii luqng khai thac tiem nang) va the hien trong 
bang4. 

Bang 4. K~t qua tinh toan chi s6 khai thac ND£> so v6i 1:rfr ltlQ'IJR khai thac tiem nang 

STT T'rnh 
Tong so Tni luqng khai Tru luqng khai thac tiem nang 

12 (%) 
LK thac (m3 I ngay) nu&c nh~t (m3 l ngay) 

1 CanTha 48.798 188.844 

2 H~u Giang 40.572 62.543 

3 S6cTrang 80.069 244.850 

4 Ki~n Giang 862 93.720 

5 B~c Lieu 93.368 248.728 

6 CaMau 67.328 159.118 

Ket qua tinh toan chi so khai thac ND£> so v6i 
trer luong khai thac ti~m nang duqc tinh trong de tai 
neu tren cho gia tri 12 tir 5,4-12,56% (trung binh la 
8,85%) . Cac gia tri deu < 25%, nhu v~y hi~n tr~g khai 
thac ~ trong khu Vl,I'C nghien ctru deu trong ph~ vi 
cho phep. Tuy nhi~n ml:rc d9 ben vfrng phai can cu 
vao Sl,l' danh gia chung ffit ca dtc chi so va so Mu 
quan tr~c thl:fC t~. 

1.503.932 12,56 

1.156.133 5,41 

2.566.765 9,54 

965.378 9,71 

3.403.710 7,31 

1.860.561 8,55 

Ke't qua tiJ1h toan chi s6' su dt,mg nu6c cho sinh 
ho{lt 

Nhu d.u su dt,mg nu6c duqc tinh toan theo quy 
dinh 1:?i Quy~t dinh cua Thu tu&ng Chinh phil so 
63/1998 QD-Tig ngay 18/3/1998, tieu chuan dilng 
nu&c cho tirng doi tuqng trng v6i cac giai do~ phcit 
tri~n. Dva vao so li~u khai thac NDD cho sinh ho~t 
[3], tinh toan chi so s6 su d~;mg nu6c cho sinh ho~t 
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(I:J cua cac dja phuong trong khu VI!C nghi~n cln.i. rAt cao, (khong Mn vfmg) , ngu6n nu6c pht,Ic V\1 cho 
Cac k~t qua nay d~u co gia t:Ji tir khoang 57,83- sinh ho?tcua nguOi dan chu yeu Ia ngu6n NDD. S6ll~u 
99,16%, ( > 50%, bang 5), di~u nay th~ hi~n nhu cau nay cOng phU hOP v6i k~t qua cita Bao cao hi~ f11mg 

su d\lfig mr6c cho sinh ho?t t?i khu VI!C nghien cln.i khm thac su dl}flg nliOc dt1'6i da't vimg DBSCL [3] 

B • 5. K~t ua tinh toan chi s6 sud NDD cho sinh hoat 

SIT Tinh 
Khai thac NDD cho sinh Nhu cau nu6c cho sinh 

ho?t (m3 / nga ) ho?t (m3/n a ) 
1 Can ThO' 101.398 119.196 85,07 
2 H~u Giang 31.548 54.552 57,83 
3 S6cTrnn 73.190 94.848 77,17 
4 Kien Giang 61.325 64.848 94,57 
5 B~c Li~u 63.072 65.880 95,74 
6 CaMau 87.493 88.236 99,16 

Cilil ThO' 86,61 K&t qua tinh toan chi so' qm ld¢t cac tang chlia 1---n=-2
1
_1------+-__:_-+-_1.....:3,_39_+------l 

nu6c 

Being 6. K~t qua tinh toan chi s6 ~ ki~t NDD cho 
cac tfulg chll'a ntr6rc 

Ty 1~ di~n tich vtmg h? 
th.1p ffil!C nu6c so v6i 

TCN Tmh thanh tOng di~n tich TCN (%) 
Cao Trung 

Thap 
(chi sO) blnh 

QP3 Can ThO' - 100 -
H~u Giang - 100 -
S6cTr~g - 100 -

B?c Lieu - 100 -

Ki~n Giang - 100 -

Ca Mau - 100 -

QPZ-3 Can ThO' 63,36 36,64 -
H~u Giang 89,77 10,23 -
S6cTrnng 92,72 7,28 -
B?c Lieu 100 -

Ki~n Giang 98,71 1,29 -
CaMau 100 - -

qpl can ThO' - 100 -
H~u Giang 37,98 62,02 -

S6cTr~g 67,09 32,91 -
B?c Lieu 100 - -

Ki~n Giang 84,65 15,35 -
CaMau 100 - -

n22 Cilil ThO' 92,93 7,07 -
H~u Giang 100 - -
S6cTr~g 100 - -
B?c Lieu 100 - -

Kien Giang 96,35 3,65 -
Ca Mau 100 - -

H~u Giang 100 

S6cTr~ng 34,53 65,47 

B?c Lieu 100 

Kien Giang 100 

CaMau 100 

Can ThO' 97,18 2,82 

H~uGiang 68,55 31,45 

S6cTr~g 41,49 58,51 

B?c Lieu 82,37 17,63 

Kien Giang 100 

CaMau 100 

Dl;Ca tren ngu6n t?i lieu c6 duoc tir 39 cong trinh 
quan tr:ic ml;CC nu6c thu(>c khu VI!C Ban dao Ca Mau 
v6i s6 Mu quan b·ac tir nam 1995 va 2000 cho den 
nam 2010 [2, 3, 4], da tinh toan chi s6 C?fi kiet cho 
tUng tang cht!a nl16c trong khu VI!C nghien cln.i. Ket 
qua chi ra ring ngo?i tn:r tAng cht!a nl16c Pleistocen 
tren (qp3) duqc xep vao muc Mn vfmg theo chi so 
qtn kiet (do so luc;mg gieng va trcr luc;mg khai thac 
tAng cht!a nu6c nay tuong doi it-c6 th~ do chftt luQ'Ilg 
ch11a dam bao, Sl! bo ~P trl;Cc tiep tir ngu6n nu6c m~t 
kha d6i dao n~n toe d(> h? thap ffii!C nu6'C ctla tAng 
cht!a nu6c nay cho den nam 2010 thu(>c t6c d(> trung 
binh) . Con cac clng con l?i nhtr. qp2-3, qp1, nl, n2

1 va 
n1

3 khu VI!C BDCM deu thu<)c vilng khong M n vfmg. 
D~c bi~t la t?i cac tang chtra sau n2

2, n2
1 va n1

3 thu<)c 
khu V1!C tinh Ca Mau, Kien Giang va Soc Trang c6 
toe d<) h? thap ffil;CC n116'C rat 16n (du ring m~t d<) khai 
thac nho). Cac gieng khai thac chu yeu la cac gieng 
khai thac cong nghi~p v6i ltrU luc;mg 16n lam toe d<) 
h~ thap ffil;CC nu6c ~ng cao. Do d6, can phru xem xet 

- - ... , ~- - .. , 
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l~i qua trinh quy ho~ch, khai thac va quan ly tai 
nguyen NDf> cho toan khu vvc. 

5. KfiLUAN 

Vi~c danh gia va quan ly ngu6n tai nguyen nu6c 
du6i dat thong qua cac chi so la m¢t phuong phap 
khoa hoc duqc UNESCO va nhieu t6 chuc tren lhe 
gi6i Slr dt,mg, v6i dieu ki~n d~c thu va ngu6n tai Mu 
c6 duqc ctla khu VI!C nghien ct1u thi b¢ chi s6 g6m 4 
chi s6: chi s6 ngu6n NDf> c6 lh~ tai ~o tren dau 
nguOi, chi s6 khai thac NDD so v6i trfr lu<.mg khai 
thac tiem nang, chi s6 su di,Ulg nu&c cho sinh ho~t, 
chi s6 C;.in ki~t cac tang cht1a nu&c Ia phli hQ'P v6i 
cong tac danh gia tinh ben vfmg ngu6n tai nguyen 
nu&c du6i dat ctla khu vvc ban dao Ca Mau. Ket qua 
nay Cflng phu hqp v6i cic nghien CUu cua Lien doan 
quy ho~ch va dieu tra Tru nguyen nu6c mien Nam. 
Vi~c lt,ra chon gia tr~ djnh ltrqng nay g6p phan tich 
CI!C vao cong tac qufm lyva khai thac ben vflng nu6'C 
du6i dat khu V\fC nghien CUu n6i rieng Va toan vung 
song Ctiu Long n6i chung, d~c bi~t trong b6i canh 
anh hu<mg cua vi~c bien doi khi Mu rna vling nghien 
CUu duqc dl! doan Ia bi anh huang kha nghiem trQng. 

UHCAMON 

ho{lch va di&u Ira tEli nguyen nu6r: mi&n Nam da h6 
lr(J' tEli li¢u_-.trao dol, thao lu[ln trong qua trinh nghien 
ctiv. 

TAl Uf:U THAM KHAO 

1. Nguy~n Dinh Tu va nnk. Banh gM tfnh b~n 
vilng ngu6n tai nguyen nu6r: duOi da't khu VlfC ban 
dao Ca Mau. f>~ tai NCKH f>HQG-HCM, 2016. 

2. Bui Trfm Vuqng va nnk. Bao cao ktt qua xay 
dlfl'Jg m6 hinh dong chay nu6r: dtr6i da't va djch 
chuydn bien mijn vimg fJBSCL Lien doan Qui ho~ch 
va dieu tra tai nguyen nu&c mien Nam, 2014. 

3. Bui Tran Vuqng va nnk. Bao cao hi¢n flrwg 
khai thac s{r d~mg nu6r: du6i da't vzing fJBSCL Lien 
doan Qui ho~ch va dieu tra tai nguyen nu&c mien 
Nam,2014. 

4. Bui Trfm Vu911g va nnk. Bao cao ktt qua tinh 
Loan lu()1lg bd qip cho nt.r6r: du6i da't vzing fJBSCL 
Lien doan Qui ho~ch va dieu tra tai nguyen nu&c 
mien Nam, 2014. 

5. Bui Trfm Vu911g va nnk. Bao cao chi ti€t kjch 
ban BfJKH v~ mlfC nu6r: bien dang vzing fJBSCL 
Lien doan Qui ho~ch va dieu tra tai nguyen nu&c 
mien Nam, 2014. 

6. Jaroslav Vrba and Annukka Lipponen, 2007. 
Tac "7·a· c.;;...., 011 EJ"c.r.Qcrrn.HiC:'M dii ho trf>' kinh 

6
' i.lm n• .1. .r. y Groundwater Resources Sustainability Indicators (I 

phi nghien ctiv thong qua d~ tai f)anh gia tinh b~11 H p - V I Series on Groundwater no. 14). Ground 
vtlng ngu6n tai nguyen nu6r: dtr6i da't khu VlfC ban 
dao Ca M au ma 50 c20l4-?(j.()2. Cam 

011 
7S. Btii water indicators working group UNESCO, IAEA, 

. IAH. 
Tran Vu()1lg; cac chuyen gia thu9c Lien doan Qui 

152 

SELECTION OF SUSTAINABIIJ1Y INDICATORS FOR UNDERGROUND WATER RESOURCES 
FOR CA MAU PENINSUlA 

Nguyen Dinh Tu 

Summary 

Groundwater resources management based on indicators has been popularly applied in the world. 
However, it is just introduced recently in Vietnam. Based on a number of indicators recommended by 
UNESCO, the authors have proposed 04 indicators to assess the sustainability of groundwater resources 
for Ca Mau peninsula. These indicators are the first proposed for Mekong delta areas, Vietnam. They 
include: index of reproductive groundwater per capita, index of extraction of underground water compared 
to potential reserves, index of water used for domestic, and index of aquifers depletion. In this paper, we 
present calculation methods and the results. These results can serve for sustainable groundwater 
management in Ca Mau peninsula, Mekong delta. 

Keywords: Sust.ainability iiJdjcators, groundwater resources, Ca Mau pcmnsula. 
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