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TOM TAT: Xam nhép mdn nuée dudi dit khu viee ven bién tinh Nam Pinh d3 Va dang gay ra
nhiéu anh hirong tiéu cuc dén hoat dong kinh té va doi song dan sinh. Vliéc xdc dinh phdn bé tong
do khodng héa va ranh gidi mdn nhat o khu vuc ven bién & can thiét, ¢ Y nghia vé mdt khoa hoc
va thuee tién, nhat 1a trong hoach dinh chinh sach va giai phap quan Iy tai nguyén mede dwdi dat.
Trén co sé phén tich cac mau nieée va xay dung cdc phirong trinh twong quan giita g dan dién ciia
niede trong tang chira nwée (mede tang), tong do khodang héa va ham leong Clorua (CI') bang phan
tich variogram (dwa trén sir phan bé khong gian ciia cdc diém mau) trong img dung phwong phdp
néi suy Kriging, da thanh ldp diege ban d@o hién trang phén bé TDS tang chita meée Pleistocen cho
toan bg khu viee nghién ciru. Ban dé hién trang ndy cho thdy, nidc nhat dwdi dat phdan bé chii yéu &
khu v phia nam va mét phdn nho ¢ khu vue phia béc ciia tinh Nam Dinh.

T khéa: Xam nhdp man, Nam Dinh, tdng chita nuée Pleistocen.

MO PAU

Tai nguyén nudc dusi dat dong vai tr0 quan
trong trong vi¢c phat trién doi sdng dan sinh
cting nhu kinh té cta Viét Nam. Tuy nhién
nhitng tic dong tiéu cuc ctia xam nhap min do
khai thac nuéc qua muac, do bién doi khi hau,
hay do nuéc thai chua qua xtr ly tir nguodn nudc
bé mat da lam gia ting nguy co de doa dén
ngudn nudc ngam.

Nam Binh la mét tinh nong nghigp nam &
phia nam caa ddng bing song Hong, Véi dién
tich la 1.669 km2. Theo so liéu cua Tdng cuc
thdng ké (2013) [1], téng dan s6 cuaa tinh Nam
Dinh 1a 1.833.500 ngudi, voi mat do dan sé 1a
1.100 nguoi/km?, dung thtr 7 vé dan sb céac tinh
thanh phé trén toan quéc. Do dan sb dong, nén
nhu cau su dung nuéc ngot phuc vu cho sinh
hoat va nudc udng ting cao. O déy, ting chira

nudc Pleistocen 1 ting c6 trir lwong nuéc 16n,
nhung do bi khai thac qua muc dan dén hién
twong xam nhiap man rit nhanh. Theo
QCVNO1:2009/BYT [2] Ve viéc ban hanh Tiéu
chuan vé sinh nude an udng cua Bo Y té thi
tong d6 khoang héa (TDS) phai nhé hon hoac
bang 1.000 mg/l va CI" nhé hon hodc bing
300 mg/I ddi vai viing ven bién.

Trén co s& téng hop cac ket qua nghlen cau
vé diéu kién dia chat, dia Chat thuy van & cac
giai doan trudc (Chu yéu tir két qua “Lap ban
dd dia chit thuy van 1:50.000 vang Nam Dinh”
nam 1996 cua Nguyen Van bd) co the phan
chia ra cac don vi DPCTV tir trén xubng duéi
nhu sau:

Tang chia nudc 16 héng cac trdm tich
Holocen trén (ghy);

Céc thanh tao nghéo nudc Holocen dudi;
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Tang chia nudc 16 héng cac trdm tich
Holocen dudi (ghy);

Cac thanh tao rt nghéo nuéc Pleistocen
trén;

Tang chia nudc 16 héng cac trdm tich
Pleistocen (qgp);

Tang chira nudc 15 hdng - khe nut via cac
tram tich Pliocen (ny).

Nghién ctu nay tap trung vao su phan b
man nhat cua tang chtra nuée Pleistocen co triv
lugng I6n khoing 300.000 m3/ngay [3]. Néu
xam nhap man dugc kiém sodt va ngan chin
mot cach co higu qua thi nguén nude dudi dat
trong tang gp co thé duoc khai thac va st dung
mét cach bén viing.

PAC PIEM DIA CHAT THUY VAN TANG
CHUA NUGC LO HONG PLEISTOCEN

Tang chira nudc Pleistocen phan bé rong
khép dién tich vung nghién ctru nhung khong 19
trén mat ma chi cé thé bat gap nho 16 khoan.
Thanh phan thach hoc cua dat da chira nudc
bao gom cat san soi 1an it cudi da khoang thuoc
hé ting Vinh Phiic (aQ:’vp), Ha N¢i (Q:" ?hn)
va Lé Chi (Q,'lc). Chiéu day bién dol tr 10 m
dén 78 m, trung binh 45 m. Noc tang chia
nuGe nam tiép dudi cac thanh ta0 chira nudc
kém hé tang Vinh Phic (amQ4*vp,). Pay tiép
glap Véi cac tram tich Neogen, 1 it ¢ phia tay
c6 thé nam tryc tiép 1&n bé mat da voi T.a dg.

Nudéc trong tang co ap luc, cot ap luc rat
Ion to 50 m den 70 m, myc nudc nam khén
sau cach mat dat tr 0,0 m dén 2 5 m. Qua ket
qua thi nghiém, cac I6 khoan vao tang nay deu
cho luu lugng lon. Céc 16 khoan ¢6 luu luong
I6n hon 5 /s chlem 66%. DO téng khoéng hoa
Cla nu6c dudi dat bién d6i trong mot khoang
rong tir nhat dén man. Vung c6 do tong khoang
ho& 16n hon 1 g/l nim & phia béc va déng khu
vuc nghién ciru, trong d6 16n hon 3 g/l chiém
di¢n tich rat nho & phia déng bac Vung nuGe
c6 d6 téng khoang hoa < 1 g/l nam & phia tay
nam, trong d6 viung giap_ bién thuodc cac huygn
Hai Hau, Ngh1a Hung van la nuéc nhat. Tang
chira nuéc co quan hé thUy luc yeu véi cac tang
chira nuc trén n6 (gh; va ghy) thé hi¢n & chd &
tat ca céc 15 khoan bom thi nghlem tang gp, cac
15 khoan quan sat ting gh; va gh, khdng bi anh
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huong. Pong thai nude dudi dat it thay dol
bién do dao dong/nam cia muc nudc dudi dat
chi khoang 0,2 - 0,5 m, d¢ téng khoang héa va
thanh phan hoé hoc cua chling ciing it bién dbi.

Diéu kién cung cap cho tang chira nu6e dén
nay c nhiéu gia thuyet nhung c6 thé phan tich
dé loai trir mot sb gia thuyét. Muc nudc tang
chira gp cao hon cac tang ghy va ghy, do dé c6
thé loai trir kha nang nudc cap tir trén xudng.
Nhu vay chi ¢6 thé 1a ngudn cung cap tir xa
hoac tur cac tang chira bén dudi gom: n, ta, pr.
C6 y kién cho rang nguon cung cap cha yéu ¢
phia tay bic trong cac tram tich t,a vang Ninh
Binh, nudc chuyen dong theo phuong tay bic -
dong nam theo cac dut gay klen tao hoic cac
d6i Karst, cung cap 1én cho ca tang chira nuéc
Neogen va Pleistocen nén day cac ranh gigi
man nhat ra xa l1én phia déng bic va ra phia
bién (Nguyén Vin Do, 1996).

Tang chira nuéc Pleistocen rat co y nghia
trong cung cap nudc, nhat 1a véi viing ven bién
khan hiém c&c ngudn nudc nhat, tuy nhién viéc
khai thac ¢ day dang tu phat tuy tién, vi vay
can duoc didu tra danh gia diy du va co quy
hoach khai thac sir dung mét cach hop ly.

TAI LIEU VA PHUONG PHAP NGHIEN
Cuu
MAu nuéc
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Hinh 1. Vi tri khu vuc nghién cuiru
va cac diém lay mau

Bai bao su dung 284 mau nuGe trong ting
chira nuéc Pleistocen dé thanh 1ap ban d6 phan



bo ham lugng TDS (hinh 1). Trong dé, 204
mau & tit ca cac huyén (bleu tuong h|nh tam
glac mau xanh trén ban dd) dugc tong hop tur
cac dy an trudc day [4-6]; 80 mau con lai (bleu
tugng hinh chiam tron do) duoc tién hanh lay
mau ngoai thuc dia vao thang 7 nam 2014 xung
quanh ranh gi¢i min-nhat da duoc nghién cau
trudc ddy. Cac miu nay duoc phan tich bang
phuong phap do d6 din dién cua nudc ngay tai
hi¢n truong va phan tich héa hoc ham lugng
TDS va Clorua tai phong thi nghiém Céac ket
qud phan tich duoc su dung voi muc dich
chudin héa ranh gigi man-nhat khu vuc
nghién curu.

Phan tich miu nwéc xac dinh TDS

Dé xac dinh ham quorng TDS, nghién ciru
st dung phuong phap say kho. Nguyen tic
chung cia phuong phap la loc mau nudc qua
mot bo loc chuin, nuée loc dugc lam bay hoi
trong coe thuy tinh da biét trude khéi lugng va
Say toi kh01 lwong khong ddi ¢ nhiét do 180 +
2°C. Kh01 luzorng tang 1én cua cdc chinh 13 tong
lwong chit rin hoa tan (TDS).

Ngoal ra, co thé do truc tlép do dan dién
Cua nudc tang tai cac vi tri c6 giéng khoan tién
hanh liy mau nudc, do do dan dién cia nudc va
trén co s¢ phu:ong trinh quan hé gitra do dan
dién va tong chat khodng hoa tan s& xac dinh
duogc tdng cht khoang hoa tan.

Pia théng ké va phép ndi suy Kriging

Viéc xac dinh phan b TDS tAng chtra nude
Pleistocen duoc thuc hi¢n bang ky thuat noi
suy Kriging tir cac sb liéu tng hop, ldy mau va
phan tich [7, 8]. Kriging la mot nhom ‘phuong
phap dia thong~ ké dung dé noi suy gia tri cua
maot truong ngau nhién tai mot diém chua blet
gia tri tr nhitng gia tri da biét & nhirmg diém
lan can.

Dé str dung duoc phuong phap noi suy nay
can phai tinh toan dugc thong sb cua Ham cau
trdc variogram. Theo d6, Ham cau tric
variogram duoc dinh nghia nhur 1a mot nira ;,
vong toan cua bién ngau nhién [Z(x) - Z(x+h)]%,
nghia 1a:

v(h) = E[Z(x) - Z(x+h)]*

Trong do6: Z(x), Z(x+h) la hai dai luong ¢ hai
diém nghién cau x va (x+h) cach nhau mot
doan h theo mét hudng xac dinh nao do.

Nghién cizu hién trang phan bé téng do ...

Ham céu trdc thuc nghiém dugc xac dinh:

r( ZN(h)z“” [2(x)-z (x+n)]

N(h) - s6 lugng cip diém tinh toén.

Ham cau tric 1a mot cong cu dé dinh luong
tinh 6n dinh hay lien tuc hay su tuong quan
khong gian cua dbi tuong nghién ctu bing
cach nghién ciu cac gia tri binh phuong trung
binh cua hiéu gitta hai gid tri cach nhau mot
khoang cach h theo mot hudng xac dinh.

Cic bwéc tién hanh ndi suy bing Kriging

1. Khao st cac ddc trung thng ké cua tap
dir lidu, dic bi¢t cha y dén tinh phan bd chuan
cua dir liu. Néu dir liéu khong c6 phan b
chuan thi phal chuyén dang di liéu dé thoa man
y&u cau nay.

2. Xay dung biéu dd. Biéu db phan 4nh méi
quan hé gitia su bién thién cua dir ligu voi
khoang cach gitra cac diém nay.

3. Lua chon mo hinh thich hop voi tap dit
liéu. Quy luat quan hé caa su bién dong cua dir
ligu véi khoang cach giira chung dugc Xap xi
bang mot trong cac ham so da duoc xac dinh
truede (ham cau, ham Gauss, ham hiy thira, ...)
nhu ¢ bang 1.

4. Tién hanh noi suy theo mé hinh da chon.

Bang 1. Mot sé mo hinh cua tap di liéu

M6 hinh Dang dbé thi

Cau

Lay thira

Gauss

Panh gia dé tin ciy cia két qua ndi suy

Trén thuc t& dé danh gia do tin cay cua két
qua noi suy thurong thdng qua cac phuong phap:
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So sanh ban dd noi suy vai cac ban d6 da
duoc thanh lap trude do.

So sanh két qua noi suy véi két qua khao
sét truc tiép tai hién truong.

KET QUA NGHIEN CUU

Tir céc két qua phan tich tong chat khoang
hoa tan, ham luong CI" va do dan cia mau nuéc
tai cac gleng khoan cho phep chung ta thiét lap
duoC moi tuwong quan gitra do dan dién cua
nudc trong ting, tong chit khoang hoa tan va
CI' nhu trén hinh 2.

Méi quan h¢ giira TDS, do din dién cia
nu6c tang va ham lwong CI

&
250

Y=0,537X-0,032 ¢

TDS @

MG&i quan hé gitta TDS, d6 dan di¢n cua
nudc tang va ham luong CI” theo ting cép duoc
mo ta bai do thi va phuwong trinh nhu hinh 2.

Ba phuong trinh dwgc xay dung va biéu
dién theo phuong trinh tuyén tinh cé hé sb
trong quan R? rat lon xap xi 1 va c¢6 do léch
chudn déu khong vuot qua 15%. Bing céch
tinh toan nay, néu mot trong 3 gi tri cua tirng
bién trén biét két qua thi 2 gia tri con lai s& tinh
toan dugc ma khong can do dac. Hon nira, gid
tri do léch chuan con ¢am bao dau vao cho mo
hinh dia chat thay vin dé du bao cac kich ban
nhiém min c6 thé xay ra trong twong lai.

Y =10,333*X - 0,140 +

50 200 250 300 350
Do dansm)

Bin do phan bé ham lwong Tdng dd khoang
héa ting chira nwéc Pleistocen

Sy phan b man-nhat véi duong ranh gici
TDS=1 g/l dugc ndi suy tr cac mau nudc cua
nghlen ctru trude diy dé cé cai nhin téng quan
Vvé Xxam nhap man.

Trong sb 204 mau nuée ké trén thi ¢ 3
mau dudng nhu xudt hién di thuong va duoc 90
bo trong qua trinh 18i thd duoc bo di véi
khoang y nghia 1a 95%.

Két qua phan tich bién dong khong gian
muon c6 do tin cdy cao hon thi s6 liéu dau vao
can co phan phdi chuan. Cach nhan biét don
gian nhat dé xem chudi sb liéu co phan bo
chuin hay khéong Ia 1ap bang phan phéi xac suét
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Hinh 2. Méi quan hé gitra: a) TDS véi do dan dién cua nude ting, R?=0,92, SD (Do lgch
chuin)=15%; b) TDS véi CI', R?=0,98, SD (P léch chuan)=11%; c) CI vé&i d6 dan
dién cua nudc tang, FZ2 0,88, SD (P9 léch chuin)=11%
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P§ dan (S'm)

(©)

thong ké cua tap dir liéu. Néu di liéu la phan
phdi chuin thi tri trung binh (mean) va trung vi
(median) gan béng nhau (dao dong tir -1 dén
+1). Do @6, viéc chuyen dix ligu TDS sang ham
logarit TDS véi phan b gan nhu chuin s& tot
hon (hinh 3) va d6 léch chuén nhé tir gi tri c6
dinh (trung binh = -0,221138; phuong sai =
0,331773).

Do thi Log TDS duoc tao ra dua trén phép
noi suy Odinary Kriging. Sau d6, sir dung cac
codng cu toan hoc trong phan mém ArcGIS 9.3
tinh toan gié tri ting diém trong ludi grid, va
két qua da thanh lap duoc ban db phan b ham
lwong TDS ting Pleistocen ving nghién cau
véi ranh gigi man TDS =1 g/l nhu hinh 4.
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Béin dd phan bé tong d khoang hoa sau khi
chuan hoa

80 mau nudc duge do dac vao thang 7 ndm
2014 két hop v6i 201 mau cua nghién ctru
trude day dugc sir dung chuin héa ban db géc.
Két qua ban dd hién trang phan b TDS duoc
chuan héa thé hién trén hinh 5.

Theo két qud tinh toan noi suy, TDS thay
dbi tir 0,04 g/l dén 9,24 g/l. Phia dong caa tinh
Nam Dinh (huyén Giao Thay va mét phan
huyén Xuan Truong) c6 ham lugng TDS cao
nhat. Mac du gan bién nhung phan phia nam
cta tinh Nam Binh khéng bi xdm nhap man.

Nghién cizu hién trang phan bé téng do ...

Dién tich nay chiém khoang 772,6 km? (chiém
hon 1/2 dién tich toan tinh) gdm toan bd huyén
Hai Hau va Nghia Hung, phia nam Y Yén,
Nam Truc, Truc Ninh, Xuin Truong va mot
phan nho huyen Giao Thay. Khu vuc nghién
cau Cung c6 mot phin nho dién tich nuéc nhat
nam & huyén Vu Ban va thanh pho Nam Dinh
chiém dién tich khoang 58,73 km?.

Déi sénh hai ban d trude va sau khi chuén
hoa, c6 mot sy khac nhau rat dang cha y 1a
phan bé TDS & huyén Giao Thay va Xuan
Truong duoc xéac dinh chi tiét hon dua trén két
qua phan tich thém 80 mau do mai (hinh 6).

Trong hai ban d6 trén (hinh 4 va hinh 5),
dién tich phan b6 TDS < 0,5¢/I va tir 0,5 - 1 g/l
la di¢n tich vang nuéc nhat st dung cho an
udng va sinh hoat cua vung nghién ctu. Dign
tich nu6c nhat & ban do trudce chuin héa
(hlnh 4), tic 14 tir cac ngudn sé lidu thu thap &
giai doan truoc la lién tuc, vai téng di¢n tich la
859,76 km?’, trong khi d6 trén ban db sau khi
chuian héa (hlnh 5) dién tich ving nudc nhat
lai gian doan va nho hon, véi dién tich
831,33 km’.
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Ban d6 phuong sai du béo (hinh 7) dwoc su
dung dé kiém tra tinh chinh xac cua két qua noi
suy. Ban dd cho thdy tai cac vi tri co cac diém
ldy mau véi mat do cao thi phuong sai s& thap,
diéu d6 c6 nghia 1a do chinh xac cao hon.
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Hinh 6. Phan b TDS trudc khi chuan héa (a)
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Hinh 7. Phuong sai ctia ban d6 du bao
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Bén dé phan b ham lwgng Clorua
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Hinh 8. Ban d6 phan b4 ham luong Clorua

Tuong tu nhu ban df) phan bé ham luong
TDS, ban d6 phan boé ham luwgng Clorua
(hinh 8) duoc xay dung dua trén tinh toan ting
diém mau va sir dung phuong trinh twong quan
gitra TDS va CI (hinh 2b).

KET LUAN
Két qua nghién ctru d4 chi ra rang:

_ Gia tri TDS tang chira nudc Pleistocen
nam trong khoang tir 0,04 g/l deén 9,24 g/l. Dién
tich tang chua Pleistocen khoang 831,33 kny’,
phén bo chi yéu & phan phia nam va mot phan
nho trung tdm phia bac cua tinh Nam Dinh.
Dua trén kit qua nghién cau da khoanh dinh
duogc mot cach chi tiét cac ving c6 ham lugng
TDS cao thap khac nhau trong khu wvuc
nghién curu.

Méi quan hé tuyén tinh gitta TDS, d¢ dan

di¢n cua nudc trong tang gp va ham luong
Clorua dugc xac dinh c6 h¢ so tuong quan rat
cao va do léch chuan thap (nho hon 15%), d6 la
co sG dau vao cho viéc tinh toan, nghién ciru va
xdy dung cac md hinh dy bao xam nhap man
tang chira nudc Pleistocen ¢ Nam Dinh. Ban do
phén bo ham Iugng Clorua cling d@ duoc xay
dung dua trén cac cong thic tinh toan trén.
Loi cam on: CAc tac gia xin cam on dé tai
VAST: “Nghién cau mirc do xam nhap min
tang chira nuéc Pleistocen khu vuc ven bién
Nam Dinh do khai thac qua mic nuéc dudi
dat”, md so: VAST06.06/14-15 da ho tro cac
diéu kién can thiét dé hoan thanh cong trinh
nghién ctru nay.
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STUDY CURRENT STATUS OF TDS DISTRIBUTION IN THE
PLEISTOCENE AQUIFER IN COASTAL ZONE
OF NAM DINH PROVINCE

Trinh Hoai Thu', Nguyen Nhu Trung', Do Van Thang!,
Vu Van Manh?, Nguyen Thu Hang?

YInstitute of Marine Geology and Geophysics-VAST
2University of Science-VNU

ABSTRACT: Saltwater intrusion has occurred in coastal aquifers in Nam Dinh province,
Vietnam, which causes many negative effects on economic activities and especially residential life.
Determining fresh-saltwater distribution is therefore necessary for authorities to have fundament to
release policies and solutions promptly to prevent this issue. Based on the analysis of samples, 3
regression equations of each couple of the conductivity, total dissolved solids (TDS) and chloride
concentration were formulated and displayed on graphs, these can be applied to calculate TDS
from available conductivity or chloride concentration values in any areas. Calculating all input
data, a variogram was created, which indicates the spatial correlation between points. Then,
Kriging interpolation was applied in map-making process. Finally the spatial distribution of fresh
and saltwater was delineated. Freshwater regions are located in the southern part and a small area

in the north of Nam Dinh province.

Keywords: Saltwater intrusion, Nam Dinh province, Pleistocene aquifer.
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