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Tém tat: Cén bdng nuwdc dudi ddt Id mét phdn cua qudn ly tai nguyén nwdc dudi dét néi riéng va quén
ly tai nguyén nwdc ndi chung. Bién déng cén bdng nwdc dudi dét (NDP) tai cdc tdng chira nwdc Holocen va
Pleistocen trong trém tich Pé tir lwu vire séng Nhué - Ddy duwoc thuc hién nhém ddnh gid sw thay déi gitra
lwong NDP duwoc b6 sung va thodt theo thoi gian & cdc viing cén béng khdc nhau. Cdc di liéu vé cao dé muc
nuéc dudi dét theo thoi gian tai cdc cdng trinh quan trdc tdi nguyén nuwdc quéc gia va cdc théng sé dia chdt
thdy vdn cua cdc téng chira nwde duoc thu thdp, téng hop va phdn tich. Trén co' s& dd, cdc bén dé déng
cao d6 muwe NDPD tai cdc téing chira nwdce 16 héng Holocen (gh), Pleistocen (qp) theo thoi gian va cdc bén dd
ddng hé s6 dan nuwdc, hé s6 nhé nude va chiéu day cia mdi tdng chira nuwde dugc xdy dung béng céng cu
GIS. Bién déng cén béng nudc dwdi dét tai hai tdng chira nwdc gh va gp theo thoi gian trung binh cdc thdng
trong ndm 2022 ctia cdc ving cdn bdng trong lwu vire séng Nhué - Bdy duoc tinh todn theo phuong phdp
Darcy béng céng cu Darcy Flow trong phén mém Arcgis. Két qud xdc dinh bién déng cén bdng nudc dudi dat
dé xdc dinh tdng chira nwéce gh duwoc bé sung dao déng tir 1.911 m?/ngay dén 3.428 m?/ngay, trung binh
2.580 m*/ngay; téng chira nuée qp duoc bé sung dao déng tir 33.401 m?/ngdy dén 36.319 m/ngay, trung
binh 34.722 m?/ngay.

Titr khéa: Bién déng cdn bdng nudc dwdi dét, GIS, tdng chira nude 16 héng, luu vire séng Nhué - Bdy.

1. Patvan dé

Luu viec song Nhué - Bdy la mét lwu vue song
I&n cla nuwdc ta, cé vai tro v clung quan trong
trong viéc cung cap nudc cho sinh hoat va phat
trién kinh té& - xa hoi clia th d6 Ha Noi va cac
tinh Ha Nam, Nam DPinh, Ninh Binh va Hoa Binh.
Theo s& liéu thdng ké hién nay viéc khai thac
NDD trong lwu vyrc song Nhué - Day khoang 1,3
triéu m3/ndm, chiém 13% téng lwong khai thac
nuéc dudi dat trén toan quéc (khoang 10,4 triéu
m3/ndm) [5]. Hoat d6ng khai thac nwdc dudi dat
véi cuwong do Ién & cac khu vwee Thd d6 Ha Noi
va ven bién cac tinh Nam Dinh, Ninh Binh d3
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tac dong khdng nhd dén tai nguyén nudc trong
lwu vee, mue nude dudi dat suy gidm lam phat
sinh nhidu van dé@ méi trwdng nhu sut Iin nén
dat, xam nhap man, gia tdng qua trinh 6 nhiém
ngudn nuwdc [1]. Cac cong trinh khai thic quy
mé |&n chd yéu tap trung trong tang chira nudc
Pleistocen. Qua trinh khai thac lau dai véi lwu
lwong 1&n va hé thdng cac cong trinh khai thac
m& réng d3 1am cho phéu ha thap muc nuéc
dudi dat ha thap hon va dién tich phéu ha thap
gia tdng. Dac biét, vung phia Nam séng Héng do
bi khai thac manh m& nén d3 hinh thanh phéu
ha thap nudc dudi dat Ién véi quy mo dién tich
trén 300 km? [1, 3].

Mac du da cé mot s6 cdng trinh nghién ctru
vé can bang nudc dudi dat & lwu viee sdng Nhué
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- Day trong thoi gian qua [4, 7, 8]. Tuy nhién, viéc
nghién clru tinh toan bién dong can bang NDD
tai cac ting chra nudc 16 héng trong tram tich
Dé ti theo thoi gian cac thang trong nam chua
duogc dé cap hodc chua du do tin cay dé phuc
vu phan bé, khai thac st dung hop Iy ngudn tai
nguyén nudc dwdi dat trong lvu vure séng Nhué
- Ddy. Chinh vi vay, viéc nghién clru bién dong
can bang NDDP nham xac dinh su thay déi gitta
lvgng nudc bé sung va lvong thodt theo thoi
gian & cac khu vuc khac nhau trong luu vic cé y
nghia rat quan trong.
2. Co ' s& ly thuyét

Lwu lugng Darcy va van t6c Darcy két hop véi
thanh phan hat va d6 16 réng cé thé duoc st
dung d& mé phdng qua trinh phan tén - chuyén
tiép cla cdc thanh phan trong nuéc dudi dat.
Phuwong phap nay mo hinh hoa dong chay hai
chiéu, hén hop theo chiéu doc, chiéu ngang va
trong trang thai 6n dinh, trong d6 cot ap khéng
phu thudc vao d6 sdu. Theo dinh luat Darcy, téc
dd tham cda dong chay (q) trong méi truong
16 rdng duoc tinh todn tir hé s& tham (K) va
gradient thay luc cia dong chay (Ah) trén mét
don vi chiéu dai theo hudng dong chay trong
tang chra nuwéc ddng hwdng theo cong thirc sau
[10]:

- KAh (1)

Trong d6: K 13 hé s6 thdm cda tang chia
nudc (m/ngay) va duoc tinh tir hé s6 dan nudc

i.j i+1,
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h

(T) va chiéu day tang chira nuéce (b) khi K = T/b;
g la t6c d6 tham cda dong chay (m3/ngay/m?).

Jacob Bear (1987) [12] d3 dinh nghta t6c d6
thdm cha dong chay (q) |1a thé tich nwdc chay
trong mo6t don vi thoi gian qua mot don vi dién
tich mat cdt ngang vudng géc véi hudng cla
dong chdy. Lién quan chat ch& dén thé tich chay
ra nay |a lwgng thay déi thé tich cua tang chira
nudc (U), 13 lvu lugng trén mot don vi chiéu
rong cla tang chira nwdc (v&i don vi: Thé tich/
thai gian/chiéu dai):

U=-TAh (2)

Phuong trinh nay gia dinh rang cot ap khong
phu thubc vao do sau muc nuwdc, khi dé dong
chay nam ngang. Van t8c trung binh cla chat
|dng trong cac 16 rdng, dwoc goi 1a van tdc tham
(V), 1a van téc Darcy chia cho d6 16 rong hiéu
dung cta mdi treong tham:

_ —KAh _ —TAh

U =
bn

(3)

4
n n

Trong xac dinh lvu lwgng Darcy, t6c d6 tham
(V) nay duogc tinh todn trén co sé& tirng don vi
6 lwdi tinh toan. P3&i vdi 6 i, j, lwong thay d6i
thé tich tang chira nuwdc (U) dwoc tinh todn qua
tirng mat trong 4 mat cda 6 ludi, st dung do
chénh &p luc gitta hai 6 lién ké va trung binh cla
hé s6 dan (Ti+1/2,j) duwoc coi la ddng hudng [13].
Nguyén ly nay dwgc minh hoa & Hinh 1.

dh
- / dx
(1]

dx

: e
i=12,i " ax

Hinh 1. Minh hoa s thay déi thé tich gitra cdc 6 i,j va i+1,j

DE xac dinh bién déng can bang nuwdc & cac
tang chlra nudc, phai tinh todn lvu lwgng nwdc
dudi dat qua tirng mat cta 6 ludi. Luu luong
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Q1 NAY dugc tinh tir lwong thé tich thay
ddi tdng chira nwdce (U) va chiéu rong 6 ludi Ay
theo cong thirc:
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Q12 = Y2V (4)

Cac gid tri twong tu thu dugc cho cd bén
mat & lwdi. Cac gia tri nay duoc sir dung dé tinh
lvong thé tich can bang nudc nuwdc dudi dat
con lai cta 6 lwéi (R ), gid tri nay duoc ghi vao
raster dau ra. Gia tri nay thé hién lugng nudc
du ra (hodc trong trudng hop 1a s6 am la lvong
nudc thidu hut) trong mdi 6 véi luu lwgng thuc
chay vao 6, duwgc tinh nhu sau:

R, =Q Q

Vo

X(-1/2,j) ~ Q stirzy2y) Qy(i,j-l/z) T SYi+1/2) (5)

R, du nay la ly tudng khi bdng O cho tét ca
cac 6. Phan du duong hodc dm |&n cho thay cé
sy chdy ra hodc méat khéi lwong.

Viéc rng dung co s& ly thuyét phwong phap
Darcy néu trén dé tinh toan bién déng can bang
lwgng nuwdc, xac dinh hudng dong chay va van
tdc Darcy ngay nay duoc thuc hién rong rai bdi
cong cu Darcy Flow trong Arcgis [10]. Trong cOng
cu Darcy Flow yéu ciu cac di liéu dau vao bao
gbm cao d6 muc nudc dudi dat, chiéu day, hé
s6 nha nuwdc va hé s6 dan nudc cla tang chira
nudc. Cac file div liéu dau vao va dau ra cta két
qua tinh todn duoc dinh dang bang raster. Két
qua tinh todn dau ra bao gdbm huwéng dong chay
cla vector van tdc thdm tai tdm 6 dugc tinh la
gid tri trung binh cla van t6c thdm qua bdn mat
cla 6; do I&n cha vector van téc tham trung binh
& tdm 6, duoec tinh |a gia tri trung binh cda van
téc thadm qua bén mat cla 6; lvong can bang
thé tich nwdc dudi dat tai mdi 6 duoc xac dinh
bdi dinh luat Darcy.

Ngudn sé liéu str dung: Trong nghién ctru nay,
cac di¥ lidu cao 6 muc nwdc dudi dat dwoc xac
dinh thdng qua tai liéu quan trac déng thai nudc
duédi dat & 121 coéng trinh quan tric quéc gia
trong ndm 2022 [9]. Céc thdng s6 vé hé s6 dan
nwdc va hé sé nhd nudc duoc xac dinh théng
qua k&t qua hut nudc thi nghiém 405 16 khoan
trong vung nghién ctru [1, 6].

3. Két qua va thao luin

Trén co s& dit liéu quan trac tai nguyén nudc

trong vung nghién ctru nam 2022 [9], cao dd

muc nwdc duwdi dat trung binh thidng cha hai
tang chra nudc gh va qp duoc téng hop tir 121
cong trinh quan trac, trong dé 56 cong trinh
quan trac tang chra nudc gh va 65 cong trinh
quan trac tang chta nudc qp. Mudi hai so do
ddng cao d6 muc nudc trung binh thang cla
tang chira nwdc gh va 12 so d6 dang cao muc
nudc trung binh thang cla tang chira nwdc gp
dwoc thanh 1ap bang cong cu GIS véi sw hd tro
tlr phan mém Arcgis. Duwdi day minh hoa so d6
ddng cao dd muc nwdc trung binh thang 4/2022
(mua khd) cla tang chira nudc gh (Hinh 2) va
tang chira nwdc gp (Hinh 3) trong vung nghién
clru.

D{ liéu chiéu day phan b cla cac tang chira
nuwdc dugce tong hop tir két qua khoan va phan
tang dia chat thdy vin cla 752 16 khoan tham
do, khai thac, quan trac tai nguyén nuéc dudi
dat trong pham vi nghién ctru [1, 6]. Tang chira
nwdc gh cé dién phan bd khoang 4.284 km?,
chiéu day cé xu hudng tang dan tir vung ria
phia Tay vung nghién clru vé phia séng Hoéng
V@i chiéu day trung binh 25 m. Tang chira nuwdc
gp c6 dién phan bd khodng 4.037 km?, chiéu
day cé xu hudng tdng dan tir ving ria phia Tay
vling nghién ctu vé phia sdng Héng vai chiéu
day trung binh 31 m. So d6 ddng chiéu day tang
chira nwdc gh va tang chira nuée gp dugce thanh
|4p va thé hién Ian luot trong Hinh 4 va Hinh 5.

Két qua hut nuwdc thi nghiém xdc dinh céc
théng s6 dia chat thdy van cla cac tang chira
nudc (hé s6 dan, hé s6 nha nuwdc) duwoc tdng hop
tlr 44 16 khoan trong tang chira nuwéc gh va 361
16 khoan nghién ctru tang chira nwdc gp trong
vung nghién cru [1, 6]. Tang chira nwdc gh ¢
d6 dan nudc thay déi tir 4,05 m2/ngay (16 khoan
LK30 vung Phu Ly) d&n 575 m?/ngay (16 khoan
LK30 vung Thanh Liém), trung binh 170 m?/ngay.
Tang chra nwdc gp c6 dé dan nudc thay déi tir
0,18 m?/ngay (16 khoan LKDG28 vung Ninh Binh)
dé&n 2.900 m*/ngay (16 khoan LK49 viing Ha Noi),
trung binh 972 m?/ngay. K&t qua thanh lap cac
so do dang hé s6 nha nudc va dang hé s6 dan
nuwdc cla cac tang chira nwdc gh va gp duogc thé
hién trong cac Hinh 6, 7, 8 va 9.
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Hinh 8. So' d6 ddng hé sé dén nudc téng chira nwde gh
DE phuc vu tinh todn bién dong can bang
nudc dudi dat tai cac tang chira nuéc 16 hdng
trong tram tich Dé t(, viéc phan vung can bang
nuwdc cd y nghia quan trong trong viéc phan bé,
khai thac sir dung hop ly tai nguyén nudc dudi
dat. Cac vung can bang nuwdc trong nghién cttu
nay duogc xac dinh trén co s& nguyén tic phan
vung can bang tai nguyén nudc mat két hop voi
viéc phan tich dénh gid so d6 thly dang cao muc
nuwdc cla cac tAng chira nwdce. Cu thé 1a dya vao

Hinh 9. So d6 ddng hé sé dén nudc téng chira nwde gp
dia hinh, phan b6 céc céng trinh khai thac s
dung nwdc mat va hudng dong chay nudc dudi
dat. Két quad da phan chia lwu vue sdng Nhué -
Ddy thanh 5 vung tinh toan bién déng can bang
nwdc dudi dat dé 1am co s& dinh huwdng phan
b6, khai thac sir dung hop ly tai nguyén nuéc
dudi dat theo khdng gian nhu sau (Hinh 10):

- Vung 1: (Thuong luu séng Péy): Bao gém
pham vi cdc huyén, thi x3 gbm: Son Tay, Ba Vi,
Phic Tho, Thach That, Quéc Oai, Chwong My
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thanh phé Ha Néi va mét phan cac huyén Lwong
Son, Ky Son, vdi dién tich 1.293 km?;

- Vung 2: (S6ng Nhué - Dan Hoai): Bao gbm
pham vi cdc quan, huyén gom: Pan Phuong, Bic
T Liém, Nam Tu Liém, Ty H6, Hoan Kiém, Ba
Dinh, Cau Gidy, Péng Da, Hai Ba Trung, Hoang
Mai, Cau Gidy, Thanh Xuan, Hoai D¢, Ha Dong,
Thanh Tri, Thanh Oai, Thudng Tin, Pha Xuyén va
Ung Hoa thanh phé Ha Noi véi dién tich 1.165
km?;

-Vung 3: (Bac Nam Ha): Bao gdbm pham vi cac
huyén: Kim Bang, Duy Tién, TP Phu Ly, Ly Nhan,
Binh Luc, Thanh Liém tinh Ha Nam va cac huyén:
MY Ldc, phia Bic thanh phd Nam Dinh, Vu Ban,
Y Yén tinh Nam Dinh v&i dién tich 1.213 km?;

- Vung 4: (Vung ven bién): Bao gdbm pham vi
cac huyén: Nam Tryc, Xuan Trwong, Giao Thay,

Hai Hau, Nam Truc, Nghia Hung tinh Nam Dinh
va cac huyén Yén Khanh, Kim Son, Yén Mo va
thanh phé Ninh Binh tinh Ninh Binh véi dién tich
1.624 km?;

-Vung 5: (Séng Hoang Long): Bao gdbm pham
vi cac huyén: Kim B6i, Lwong Son, Lac Thay, Yén
Thay tinh Hoa Binh va cac huyén Gia Vién, Nho
Quan, thanh phd Tam Diép va mdt céc huyén
Hoa Lu, Yen M6 tinh Ninh Binh v&i dién tich
2.506 km?2.

Bang 1 trinh bay két qua tinh toan bién déng
can bang nudc dudi dat trong cac tang chira
nwdc gh va tang chira nudc gp & 5 vung d3
duoc phan chia trong luu viec song Nhué - Day.
Hinh 11 thé hién can bing lvong nudc dudi dat
trong cac tang chira nuwdc gh va gp trong pham
vi nghién ctru.
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Hinh 10. So' d6 phén viing cén béng tai nguyén nudc lwu vire séng Nhué - Ddy
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K&t qua tinh todn bién ddéng can bang
nudc cho phép thanh 1ap cdc so d6 can bang
lwong nuwdc dudi dat trong tang chira nudce
gh va tang qp tuong rng véi 12 thang trong
nam 2022. Hinh 12 va Hinh 13 minh hoa két
qua tinh todn bién dong can bang lwong

nudc trong thang 4/2022 (cubi mua khd)
twong rng v&i tang chra nwdc gh va tang
cha nuéc gqp. So d6 can bang lugng nudc
cho tirng vung d8i vdi céc tang chira nuwéc
gh va qp lan lugt thé hién trong Hinh 14 va
Hinh 15.
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Hinh 14. So' d6 cén bdng lwong nudc téng gh trong
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Hinh 15. So' d6 cén bdng lwgng nudc téng gp trong
pham vi lvu vire séng Nhué - bdy




Téng hop két qua tinh todn bién déng can
bang nwdc dudi dat trén pham vi lwu vue song
Nhué - Ddy cho thdy nwdc duwdi dat trong cd 2
tang chra nudc gh va qp déu duoc bd sung vao
hau hét cac thoi diém trong ndm. Trong d6, tAng
chtra nuwdc gh lwgng nuwdce chay vao vung nghién
ciru dao doéng tr 1.911 m3/ngay dén 3.428 m3/
ngay, trung binh mua kh6 2.764 m3/ngay, trung
binh mUa mua 2.396 m3/ngay, trung binh trong
nam khodng 2.580 m3/ngay. Ddi v&i tang chira
nuwdc gp lvgng nwdc chay vao vung nghién ciru
dao dong tlir 33.401 m3/ngay dén 36.319 m?/
ngay, trung binh mua kho 34.685 m3/ngay, trung
binh mUa muwa 34.759 m3/ngay, trung binh trong
ndm khodng 34.722 m3/ngay. Téng can bang
lwong nuwdc cla ca 2 tang chira nwdc gh va qp
trong vung lwu vire séng Nhué - Day dao dong tir
35.586 m3/ngay dén 39.430 m3/ngay, trung binh
mua kho 37.449 m3/ngay, trung binh mua mua
37.155 m3/ngay, trung binh 37.302 m3/ngay.

4. K&t luan

Bi€n dong can bang nudc dwdi dat tai cac
tang chira nudc 16 hdng trong tram tich Dé t&
lwu viee song Nhué - Pay dugc tinh toan dua

theo su bién ddng muc nwdc dudi dat cling nhw
str dung cdng cu GIS. Phuong phap nay rat hiru
ich va dé str dung, tiét kiém chi phi, don gian.
Tuy nhién, han ché cla phwong phap 1a méi
chi xét dén dong chay nam theo phuong ngang
ma chuwa xem xét dén dong chay theo phuong
thang dirng nhu qud trinh tham xuyén gitra cac
tang chira nwdc. K&t qua nghién ctru d3 xac dinh
duoc bién déng can bang nuwdc dudi dat trong
tang chira nwdc gh duwoc bé sung dao déng tir
1.911 m3/ngay dén 3.428 m3/ngay, trung binh
2.580 m3/ngay; tang chira nwdc qp duoc bé
sung dao déng tir 33.401 m3/ngay dén 36.319
m3/ngay, trung binh 34.722 m3/ngay. Két qud
nghién cru nay cé thé hd tro cac co quan quan
ly tai nguyén nudc va don vi khai thac st dung
nudc dudi dat trong viéc diéu chinh ké hoach
khai thac nwdc duwdi dat theo thoi gian tai céc
khu virc ma luvgng bé sung nhd hon lvgng thodt
s& mang lai nhiéu hiéu qua tich cuc trong viéc
phat trién bén virtng ngudn tai nguyén nudc
dudi dat, gép phan lam gidm cac tic dong tiéu
cuc do khai thac nuéc duwdi dat gay ra déi vai
moi truong.
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ASSESSING VARIATIONS OF GROUNDWATER BALANCE OF HOLOCENE
AND PLEISTOCENE AQUIFERS IN QUATERNARY SEDIMENTS
OF THE NHUE - DAY RIVER BASIN
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Abstract: Systematizing groundwater balance is a part of groundwater resource management in
particular and water resource management in general. In this study, fluctuations in groundwater balance
in the porous aquifers in Quaternary sediments in Nhue - Day river basin were carried out to evaluate the
change between the amount of water added and the amount of water drained over time in different areas.
For this purpose, data on groundwater elevation over time at national water resources monitoring works
and hydrogeological parameters of aquifers are collected and analyzed. Isometric maps of underground
water levels in Holocene (gh), Pleistocene (qp) hole aquifers over time and isometric maps of water
conductivity, release coefficient and thickness of each aquifer water was built using GIS software. Using the
data of the built maps, the water balance of the two aquifers gh and qp according to the average time of the
months in 2022 in the Nhue Day river basin is calculated by the Darcy method by using the method of Darcy.
Darcy Flow tool in Arcgis software. The results of determining the fluctuation of groundwater balance have
determined that the aquifer gh is replenished, ranging from 1,911 m3/day to 3,428 m3/day, with an average
of 2,580 m*/day; The added qp aquifer ranged from 33,401 m?/day to 36,319 m>/day, with an average of
34,722 m3/day.

Keywords: Variabilities of groundwater balance, GIS, porous aquifer, Nhue - Day river basin.
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