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(NG DUNG PHUGNG PHAP PHAN T HI'U HAN GALERKIN DE MO PHONG
DONG THAM KHONG ON DINH HAI CHIEU NGANG

APPLICATION OF THE GALERKIN FINITE ELEMENT METHOD FOR SIMULATING TWO-
DIMENSIONAL HORIZONTAL UNSTEADY SEEPAGE FLOW
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Tom tat: Trong bai bao nay, nhdm xac dinh dugc trit lugng, su
thay ddi muc nuéc ngam ciing nhu van téc tham trong qua
trinh khai thac nu6c ngdm tai Thanh phé Kon Tum; cac tac gia
dua vao cac s6 liéu thu thap dugc va thiét lap chuong trinh
tinh toan theo phuang phép phan ti hitu han Galerkin dé
gidi phuong trinh vi phan vé dong thdm khéng 6n dinh hai
chiéu ngang. Turdé lam ca s& d€ du béo su thay ddi muc nudc
ngam va van téc tham trong dat khi c6 phuong an khai thac
nguén nudc ngam khac.

Tirkhéa: Phuong phap phan tir hitu han Galerkin, dong tham
2 chiéu ngang, khai thac nuéc ngam.

1.Dat van dé

Nudc la tai nguyén thiét yéu ctia sy séng, phuc
vu cho moi hoat dong ctia con ngudi. Thuc té, ngoai
viéc sti dung nguon nudc mat dugc lay ti cac con
song trong vung, viéc nghién ctiu stt dung ngudn
nudc ngam la diéu can thiét. Trong chién lugc phat
trién lau dai, nudc ngdm van la ngudn nudc t6t nhat
phuc vu cho sinh hoat, tuéi tiéu trong nong nghiép
va cac van dé€ khac bsi nhiing uu diém ctia né.

Viéc nghién ctiu nudc ngdm ciing da dugc cac
tac gid trong nudc va trén thé gidi nghién ctiu bang
cac phuong phap khac nhau. Trong thé ky 21, mot
s6 cong trinh nghién ctiu vé thiy van nudc dudi dat
da dugc cong bé nhu Husam Baalousha (2011) [2],
Karatzas (2017) [6], Sikdar (2019) [15], Rihava cong
su (2020) [14], Karamouz va cong su (2020) [5], Ke
va cong su (2021) [8]... Phuong phap phan ti hiu
han tuy rat phtc tap va kho hiéu nhung c¢6 d6 chinh
xac cao, ludi mém déo c6 thé phit mién bién bét ky.
Uu diém ndi bat ctia phuong phép phin ti hiiu han
cho bai toan c¢é nhiéu loai vat liéu khac nhau va cho
cac diéu kién bién bat ky. Khi ap dung cho bai toan
chat long, thuong st dung phuong phap phan ti
hiiu han Galerkin [1] [3] [4] [7] [9-13].

Bai bao xac dinh trii lugng, su thay déi muc
nudc ngdm cling nhu van toc thim trong qua trinh
khai thac nuéc ngam tai Thanh ph6é Kon Tum; cac
tac gia thiét lap chuong trinh tinh toan theo phuong
phap phén td hiu han Galerkin d€ giai phuong

Abstract: In this paper, to determine the storage capacity,
groundwater level variations, and seepage velocity during
groundwater exploitation in Kon Tum City; the authors rely
on collected data and develop a computational program
based on the Galerkin finite element method to solve the
differential equation for two-dimensional unsteady seepage
flow. This serves as the basis for predicting changes in
groundwater levels and seepage velocity in the soil under
different groundwater exploitation scenarios.

Keywords: The Galerkin finite element method, two-
dimensional horizontal seepage flow, groundwater
exploitation.

trinh thdm khong 6n dinh; du béo su thay d6i muc
nudc ngam va van téc tham khi c6 cac phuong an
khai thac nguon nudc trong khu vic nghién ctu.

2. Ly thuyét tinh toan

Dong tham trong dat dugc tinh toan dua theo
phuong trinh thidm, dugc thiét 1ap dua vao dinh
luat Darcy va phuong trinh lién tuc vé dong tham.
Trong nhiing diéu kién c6 phan bo dia chat theo
chiéu sau it thay déi, ta c6 thé ap dung phuong
trinh th4m hai chiéu ngang (2DH) dé tinh toan.

2.1. Phuong trinh dong tham hai chiéu ngang khong

on dinh:

Phuong trinh dong thim khong 6n dinh hai
chiéu ngang dugc viét nhu sau:

0(v oh) 8, oh), _ooh

Trong d6 S : lugng trii riéng ctia ting tham nudc;
t: thoi gian tinh (sec); h: Cot nudc thim tinh toan
(m); K, K: Hé s6 tham theo cac phuong x, y; q: luu
lugng tai di€ém nguodn, q cé gia tri (-) néu luu lugng
14y ra khoi mién va ngugc lai.

2.2. Rai rac theo khdng gian
Theo khong gian ap dung phuong phap phan ti
httu han Galerkin; ham néi suy dugc chon cé dang sau:

~(e) n

h =Y Nbh, (2)
i=1
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h®: gia tri gdn dung ctia cot nudc thuy luc trong
phan tti e; N:ham dang tai nut i trong phan tt e; n:
sO nut ctia phan ti e; h.: gid tri chua biét cta cot dp
thuy luc tai nut i ctia phéan tu e.

Ap dung phuong phép phan tt hitu han Galerkin
thiét 1ap & dang yéu, st dung tich phan tling phan
cho dao ham bac 2 va gia st tai m6i phén ti e cac
gia tri ctia hé s6 tham theo cac phuong x, y la khong
thay doi, ta co:

i &R
K +K +

} 6 2 2

R = —” N© o . 24 xdy=0 (3)
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(e) ()ahA(e) (4)
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1, m: cosin chi phuong ctia vecto phap tuyén
huéng ra ngoai tai bién; K, K ﬁe) : hé s6 tham
tuong ting theo cac phuongx, y ctia phan tu e; A(e):
dién tich ctia phan tu. Theo cac két qua trén, chung
ta dit tong dai s6 ctia hai s6 hang dau cta (4) la:
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C6 thé viét lai dudi dang ma tran nhu sau:
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[C]: ma tr4n phén ti dung lugng, véi:

(e)
N

- g

PN
N©
Trong bai bao nay, chiung t6i dung cong thtic
phén ti gdp dé tinh [C]. D&i v6i phén ti tam gidc
c6 ba dinh 1a nut i, j, k ta ¢ két qua sau:

1. .
NON® ={3 F = ©)
0 khii#j
100
(e) g(e)
Ta cé: [C@)}:SSTA 010 (10)

001

2.3. Rai rac theo thoi gian bang sai phan trong so
Daéi véi toan mién tinh todn, ta ¢ ma trdn dung
lugng tdng thé véi p nat, m phan tu:

[€]=3[c] (a1

Tap hop cac phuong trinh viét cho tat ca cac
phan ti ctia toan mién tinh todn ta dugc:

Oh,
ot h]
(€14 (+[KTy (=[Fl+16] (12)
oh, h,
o

Chung ta dinh nghia hai vecto {h*} va {h}
nhu sau:

- hy
o
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o

Phuong trinh (12) c6 thé viét lai:
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(el J+[&]n]=[F]+[6] (14)
Ap dung sai phan theo thoi gian:
Oh _ h(t+AD—h(t)

ot~ At (15)
- _Oh _

he)zh(t)+(e-1) Eri h(t)+ 16)
A\ h(t+ A —h(t)

+(e t)—At

.. _(e-1)

bit: o= AT (17)

Vay: h(e)=(1-w)h(t)+ oh(t + At) (18)

M6 rong cho vector h, F, G:

==, +oli,, 09

{F} = (l_a)){F}t + w{F}HAt (20)

{G}:(l_a)){G}t-'-w{G}HAt (21)

Thay cac cong thtic trén vao phuong trinh (14)
ta co:

([C]+ondKT){h},., -
~([€]--@a[K]){n} +

(22)
Al((1-){F}, +oF}

t+At ) +

+At((1-0){G}, +{G)

t+At )

Gid tri ctia {h} tai thoi diém ban dau t=t la: =
gia tri cho trudc. Dling phuong trinh (22), sau khi
ghép ndi cac phan ti va gan diéu kién bién, giai tim
gia tri cta {h} tai thoi diém cu6i ctia bude thoi gian
thi nhét {h} +At. Tiép dén dét: {h}t = {h} . Qua
trinh nay dugc lap cho cac budc tiép theo. Trong bai
bao nay, chung tdi chon cach giai Cholesky vi don
gian, hiéu qua tinh todn cao, tiét kiém bo nhé va do
6n dinh s0 tot.

D¢ giai bai toan thdm, chuong trinh dugc viét
theo so d6 khoi nhu Hinh 1.

3. Ap dung tinh toan cho khu vuc Thanh phé Kon Tum

3.1. Gi6i thiéu khu vuc

Thanh phé Kon Tum nam & khu vuc Bac Tay
nguyén, hién tai nguén nudc cung cép cho thanh
pho chu yéu la nudc mat lay tii song Dak Bla. Su
phét trién do thi trong nhiing nam gin day dan dén
nhu cau vé nudc tang rat nhanh. D6i véi Thanh pho
Kon Tum trong chién lugc phat trién lau dai, nguoén
nudc ngdm van la ngudén nudc t6t nhéat cho sinh
hoat va cac hoat dong khac.

3.2. Mién tinh toan

Trén co s& ban do dia chat thuy van khu vuc

Thanh phd Kon Tum, tién hanh khoanh vung tinh
toan. Dung mo hinh GMS d¢€ chia luéi ty dong hai
chiéu ngang (2D). Mién tinh toan va hé truc toa do
thé€ hién trong hinh 2. Hé s6 thdm cta tdng chiia
nude khu vyc tinh todn: K =K = 2.67m/ng. H¢ s6
tri nude S = 0.185
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Hinh 1. S¢ dd gidi bai toan tham theo phuong phép phan t{ hitu han

3.3. Diéu kién bién va diéu kién ban dau

+ Diéu kién ban dau: Tai thoi diém t = 0 ta lay
cao trinh muc nudc ngdm trung binh trén toan
mién H = 515(m)

+ Diéu kién bién muc nudc: Dya vao muc
nudc tinh trong céc 16 khoan ta tinh toan va ndéi
suy dugc cao trinh muc nuéc ngam (so v6i mat
nudc bién) doc theo bién ctia mién tinh todn, gia
tri cho 6 Bang 1.

+ Trén cic bién con lai dong chdy vao béng
khong (Q = 0).

+ Trong khu vuc c6 04 16 khoan bom thi nghiém
v6i luu lugng bom nhu sau :

- L6 khoan Tinh d¢i: Q = 259,2m*/ngd, nut ludi
s6: 500, toa do (16053.0, 13222.0)

- L6 khoan 160: Q = 363,6m*/ngd, nut ludi so:
375, toa do (12207.0, 11433.0)

- L6 khoan Tb4: Q = 527,9 m*/ngd, nut ludi so:
515, toa do (13924.0, 10199.0)
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Bang 1. Diéu kién bién cot nudc tai cac nut

—_

531 5145 10 522 51345 18 183 5262
399 5145 11 488 51345 19 141 5262
42 5145 12 441 51345 20 105 5262
489 5145 13 398 51345 21 74 5262
523 5145 14 350 51345 22 7 515
536 5145 15 304 51345 23 6 515
5
4

538 5145 16 261 51345 24 515
540 5145 17 223 51345 25 515
535 51345
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Hinh 2. Mién tinh toan va ludi phan ti hitu han

- L6 khoan 154: Q = 394,6 m*/ngd, nut ludi s6:
217, toa do (13334.0, 5727.0)

+ Thdi gian tinh toan T = 100 ngay

+ Budc thoi gian tinh toan dt = 1 ngay

3.4. Két qua tinh toan

Tu chuong trinh da thiét lap, ching toi tién
hanh nhap di liéu dau vao ting véi cac diéu kién
bién va diéu kién ban dau da cho. Tu két qua tinh
toén vé dugc céc biéu dé dudng ding muc nude va
déng van t6c thim thé hién & hinh vé tit Hinh 3 + 5.

Duia trén do thi vé dugc tii két qua tinh toan, ta
théy cang gan cac 16 khoan muyc nuéc ngdm cang ha
thap, vi du nhu 16 khoan TP4 ting véi thoi gian tinh
toan 100 ngay thi ban kinh anh hudng R = 135m,
do6 ha thdp muc nuéc S = 17m

Céc s06 liéu tinh toan du bao & day rat can thiét
délam co s¢ dat mdy bom, cho phép tinh toan dugc
su lun sut ctia nén dat, kha nang x6i ngadm khi bom
huat nuée. Muc nuée ngam ha thap con anh hudng
dén sy khai thac nuéc ngdm ctia cac cong trinh lan
can da co ciing nhu su sinh trudng va phat trién ctia
cay trong.

3.5 Nhan xét:

Tu két qua tinh theo md hinh todn, c¢6 dugc
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Hinh 3. Dudng dang muc nudc ngdm (dudng to mau) ting vdi luu
Iugng bom thi nghiém trong mién tinh toan; Thi gian tinh toan T=
100 ngay

Histogram

Hinh 4. Biéu d6 théng ké tan s6 xudt hién ciia muc nuéc ngam tai cac
niit cia mién tinh toén ting véi luu lugng bom thi nghiém; Thi gian
tinh toan T=100 ngay
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Hinh 5. Bi€u d6 thdng ké van tdc tham (ing vi luu lugng bom thi
nghiém trong mién tinh todn; Thi gian tinh toan T = 100 ngay

nhiing thong s6 co ban nhu sau:

Véi luu lugng bom thi nghiém: Muc nudc ngam
tai cac 16 khoan dao dong ti H . =498m dén H__
=515.02m , van t6c thim vV = 0,383m/ngd.

V6i luu lugng bom khai thac: Muc nudc ngdm
dao dong ti H = 478m dén H__ = 511.5m, van
tocthim V_ = 0,842m/ngd.

Tu két qua trén, du bao dugc su thay d6i muc
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Bang 2. K&t qua tinh muc nuéc ngam, bom thi nghiém; T =100 ngay

1 515.01 10 51500 19 515.01
2 5149 1N 51500 20 515.00
3 51500 12 515.01 2 514.99
4 51500 13 51500 22 515.00
5 51500 14 515.01 23 51497
6 51500 15 51499 24 51497
7 51500 16 51500 25 515.01
8 515.01 17 515.01 26 514.99
9 51502 18 51500 27 515.00

Bang 3. Két qua tinh van téc tham, bom thi nghiém; T =100 ngay

1 3,022802E-05 3,392556E-05
2 1,353887E-05 -3,527735E-05
3 -3,621150E-05 2,006782E-05
4 -3,738575E-05 -1,109500E-05
5 -1,496355E-05 -2,834534E-05
6 1,521197E-06 2,363854E-06
7 -2,556552E-05 2,968310E-05
8 -3,472695E-05 -1,854174E-05
9 5,069930E-06 -4,243903E-06
10 3,584907E-06 -1,719370E-05
n 1,625387E-05 -1,034718E-05
12 1,459062E-05 5,107036E-06
13 9,169104E-06 -9,284460E-07
14 5443236E-06 1,920697E-05
15 1,247229E-04 -2,781567E-05
16 8,948876E-05 1,012726E-04
17 8,108471E-05 1,035053E-04
18 9,809159E-05 7,002069E-05

nuéc ngdm trong khu vic thanh pho, lam co sé
thiét ké cho cac cong trinh khai thac nuéc ngam
dugc hop ly.

4.Két luan

Nghién ctiu nay da xay dung dugc thuat toan
va chuong trinh gidi phuong trinh dong thdm 2
chiéu ngang. Theo chiéu khong gian, phuong trinh
dugc r6i rac bang phuong phap phén ti htiu han
Galerkin; theo chiéu thdoi gian bing sai phan trong
s0; ludi tinh toan dugc chia theo phan ti tam giac.

Tu két qua tinh toan vé trii lugng khai thac cho
khu viyc Thanh ph6 Kon Tum; tri lugng khai thac
cho cac cong trinh va cot ap, van toc thadm khi c6
cac 16 khoan khai théc du kién khac nhau trong

khu vuc, nghién ctu di dén két ludn: V6i nhu cau
nudc phuc vu cho sinh hoat va cac muc dich khac
tai Thanh phé Kon Tum trong tuong lai c6 thé lén
dén 20.000m3/ng; cho thay trii lugng khai thac khu
viic tinh toan da dam bao cung cap, nhung can phai
¢6 nhiing giai phap khai thac hgp ly dé bao dam
dugc tinh bén viing lau dai cia nguén nudc ngam.

Su dao dong ctia muc nudc ngdm cong véi van
toc tham kha 16n c6 thé gay ra hién tugng sut lan va
x6i ngdm, anh hudng dén chat lugng khai thac va
sti dung ctia cac cong trinh xay dung trong khu vuc.
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