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NGHIEN CUU BO CAP NHAN TAO NUGC DUGI BAT
BANG PHUGONG PHAP MO PHONG GIENG BOM EP

Lé Phuéc Hao, Nguyén Qudc Phong, P6 Quang Khanh
Khoa Pia chit va Dau khi, Trudng Pai hoc Bach Khoa - PHQG-HCM
: (Bai nhdn ngay 04 thdang 08 nam 2003)

TOM TAT: Bé cdp nhan tao la mt gidi phdp hitu hiéu nhém ndng cao khd ndng khai
thdc ciia tdng chita va bdo vé ngudn tai nguyén nudc dudi ddt. Phuong phdp nay da
duoc dp dung thanh céng & nhiéu quéc gia nhi Pan Mach, Ha Lan, Thuy Dién, Phdp,
Putc, My, Canada... Bai bdo trinh bay nhiing két qud so b nghién citu md phdng bai
todn bd cdp nhdn tao nudc dudi dat thong qua cdc giéng bom ép, so sdnh két qud vdi
phén mém thuong mai Visual Modflow va cho thdy trién vong md rong nghién ciu cho
nhitng tdng chita nudc phiic tap hon.

I. GIGI THIEU

Nudc 13 ngudn tai nguyén thién nhién qui gid nhat clia con ngudi vi khdng ¢6 nudc s&
khong c6 su sdng. Tuy nhién, lugng nudc sit dung dudc cho ddi sdng clia con ngudi thi ¢é
gidi han va chi chi€m mot tf 1& rat nhd khodng 2,8% (trong dé nudc dudi dat chi€m 0,6% va
nudc trong bing tuy&t chi€ém 2,15%) trong tdng s Iugng nudc cé trén Trdi DAt.

Hién nay, ngudn tai nguyén nudc dang bi khai thic mdt cdch bira bai va sit dung mot
cdch rat ling phi, ddng thdi chua c6 cdc bién phdp bdo vé tai nguyén hgp li nén dd giy ra
nhitng hdu qué hét sitc nghiém trong khé hoic khéng thé khic phuc duge trong tuong lai
nhu: 12m & nhi&m ngudn nudc mit, ngudn nude ngdm dang bi khai thic vugt qué gidi han an
toan cho phép clia ting chia.

Ciing véi st phét trién kinh t&-x4 hoi va sy biing n6 cla dan s6 thé gidi, nhu cau vé
nudc ngdy cang ting cao, theo s& liéu thdng k& hién c6 hon hai ti ngudi dang thi€u nudc
sach. Chinh vi vdy, viéc nghién citu cdc gidi phdp ki thuat nhim khai thdc va bdo v& ngudn
tai nguyén nudc 1a mot trong nhitng van dé mang tinh bic thi€t ¢ nhiéu qudc gia.

B3 cap nhédn tao 12 mdt gidi phdp hitu hiéu nhim dy trif nudc cung cdp cho mida khd,
khoi phuc lai tAng chifa, ning cao khd ning khai thdc ciia ting chifa va bdo vé& ngudn tai
nguyén nudc dudi dat tranh khoi viéc khai thic mot cdch qud mic. Phuong phdp nay di dugce
dp dung thanh c6ng & nhidu qudc gia nhw Pan Mach, Ha Lan, Thuy Dién, Phép, Piic, M¥,
Canada... Phuong phép bd cdp gidn ti€p (thdng qua hé thdng sdng hd), bdn thim hay gi€ng
bdm ép thudng dudc st dung hon ca.

IL CO SG LY THUYET
2.1- Dong chay trong méi trudng rdng

Phudng trinh chuyén déng clia luu chit don pha trong ting chia nudc dudi dit dudc

biéu di&n nhu sau:

vEvh-5. B0 (1)
at

trong do:
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h - Coétép cla ting chifa nudce K- Do din thiy lyc
S - Hé sd ting chita t - Thdi gian
X,y - Toa d%

Phuong trinh (1) 12 phuong trinh vi phin theo khong gian va thdi gian nén né dudc gidi
véi cdc didu kién bién va diéu kién ban dau nhu sau:
Piéu kién bién cda bai todn:

- Trén bién Si: h=f
g oh

- Trén bién S,: T—=0ql
on

Piéu kién ban diu ciia bai todn tai thdi diém t=0: h(x, y, z, t =0) =hp

L&i gidi gidi tich cia phuong trinh vi phan (1) chi nhan dugc khi cdc diéu kién ban
diu va diéu kién bién hét sitc don gidn. P8i vdi cdc trudng hgp khéc, né thudng duge gidi
bing céc phudng phédp s6 vdi sy hd trg cia mdy tinh.
2.2- M6 phéng bai todn nudc dudi ddt biing phuong phap phin ti¥ hitu han

a- Dong chdy hai chiéu, tdng chita cé dp

Thong thudng, do dong chdy theo phuong thing ding khong quan trong nén 1ay tich

phén theo phudng nay thu dudc:
oh

V.T.Vh—q—SEt—=O ()
trong d6: T(x,y) =K(x,y).b(x,y) S(x,y) =S, (x,y).b(x,y)
b — Chiéu day ting chifa; q — Luu lugng theo phudng thing ding

Ap dung phuong phdp phin ti hitu han, rdi rac mién khdo st bai todn thinh m mién
con lién k&t vi nhau tai cdc di€m niit. Phudng trinh tinh todn 4p suat tai cdc ¢iém nit duge
viét nhu sau:

ANOEOTEAS oo

trong do: Aj = J- VN,.T.VN,dR : Matrind0 ciingciia phan ti
ISN N,dR: Matrdn kh&i lugng phan ti

j n.(T.Vh)N,dS— jN qdR: Vectdtdiphdntd

[A]= Z[A"] : Matrind6 cingciiahé

e=1

[B]= i[B"] : Matrin khdilugngciahé
e=1 -

(£1=3[<]: Vecto téi ciia he
e=1

Trong trudng hgp dong chdy 8n dinh, phudng trinh tinh todn 4p sudt tai cdc di€m niit trd
thanh:

[Alh=f (3b)

Ap dung phudng phdp sai phan rdi rac bi€n thdi gian thanh n khodng, gid tri dp sudt tai
cdc diém niit theo thdi gian dugc xdc dinh theo phudng trinh sau: ]
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) (RN L) O R (R T B

trong d6 h* 13 4p sudt tai thoi diém k.Atva 0<9 <1.

[Al, IB1, {f} -
v

0, to, tr, (h}°
y

trs =t +AL o
v

_Hi_ k+1_ l k k+1 k
(6[A)+ — [BD{h}*'=((6-1)[A] + — [BD(h}* + B{f}*" + (1-6){f}
At At

L Yec
th! < tf

T

Hinh 1- So dé gidi thudt cho truong hgp dong chdy hai chiéu, tang chita cé dp
b- Dong chdy hai chiéu, tdng chita khong dp
Phuong trinh vi phén dong chdy nim ngang trong tdng chia khong 4p, hai chiéu duge
vi€t nhu sau:

a(.oh) o(.oh oh
ax[Téx) E(TEJH_(SSIHSY)& (5)

trong d6 b 12 chiéu day ciia tAng chita bdo hoa va cdc diéu kién bién ctia bai todn nhu sau:
Trén bién Sy: h=f

oh
Trén bién Sp: T—=q.l
L, q
va diéu kién ban diu ctia bai todn:h =h,.
Ap dung phuong phap phén ti hitu han dé r¥i rac cdc bi€n theo khong gian va 4p dung

phuong phap sai phan 1ui rdi rac bi€n thdi gian, tit phucng trinh (5) cht dp tai cdc nit 1udi
theo thdi gian c6 thé dudc tinh biang céch gidi hé phwong trinh sau:

(1414 LB = lmn)* (6" ©

trong d6:[A] = i[A] 3 Matrdndo ciingctiahé
e=1
[B]= i[B]: | Ma tran khdilugng clia hé
e=l
[f]=i[f°]: Vectd tai cia hé
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= IVN KbVNGR: Ma trdn d6 cing cliaphan tl
= j’ (S, +S,)N;NdR : Ma trfin khdi lugng phn tit

jn (T.Vh)N,dS ~ j'N qdR : Vectd tai phén tit

l M&i budc thdsi gian ]

[Al, [BI, {f}

v ' »| Tinh todn lai: [A], [B], {f},
0, to, tg, (h}° ‘ [AA],[CC] theo hbd
Y '
t“”=t“1m " hnew = AA\CC
€ = ||hnew-hbd||
Gidi ldp theo tng suit
x Y
G <t es hhd = . No € < g
lYes

Chuyén sang budc théi gian k& tiép

Hinh 2- So dd gidi thudt cho truomg hop dong chdy hai chiéu, tdng chita khéng dp
Tuy nhién trong trudng hgp nay, b phu thudc vao h nén bai todn trd thanh phi tuyé&n. Vi

viy, d€ gidi bai todn ta phdi ding phép 1ap (hinh 2). Ung véi mdi budc thdi gian ta tién hanh
giai nhu sau:

(114 B1) (0 - T, o

1L KET QUA NGHIEN CUU MO PHONG
3.1- Bai todn 4p dung '
Bai todn md phdng sy thay ddi dp suat & ch€ d6 dn dinh trong mot via c6 dp hinh chif
- nhat véi luu lugng khai thac 500 m’/ngay. Udc lugng luu lugng khai théc 16n nhat cla giéng
v4i gid thi€t do sut 4p suat tai cdc vi tri trong via khong 16n hon 3m véi cdc dic diém sau
day:
T = 100 m*ngay, hy=100 m, hg=98 m, L, = 2500 m, Ly=1500 m
ah!x 0) _0 ah!x Lx) _0
10) Ox
Bai todn dugc khdo sdt cho 3 trutng hgp sau day:
- Gi€ng khai thdc niim & tim viing khao sat
- Gi€ng khai thdc nim léch tAim
- Gi€ng khai thdc niim tai tim va c6 giéng bom ép
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3.2- K&t qua nghién ciu 14444
Via khio sat dugc mé hinh héa bdi Wi phan t& ] (
tam gidc gdm 15 hing 25 cdt (hinh 3). v o o
K&t qua gidi bai todn tuong dng bing phin mém {44 Vi, VYA ViV ViV
thuong mai Visual Modflow (céc hinh a) va phdn mém } 4
méd phdng sit dung phudng phdp phén ti hitu han dudgc 4 A
vi€t bing ngdn ngilt 14p trinh Matlab (cdc hinh b) dugc 50
sdanh.
a- Truong hop 1: Giéng dit tai vi tri tim viing khdo sat
M6 phéng luu lugng khai thic 500 m’/ngdy va udc lugng luu lugng cao nhat 1a 830
malngév.

|——10a.

A4
A4

REANAN

Hinh-3: So 6 ludi phdn tit

Hinh 4- Puong ddng dp ciia khu vuc khdo sdt trong trudng hgp giéng ndm & trung tam
vdi luu lugng khai thdc 500 m’/ngay.

Hinh 5- Pudng ddng dp ciia khu viec khdo sdt trong trudng hgp giéng ndm & trung tdm
vdi luu lugng khai thdc 830 m’/ngay.
b-Truong hop 2: Gi€ng dit 1&ch tAm cla viing khdo sdt
Mo phdng luu lugng khai thac 500 m’/ngdy va udc lugng luu lugng cao nhét 1a 1000
m’/ngay. '

—1c00.0

|—sa.8

(a) . (b)

Hinh 6- Puong ddng dp ciia khu viec khdo sdt trong trudng hgp giéng ndm léch tdm
vdi luu lugng khai thdc 500 m’/ngay.
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(b)

Hinh 7- Puong ddng dp ciia khu viee khido sdt trong tnmng hop giéng ndm léch tdm
tuong ving vdi luu lugng 1000 m’/ngay.

c-Trudong hop 3: Gi€ng khai thic nim & tdm cia vung khdo sdt c6 bé cip bing 4 gi€ng bom
ép 100 m*/gi&ng/ngay.
M6 phdng lvu Iugng khai thdc 500 m /ngﬁy va udc lugng luu lugng cao nhit 13 1100
2
m /ngay.

98,9 %} @
A @ ' (b)

Lse.s - I

"Hinh 8- Duong ddng dp cia khu vuc khdo sdt trong truong hop giéng ndm & trung tém, *
lwu lugng 500 m3/ngc‘zy.

Hinh 9: Pudng ddng dp ciia khu vic khdo sdt trong truong hop giéng ndm & trung tdm tuong
ung vdi luu lugng 1100 m?/ngc‘zy c6 bé cdp bdng 4 giéng bom ép 100 m3/gié‘?1g/ngdy
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Hinh 10- Mo phng dp sudt huc khdo ég_rung am tuong ‘ —
vdi luu lutgng 500 m’/ngay va 830 m’/ngay. Sl

i

Hinh 11- M6 phong dp sudt khu vitc khdo sdt giéng léch tam tuong ing
__v0i luu lutgng 500 m’/ngay va 1000 m’/ngdy.

Hinh 12: Mé phdng dp sudt khu vuc khdo sdt giéng trung tdm tuong ving vdi luu lugng

500 m’/ngay vall00 m’/ngay cé bd cdp bing 4 giéng bom ép 100 m’/giéng/ngay .

Tit nhitng k&t qué trinh bay & trén ta thdy:

- Vi tri gi€ng khai thdc va bom ép 4nh hudng dén do ha thap muc nudc trong via.

- Sai s6 tinh todn giita hai phdn mém trong t4t ci cdc trudng hgp nghién ciu déu nhé
hon 0.03%. - :
IV. KET LUAN VA KIEN NGHI Fiai

Nudc ngot 12 ngudn tai nguyén thién nhién qui gid nhat. Vi vay, viéc qui hoach st dung
hdp li ngudn tai nguyén nay nhim phét trién bén viing kinh t€-xa hdi 1a mot trong nhitng van
d& mang tinh, chién lugc clia qudc gia. Bai bdo chi trinh bay k&t qud md phdng sit thay doi
clia 4p suft trong qud trinh khai thdc va b8 cdp nudc dudi dat trong ting chita c6 d9 dan thuy
lvc ding hudng, bai todn hai chiéu. K&t qud nghién cifu trong ciing mdt khu vifc cho thay:

- N&u giéng khai thic dugc bd tri gin cdc vi tri cung cdp nude s& cho lwu lwgng khai
thic cao hon véi ciing do ha thdp muc nudc tai gi€ng hodc d ha thdp myc nudc s& nhd hon
né&u cling khai thdc v6i mot luu lugng nhu nhau. ‘
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- Cung mot vi tri khai thdc, n€u ting chita dugc bd cdp biing cdc giéng bom ép thi luu
lugng khai thdc cla gi€ng s& dudc gia ting va d6 ha thdp muc nudc s& gidm ddng k€.

- Tinh tuong ddng k&t qué so véi phan mém thudng mai Visual Modflow cho thiy trién
vong phét tri€n bai todn cho nhitng tdng chita da tdng c6 ciu tao phifc tap khéc.

Hién nay, tai TP. HCM, tinh hinh khai thdc nu6c ngidm c6 cédc dic diém sau:

Luu lugng khai thdc dd vugt qui gidi han an toan cho phép & mot s ting chita 1am cho
d6 ha thdp muc nudc ngdm khéng ngitng gia ting.

Nguy cd nhi€ém bin ting chita do d6 ha thdp muc nu6c va do cdc chdt thii gy nén
ngay cang ting.

S dich chuyén cla bién min ngot ngdy cang tién sdu vao trong dét lién kém theo nguy
co ngdp min cdc gi€ng khai théc.

Vi vdy, nhdm ddm bdo cho viéc sif dung an toan ngudn tai nguyén nay nén ti€n hanh
nghién cifu 4p dung thi diém phuong phdp b8 cip nhén tao d& gia ting lugng nudc ngdm c6
 thé khai thdc dugc cling nhu 1am gidm d6 ha th&p muc nudc ngdm. Duya trén cdc két quz md
phdng thu dudc, rit ra cdc k&t luin ban ddu vé qué trinh bd cép, ti€n hanh thim dinh lai md
hinh khai thdc - b8 cdp va 4p dung thyc t& trén dién rong.

SIMULATION OF ARTIFICIAL GROUNDWATER RECHARGE
BY INJECTION WELLS

- Le Phuoc Hao, Nguyen Quoc Phong, Do Quang Khanh
Faculty of Geology & Petroleum, University of Technology — VNU-HCM

ABSTRACT: Artificial recharge is an effective solution to enhance exploitation ability of
aquifers and safeguard groundwater resources. This method was applied successfully in many
countries as Denmark, German, Sweden, France, Canada, America.. This paper presents
preliminary research results of groundwater artificial recharge by injection wells, compares
the results with the commercial Visual Modflow software and shows the prospect to extend the
research program for more complex aquifers.
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