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MOQT SO GIAI PHAP TRONG KHAI THAC NUGC NGAM
BANG BAI GIENG NHAM GIAM THIEU HA THAP MAT PAT

SOME SOLUTIONS IN GROUNDWATER EXPLOITATION BY GOOD YARDS
FOR REDUCTION LOWERING THE GROUND

Nguyén Xuin Man, Nguyén Duyén Phong

ABSTRACT:

Groundwater exploitation leads to a lowering of the groundwater level in a non-pressurized aquifer or a
decrease in pressure in a pressurized aquifer. If there is no effective and appropriate remedy, it will inevitably
lead to the breakdown of the stratigraphic balance; As a result, the strata subsided. The subsidence process
spreads to the ground causing the ground to collapse. Stratigraphic subsidence and ground subsidence cause
damage to underground structures and aboveground structures (underground tunnels, roads, houses and civil
works, and public buildings terrestrial industry).

This report presents two solutions to minimize ground subsidence caused by groundwater extraction in the
Mekong Delta and Ho Chi Minh City:

The first solution: Build well yards to exploit groundwater near the area with replenishing water sources.
The second solution: Optimizing the exploitation water flow of the wells in the mining well yard.

KEYWORDS: Lowering the ground, groundwater extraction, lower pressure, wells yards, exploitation water flow.

TOM TAT:

Khai thac nudc dudi dat dan dén ha thdp muc nudc ngdm trong tdng nudc khong ap hodc lam giam ap luc
trong tdng nudc c6 ap. Néu khong co giai phap khac phuc hiéu qua va pht hgp thi tat yéu sé dan dén phd vo can
bang dia tdng; hau qua la dia tAng va mat d4t bi sup lun. Sup lun dia tdng va sut lun mat dat gay t6n hai cho cac
cong trinh xay dung (cong trinh ngam va trén mat dat).

Hién nay c6 hai giai phap dé giam thiéu lun mat dat do khai thdc nudc ngam: Xay dung bai giéng khai thac
nudc ngdm & gan khu viic ¢6 ngudn nudce bd cép; T6i uu hoa luu lugng nude khai thac ctia cac giéng trong bai
giéng khai thac.

Bdo cdo nay trinh bay giai phép t6i uu hoa luu lugng nudc khai thac ctia cac giéng trong bai giéng khai thac
nhdm giam thiéu ha thp mat dat 6 khu vuc TP. H6 Chi Minh. Phuong phap nghién ctiu dugc st dung la giai
bai toan quy hoach tuyén tinh d€ tim 10i giai t6i uu luu lugng nudc khai thac trong tling giéng trong bai giéng
khai théc.

TU KHOA: Khai thdc nudc ngam, sup lin, bdi giéng, ha dp luc, ha thap mdt dat.

Nguyén Xuin Man

Hoc ham, hoc vi: PGS.TS.

Khoa Xay dung, Truong Dai hoc Mo - Dia chat

Tel: 0903 010 864

Email: mannxdoky@gmail.com
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Nguyén Duyén Phong

Hoc ham, hoc vi: TS.

Khoa Xay dung, Truong Dai hoc Mo - Dia chat
Tel: 0967 318 556

Email: nguyenduyenphong@humg.edu.vn

1. PAT VAN PE

Dé€ xay dung ciac cong trinh khai thac nudc
ngam vai viéc b cip nudc ti cadc nguodn khac cn
phai c6 cac diéu kién sau: c6 cac nguodn nuéc tu
nhién hodc nhan tao bén canh (s6ng, ho), c6 cau
tric dia chét thiy van va quan hé thay luc gita
nudc mat va nudc dudi dat thuan lgi. Ton tai cac
kiéu bé cap va quan hé thuy luc gitia nudc mit va
nudc dudi dat nhu sau:

Kiéu I: Thuong xay ra trong déi du dm doc
theo cac song 16n. Trong diéu kién tu nhién phan
16n thoi gian trong ndm song, ho dugc nudc dudi
dat cung cap, dong chay ngdm hudng tu bo ra
phia séng ho. Chi trong mua li hoac cac thoi ky
1t nudc dudi dit méi tam thoi duge nude song
hoé cung cdp. Su cung cap nay chi xdy ra & d6i ven
bg, lam cho dong chay ngdm c6 phuong tu phia
song ho vé déi ven bo. Chiéu rong cua déi nay
phu thudc vao: d¢ 16n ctia sdng; bién do dao dong
muc nudc song; tinh thadm cua dat da chia nudc.
Khi ¢ cong trinh khai thac ven bd v6i muc nuée
ha thip duéi muc nudc song ho thi nudec song
cung cap cho cong trinh khai thac.

Kiéu 2: Phé bién & céc vung thiéu 4m hodc cic
vung c6 cdu truc ddc biét thuan lgi d€ cho nudce
mdt quanh nam cung cdp cho nudc duéi dat. Vao
thoi ky 1a gia tri cung cip tang 1én. Khi c6 cong
trinh khai thac ven bo thi su cung cip cang tang.

Kiéu 3: Dic truong cho trudng hgp dao dong
muc nudc song khong 16n. Do d¢ nghiéng thuy
luc ctia nuéc dudi dat & déi ven song l6n nén
khong c6 su cung cap cta song. Trong thoi ky 1a,
qua trinh thoéat cia nuéc duédi dat khong nhiing
khong bi diing lai ma con tang 1én do su gia tang
lugng cung cap. Cac cong trinh khai thic ven bo
khong ha thap dugc muc nudc dudi dat xuong
duéi myc nudc mat, do dé khong nhén dugc su
cung cap tu phia séng.
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Kiéu 4: La kiéu quan hé thuy luc gitia nudc mat
va nudc ¢d dp nam sau dugc ngan cach boi 16p
thdm nudc yéu. Trong da s6 truong hop muc ap
luc ctia tang chtia nudc cao hon muc nudc mat
nén nudc dudi dat sé cung cip cho nudc mat bang
cach thdm xuyén ti dudi 1én qua 16p tham yéu.
Néu muc ap luc thap hon muc nudc mat thi sé xay
ra hién tugng nguogc lai. Khi c6 cong trinh khai
thac ven bo, muc nudc dudi dat ha thip xudng
dudéi muc nudc mat thi nudc mat sé cung cap cho
cong trinh khai thac bing cach thim xuyén qua
cac 16p thim yéu nén lugng b6 sung khong 16n.

Nhu vay viéc xay dung cong trinh khai thac
nudc thdm loc ven bo ¢6 hiéu qua nhat 1a ti cac
nguodn nudc mdt cé6 quan hé thuy luc véi nudce
dudi dat kiéu 1 va kiéu 2. D6i véi kiéu quan hé 3
phai dap dap d€ nang cao muc nudc mat. Con doi
v6i ki€u quan hé 4 thi khoan thém cac 16 khoan
dan nudc tu trén xudng. Duéi day trinh bay co s&
ly thuyét dé giai quyét bai toan dt ra.

2. GIAI QUYET VAN DbE

bai lugng thim tu cic ngudén nudc mat
dugc xac dinh bdng cong thic thuy dong luc
(Konopdianxep, E.H. Iaxepva, 1983) nhu sau:

Q=KMBI, (1)

Trong (1): Q - luu lugng tham ti song ho,
m?®/ngay; K - hé s6 tham cta dit da tang chia
nudc va cta ca I6p bun sét lang dong & day song
ho, m/ngay; M - chiéu day tang chtia nudc, m;
B - chiéu dai tudng bo, m; I - dd nghiéng thuy luc,
dugc xac dinh biang cong thiic:

H, —-H,

T @

Trong (2): H1 - d0 cao muc nudc mit, m;
H, - d6 cao muyc nudc dudi dat tai cong trinh khai
thac, m; L - khoang cach tli nguén nudc mat dén
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cong trinh khai thac, m.

Trong mét diéu kién tu nhién cu thé thi cac dai
lugng K, M, B khong thay dd6i, dé ting luu lugng
thadm Q ngudi ta phai lam tang d6 nghiéng thuy
luc I bang 2 cach:

Cdch 1: chuyén cong trinh khai thac cang gin
song ho cang tot, tham chi dat ngay & long song
hoé (Hinh 1).

Hinh 1. Ting d¢ nghiéng thiy liic cia dong tham tu
song hé bang cdch chuyén cong trinh khai thdc
Vvé phia gdn song

Cdch 2: ha thap sau muc nudc dudi dat tai cong
trinh khai thdc, tuy nhién ciing chi c6 thé ha thip
dén gidi han cho phép (Hinh 2).

Ho o

I =1

Hinh 2. Tang dj nghiéng thuy luc cia dong tham ti
song hé bang ha thdp muc nudc dudi ddt
0 cong trinh khai thdc

Cong thuc tong quat d€ tinh tri lugng khai
thac nudc dudi dat c6 dang nhu sau:

—t Qct (3)

Trong (3): Q,, - tri lugng khai thdc tiém néng,
m’/ng; Q_ - tri lugng dong tu nhién, m*/ng; V.
- trit lugng tinh dan hoi, m’ V, - trd lugng tinh
trong luc, m? a - hé s6 xdm pham vao tri lugng
tinh trong luc cho phép (14y bang 30% doi vdi cac
tang chiia nudc khong ap); t - thoi gian khai thac,
thuong dugc han dinh la 27 nam (104 ngay); Q_, -
tri lugng cuon theo, m’/ng.

Céc dai lugng Q, V,,, V, dugc hinh thanh
trong diéu kién tu nhién, con trii lugng cudn
theo (Q_) chi hinh thanh trong qua trinh khai
thac, khi ma do su bom huat, muc nuée dudi dat
bi ha thap sé 16i cuén dong chay tii cac phia vao
tang chdn nudc khai thac (thdm xuyén ti cac khoi
nudc mat xudng, thim nghiéng tli cac tang chia
nuéc ké cén vao...). Trong do lugng thim xuyén
ti cac khoi nudc mat trong mot s6 diéu kién
chiém ti trong rat 16n. D6 la tién dé dé€ xay dung
cac giéng tham kich thich (induced infiltration
wells) ven bo. Theo s6 liéu ctia S& Tai nguyén va
Moéi truong, TP. H6 Chi Minh, 2005 (Tém tat dé
an: Xay dung mang quan trac lin dit do khai thac
nudc ngam vung phia Nam TP. H6 Chi Minh) thi
nudc dudi dat khu vic TP. H6 Chi Minh dugc bg
cap ti ba ngudn chinh: nuéc Kinh Dong, nudc
mua va nudc song Sai Gon. Song Sai Gon, Kinh
Dbong, song Dong Nai, nudc mua,... 1a cac nguon
bé cép cho céc tdng chiia nudc dudi dat Pleistocen,
Pliocen trén. Nudc mua cing la nguén b6 cap
16n cho tang chua nudc Pleistocen va gian ti€p
cho Pliocen trén. Chinh vi vdy, muc nuéc ngam
dao dong l6n theo muc nudc cac dong song,
Kinh Dong va theo hai mua: mua kho va mua
mua. Nudc Kinh Dong cung cap cho nudc duéi
dat tang Pleitocen. Khi nuéc Kinh Dong dang
cao thi muc nudc dudi dat & cac vi tri cach kénh
20 + 100 m déu dang cao. Khi xay dung xong
Kénh Do6i muc nudc dudi dit dang 1én 2 + 2,5m
so v6i chua xdy dung Kénh Do6i. Nudc mua la
ngudn bd trg nudc dudi dit 16n. Khéo sat muc
nudc dudi dat cho thdy, khi cé trdn mua kéo dai
1 + 2 gid thi myc nudc duédi dat 6 Ca Chi tang
lén 0,1 + 0,25 m. V& mua mua muc nudc dudi
dat cao hon mua kho tii 1,5 + 3,0 m. Nué6c song
Sai Gon c6 quan hé thuy luc véi nude dudi dat.
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Khi nuéc song dang cao thi bd cép cho nudc dudi
dat, ngugc lai khi nudc song can thi nuéc dudi
dat lai cung cap cho song.

Theo tinh todn thi lugng nudc b cap cho
nudc dudi dat ting Pleistocen tii cac ngudn bd
cap chinh nhu sau:

+ Tl Kinh Dong la:

Q, = ¢Lb = 0,55 x 285000 x 1,0 = 156750
m’/ngay.

Trong d6 q la luu lugng don vi, m*/ngay
(Theo S& Tai nguyén Moi truong Tp. HCM thi
kinh Déng cung cap cho nudc dudi dat véi gia
tri khoang q = 0,55 m*/ngay); L - chiéu dai phan
kénh chua bi xi mang héa (L =400 - 115 =285 km
= 285000 m; b - bé rong tinh todn, lay b = 1,0 m).

+ Tl song Sai Gon la:

Q.= KLW.(F /M

V6i K - hé s6 tham cua 16p dat d4 day song, K
= 1,0 m/ngay; L - chi€u dai doan séng cung cap
nudéc dudi dat, L = 22500 m; W - chiéu rong trung
binh ctia song, W = 80 m; M - chiéu day 16p tram

song - FAquifer)

tich day song, M = 4,0 m; Fsong - muc nudc trén
song, 14y trung binh theo tram quan tric Binh
Duong 1a 0,15 m; F, . - muc nudc ngam bén
song ldy trung binh nhiéu nam tai tram quan trac
Q002 Binh My la 0,0 m.

Thay s6: Q. = 67500 m*/ngay.

+ Tl niéc mua la: Q = EW, m’/ngay.

F - dién tich hiing mua cta khu vic TP. H6
Chi Minh; W - cudng d6 cung cdp nudc mua
cho tang.

Thay s6 Q_ = 309532 m*/ngay.

bé xuit xay dung bai giéng: Quy hoach vi tri
xay dung cac nha may khai thac nén uu tién vi tri
ven song, kénh, rach va hé chua vi dé 1a nguon
cung cép, b6 trg 16n cho tidng chita nudc khai
thac. Giam luu lugng khai thac nuéc ngdm bang
viéc khai thac, xt Iy ngudn nudc mat. Trong viing
TP. H6 Chi Minh tén tai hai tdng chita nudc 16
héng trong cac tram tich Bé T bo rdi co gid
tri khai thac tét: Tang chiia nudc Pleistocen va
Pliocen (trén, duéi). Hai tdng nay dugc bé cap
nuéc mdt tu kénh Do6i, song Sai Gon, sdng
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bong Nai, hé thong song, rach khac va nuéc
mua theo mua mua.

Két qua quan trac dong thai nudc dat ciing xac
dinh dugc dong thai thuy van, tic la ving dong
thai nudc duéi dat bi chi phoi béi ché do thuy van
cua séng Sai Gon, Kénh Do6i va mua mua, mua
kho. Trén co s& nghién ctiu cac luén cti khoa hoc
va dac diém dia chét thiy vin TP. H6 Chi Minh,
dé xudt xay dung bai giéng khai thac nudc thim
loc doc theo dai ven bo song Sai Gon, song Dong
Nai, cac séng khac va cac kinh trong khu vuc
thanh pho, nhat la Kinh Dong. Bai giéng dua ra
cang gan song thi do nghiéng thuy luc cang l6n
vanhan dugc luu lugng tham tli séng cang nhiéu.
Cac két qua tinh toan cho thay véi dién tich nhu
nhau néu dat bai giéng sat mép nudc song thi luu
lugng khai thac sé tang 2,0 + 3,0 lan so véi bai
giéng cach xa mép nudc sdong (khoang cach xa tu
350 + 500 m).

Tém lai, cong trinh khai thac nuéc dat cac
giéng ven bo 1a mot dang khai thac c6 ngudn bé
sung nhan tao can dugc ap dung rong rai trong
thai gian t6i ¢ TP. H6 Chi Minh d€ lam viéc nay
thi viing ven bo cac sdong nén quy hoach thanh
cong vién, khu du lich, giai tri,... va xay dung cac
cong trinh khai thac nuéc duéi dat.

3. THIET LAP BAI TOAN

Nhu chung ta da biét diéu kién dia chét thay
van (DCTV) ctua mét s6 loai mo nudc dudi dat
khong don gian do sy bat dong nhat vé tinh tham,
chtia nudc. So d6 bo tri cac 16 khoan khai thac
trong cac trudng hgp nay thuong khong c6 dang
hinh hoc déc trung (dudng thang, dudng tron,
ludi, v.v...) ma c6 dang phan bo bat ky dang dién
tich. VAn dé dit rala nén khai thac ttt méi 16 khoan
v6i luu lugng bao nhiéu dé tri s6 ha thip muc
nudc van nho hon hodc bang tri s6 ha thdp muc
nudc cho phép ma téng ctia chiing dat gia tri cuc
dai. Bay chinh 1a n6i dung ctia bai toan t6i uu luu
lugng khai thac cac 16 khoan.

Thiét 1ap bai toan t6i vu luu lugng nude cac 16
khoan khi vi tri ctia ching da biét. Nghién ctiu cac
bai toan tdi - uu trong DCTV néi chung va dac biét
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la bai todn t6i - uu hoa luu lugng cac 16 khoan
ctua cong trinh khai thac khi da an dinh vi tri
cua chung da dugc J.K. Gavitch va EM. Botrever
dé cap. Noi dung bai toan la xac dinh luu lugng
céc 16 khoan khai thac nuéc Q, dé€ sao cho tong
luu lugng khai thic Q, trong thoi gian khai thac t
dat cuc dai, khi ma tri s6 ha thdp muc nuéc S]
tai 16 khoan j khong vugt qua tri s6 ha thap muc
nudc cho phép [S]I luu lugng cua cac 16 khoan
c6 thé thay doi tii 0 dén Q__(gia tri Q__ phu
thudc vao hé s6 dan nudc cta tdng chita nudc tai
vi tri ddt 16 khoan, cdu truc cia n6 va déc tinh ky
thudt ctia may bom). D€ don gian hoa, gia thiét
chét lugng nudc dam bao va khong phai dé cap
dén gidi han vé chat lugng nudc (do khoéang hoda,
thanh phan héa hoc, v.v...).

Véi diéu kién trén bai toan dugc thiét lap nhu
sau: xac dinh luu lugng ctia cac 16 khoan khai thac
Q(i=1,2,3,.., k), khi tong ctia ching dat cuc dai:

k
F=>'Q, > Max (4)
i=1
Dong thoi tudn theo cac gidi han da noi 6 trén:
S(t) < [S], (5)
0<Q=<Q,_. (6)
Trong (4), (5) va (6): F - ham muc tiéu; i, j
=1, 2,.., k1a s6 thu tu va s6 16 khoan khai théac
nudc. Gia tri Sj phu thudc vao diéu kién DCTV
clia tling vung, luu lugng 16 khoan Q, va théi gian
khai thac t. D6i v6i tang chiia nude vo han gia tri
S, dugc xac dinh theo cong thtic (4) hay (5). béi
v6i nude c6 ap moi quan hé (5) thuong la moi
quan hé tuyén tinh gitta tri s6 ha thdp S, va luu
lugng 16 khoan.

1 k
i=1
k
Sj = ;Qiaji (8)

Trong (7) va (8): le - stic can thuy luc khong
thi nguyén; T - hé s6 dan nudc, m*/ngay; a; -
ham anh hudng cua 16 khoan thi i dén j c6 tinh

dén tinh thdm, chitia nudc, loai bién, khoang
cach tu bién dén chung hodc khoang cach gitia
cac 16 khoan. V& mat thuy luc né chinh 1a stic
can thuy luc ctia nuéc dén 16 khoan, xac dinh
theo cong thic:

a, = fji/ZT. 9)

Gia tri a, vé mat vat ly 1a tri s6 ha thap muc
nudc trong 16 khoan thti j do anh hudng khai thac
cta 16 khoan thti i v6i luu lugng bang mét don vi.
Biét a, cho phép xac dinh Sj(t) d6i voi tat ca caclo
khoan tuong tac. Gidi han (5), (6) biéu dién duéi
dang bt phuong trinh va biéu thtic Sj(t) dugc viét
nhu hé phuong trinh dai s6 tuyén tinh.

Mot sO tac gia nhu Botrever Ph.M.,(1978);
LK. Gavitch, (1988) da dé xuit cich xic dinh
S, theo cong thtic sau day:

S {%nkaZQJ In 1,5t
j=1

ij
Trong (10): k - hé s6 tham; m - chiéu day 16p
dat d4, m; r, - khodng cich tii 16 khoan thit i dén
16 khoan tht j, khi i = j thi r, ban kinh 6ngloc ciia
16 khoan.
T (5), (6) va (8) ching ta nhin dugc phuong
trinh va diéu kién gisi han:

(10)

F=Q +Q,+Q,+..+Q > Max (11)
Cac rang buoc:

a1 Qp tapQs +..tayQ <[5

a,Q; +a,Q, +...+2,,Q <[S], (12)
a31Qp +2a3Q) +...+a3Q < [S]3

a13Q; +a,,Q, +...+2, Q <[S], (13)

0<Q, <Q,.; =123,k

Trong dé: a, -Cdc ham dnh huong, xdc dinh
nhu sau:

- Tt mot trong k 16 khoan, thi du 16 khoan thu
nhit (i = 1) dat luu lugng duy nhét, cic 16 khoan
con lai xem nhu bang khong;

- Xéc dinh gia tri Sj cho tat ca cac 16 khoan
tuong ing voia;
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- Biang phuong phép tuong tu tinh cho tat ca
caclo khoan conlai (i=2,i=3,...,i=k) sé tim
dugc nhiing gid tri con lai cia ham anh hudng a
va nhan dugc.

Doi véi tang chiia nudce cé ap, vo han, khi khai
thac kéo dai, ham anh hudng aji c¢6 thé tinh theo
cong thtc:

0,183, | 2,25at
a.= Ig

n T I'JZ

(14)

& day: T - hé s6 dan nudc, m?*/ng; a - hé s6
truyén 4ap, m’/ng; t - thoi gian bom khai thac,
ngay-dém; r, - khodng cach ti 16 khoan j dén cdc
16 khoan con lai (m), khi j = i thi r=r, = duong
kinh 6ng loc ctia 16 khoan hit nuéce (thuong bang
0,2 = 0,4 m).

4. PHUONG PHAP GIAI

Bai toan thiét lap dugc dac trung bdi ham muc
tiéu F va tat ca cdc gidi han la tuyén tinh véi cac
thong s6 t6i u Q, va dugc trinh bay nhu bai todn
quy hoach tuyén tinh. Néu ham muc tiéu hay mot
trong nhiing gidi han 1a phi tuyén so v6i Q thi hé
phuong trinh (7), (8) 1a bai toan quy hoach phi
tuyén. Trong mdt s6 trudng hop ham phi tuyén
6 thé€ dugc thay boi ham tuyén tinh tiing khoang
thi quy hoach phi tuyén dugc thay thé béi quy
hoach tuyén tinh.

Giai bai toan trén bang nhiéu cach. Mot trong
phuong phap giai la dung phuong phap simplex.

Dé€ lam viéc nay ta viét lai bai todn & dang:

G=-F=-Q -Q;-Q;~-..-Q, > Min (15)

Céc rang buoc:

a;,Q, +2a,,Q, +...+a,Q, + X, =[S],

a,,Q +25,Q, +...+2,,Q, +X, = [S]2

a1Qy +a,,Q) +...+2, Q) + X = [SL
Diéu kién:
0<Q;<Quxs 1=1,2,3,..k (17)
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Lap bang Simplex cé dang sau day:

Bang 1. Bang co s&

t | Q | Q| Q |-|Q.] Q |B=[S]
Xl a, a, a, R ety 4 Bl
Xz azl azz az% azi azk Bz
X% a%l a%z a%% a%i a%k B%
t . .
X |la, |a, |a;,|.|3a; a_ | B_
Xk akl akz ak3 ak§ akm Bk
Cz=|C=|Cz= c C.=-
1 1 1 s 1

Bién d6i bang co s& theo nguyén tac sau day:

- Chon cdt cho phép: ¢4t chua gia tri tuyét doi
C,16n nhat. Gid thiét d6 l1a cot s (cot to dam).

- Sau khi c6 ¢t co s6 s ta di tinh cac gia tri clia
cOt nay theo cong thitc: a  =B/a;j=1,2,... k.

- Chon hang cho phép: hang chua gia tri nho
nhit tli cdc a tinh trén déy. Gia st d6 la hang m
(hang to dam).

Bién d6i bang co sa theo cac budce sau:

+ tinh yéu t6 cho phép:a__ thaybingd  =1/a g

S N

+ cdc yéu to ctia hang cho phép: 2 =a_/a

4 N N 7. A /4 > _ .
+ cac yéu td ctia ¢t cho phép: ag=-ag/ag

+ cdc yéu to con lai bao gom hang tu do B va
hang G tinh nhu sau:

- (ajs'ami)
a.=a. —
a

n n
mS

+ Thay d6i vi tri cia bién s6 Q trong cot s cho
bién X _ trong hang m.

Bién d6i cac budc tiép theo nhu trong cac bude
trén déy cho dén khi tat ca cac yéu té cua hang G
déu khong am (ung véi cic X).

Khi d6 cdc gid tri B, 6 cOt cudi ting véi cic
X, > 0 chinh la nghiém cta bai todn t6i uu.

Bang Simplex cudi ciing ting véi giai doan bién
ddi thi k va cac yéu t6 ctia hang G la C*, khong
am c6 dang:

Bang 2. Bang Simplex & giai doan bién d6i thu k

x| x | x | x |..| x| X |B=[s]
Q, |a, |a, |a.|..| . ak | Bf
Q, |a% |a a5, |..| .. a“ | BY
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k k k k k
Q, as, | a, |ay, | .. a, B*,
k k k k k
N a, | a, | a% | - a’, B,
— k k k k k
G=-F| C | C | CX Ce | €y

Nghiém t6i uu tuong tng la:

QI Bkl
Qz B kz
th Bkk

Trong trudng hop bai toan nhiéu bién thi viéc
giai trén day la rat lau va mat kha nhiéu thoi gian.
Chinh vi vay ma nguoi ta giai theo mot s6 thuat
toan l4p trinh sdn. Sau day ing dung moét trong
cac chuong trinh tinh da c6 san d€ tim nghiém
toi uu.

Bai toan trén dugc thiét 1ap theo mo6 hinh
chuin ctia bai toan quy hoach tuyén tinh nhu sau:

F= —z ¢;Q; =& min
D a;Q; <B;

0< Qi < Qmax

¢; 20

(18)

Bai toan trén con c6 thé giai bang Maple 9.5.

5. MINH HOA LOI GIAI QUA VI DU CU THE
5.1. Giai bang phuong phap Simplex

Sau day chung ta sé nghién cttu mét vi du: dé
cung cap nudc cho mot xi nghiép ngudi ta da
khoan 3 16 khoan khai thic c6 duong kinh 6ng
loc:r,=r,=r,=02m.

Tang chiia nudc ap luc, vo han cé bé day trung
binh 1a 30 m, ap luc trén mai tang chda nudc la
50 m. Tu tai liéu hut nudce thi nghiém da xac dinh
dugc hé s6 dan nuéc T = 220 m*/ng, hé s6 truyén
ap a = 2,25.106 m*/ng.

Céc 16 khoan dugc bo tri theo tam giac véi
khodng cach nhu sau: r, =r, =300 m; r,, = 1,
=400 m va r,, = r,, = 500 m. Thoi gian du kién
khai thac la t = 104 ngay dém (tuong duong 27
nam). Theo tai liéu tham do, tri s6 ha thap muc
nudc cho phép tai cac 16 khoan c6 thé ldy bang:
[S], = [S],=[S],=50 m.

Duia vao (14) va cac s6 liéu da cho dé dang xac
dinh dugc gia tri ham anh hudng (aji, i=1,2,3;j
=1, 2, 3) ting v6i luu lugng don vi (l4y bang 1000
m?®/ng). Bai toan t6i uu hoa dugc biéu dién bai hé
phuong trinh sau:

G=-F=-Q;-Q,-Q; »> min

10,07Q, +6,845Q, +4,578Q; + X, =50
6,845Q, +10,07Q, +4,414Q; + X, =50
4,578Q5 +4,414Q, +10,07Q; + X5 =50
0< Qi . Qmax

X, X, va X - la cdc bién s6 phu khong am dua
vao theo phuong phap Simplex dé bit phuong
trinh dang (12) tré thanh phuong trinh dang (16).
Lap bang co s6 (Bang 3):

Bang 3. Bang co s6 tinh todan minh hoa s6

X/Q Q Q, Q, B
X, 10,07 | 6,845 | 4,578 50
X, 6,845 | 10,07 | 4414 50
X, 4,578 | 4,414 | 10,07 50

G=-F | -10 -1,0 -1,0 0

Bién ddi theo bang Simplex giai doan thi 3 cho
ta két qua nhu trong Bang 4:

Bang 4. Két bién déi bang Simplex & giai doan 3

QX X, X, X, B
Q, 0,036 | -0,118 | -0,037 | 2,046
Q, | -0,115 | 0,191 | -0,031 | 2,204
Q, | -0440 | -0025 | 0,129 | 3,129

G=F | 0039 | 0047 | 0027 | -7,397

Loi giai nhan dugc:

Q, 2,046
Q, 2,204
Q, 3,129
F=-G +7,397

F=-G =+7379 m*/ng.

Nhu vay, bang phuong phap Simplex cho ta
cac gia tri luu lugng khai thac t6i uu cho tling
16 khoan:

Q, = 2046 ming, Q =
va Q, = 3129m’/ng.

Q,=Q, +Q, +Q,=7379 m’/ng = max.

2204 m’/ng
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5.2. Giai bang phan mém Maple 9.5

Duéi day trich xuat két qua giai theo Maple 9.5:

> restart:

with(simplex);

rb1:=10.07*Q1+6.845*Q2+4.578*Q3<=50;

rb2:=6.845*Q1+10.07*Q2+4.414*Q3<=50;

rb3:=4.578*Q1+4.414*Q2+10.07*Q3<=50;

F:=-Q1- Q2- Q3;

ng:=minimize(Et{rb1,rb2,rb3},
NONNEGATIVE);

toiuw:=subs(ng,F);

Warning, the protected names maximize and
minimize have been redefined and unprotected.

[basis, convexhull, cterm, define_zero, display,
dual,
pivoteqn, pivotvar, ratio, setup, standardize]

rb1:=10.07Q1+6.845Q2+4.578Q3<50

rb2:=6.845Q1+10.07Q2+4.414Q3<50

rb3:=4.578Q1+4.4145Q2+10.07Q3<50

F:=-Q1-Q2-Q3

ng:={Q2=2.222571712,Q1=2.067418854,
Q3=3.051024197}

toiuu:=-7.341014763

Giad tri nghiém t6i vu: Q, = 2.067; Q, = 2.222;
Q, = 3.051; Fmax= 7341.

So sanh két qua giai bang Simplex (Fmax =
7379 m’/ng) véi 161 giai bing Maple 9.5 (Fmax
= 7341 m’/ng) cho ta thay sai khac bing 5,1% la
khong dang ké.

feasible, maximize, minimize, pivot,
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6. KET LUAN

Khai thac nuéc ngam tat yéu lam cho muc
nudc ngam trong tang khong ap giam hoac ap luc
trong tang chiia nudc cé ap giam.

Trong ca hai truong hop trén dan dén sy ha
thap mat dat.

Dé giam thiéu lun sut mat dat can c6 bién phap
khai thac nudc dudi dat sao cho van dap ung luu
lugng can thiét ma muc nudc ngam khong ha
thap qua gidi han cho phép.

Hai giai phap khai thac nudc ngdm nham giam
thiéu ha thip mat dit dugc dé xuit:

- Bai giéng khai thac nuéc ngdm can c6 nguén bg
cap (gan song, ho hay ngudn nudc ty nhién khac).

- T6i uu hoa luu lugng khai thac ctia cac giéng
khai thac trong bai giéng nham dam bao luu
lugng khai thac cyc dai ma van dam bao do ha
thap muc nudc khong vugt gia tri gi6i han.
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