UNG DUNG PHAN MEM VISUAL MODFLOW 4.2.0.151 KHI TINH TOAN HE
THONG GIENG HA MU'C NUOC NGAM BAO VE HO MONG KHI XAY DUNG
CONG TRINH TREN NEN CAT CHAY

KS TRAN VAN TOAN
Dai hoc Thuy loi

Tém tit: Khi tinh toan thiét ké hé thong giéng ha muc nude ngam dé bao vé hé mong
cong trinh ching ta thuong st dung cac cong thirc tinh toan theo dong thim 6n dinh va mo
hinh 2D, viéc tinh toan nay khong dugc chinh xac 1am. Dé nhanh chdng va chinh xac hon can
tmg dung cac phdn mém dé tinh toan theo dong tham khéng 6n dinh va mé hinh 3D mb
phong sat v6i thuc té hon. Ung dung phan mém Visual Modflow 4.2.0.151 s& gitip ta giai
quyét cic ndi dung nay rat hiéu qua nham ting mirc 6 chinh xac, giam thoi gian va cong sirc
tinh toan.

1. PAT VAN PE

Viét Nam 1 nudc dang phét trién nén cac cong trinh thiy loi, thity dién, giao thong, dan
dung da, dang va s& dugc xay dung rat nhidu. Phan 16n cic cong trinh xay dung ¢ khu vuc
ven cic con song 1on, ven bién ctia nude ta va dic biét & dong bang Béc B, ven song Hong
thi dt nén thuong 14 16p cat min rat day, muc nude ngam thuong cao nén trong qua trinh thi
cong khong tranh khoi nhimng anh hudng bat loi ciia dong nudc ngdm ngudi ta thuong ding
hé thong giéng dé ha muc nudc ngdm (HMNN) bao vé day va mai hb mong dam bao thi cong
bé tong trong diéu kién kho rdo. Chung ta da ap dung céc cong thic tinh toan dua trén ly
thuyét dong tham 6n dinh va mé hinh 2D dé thiét ké hé théng giéng HMNN cho nhiéu cong
trinh nhu Au thuyén Cau DPat (Hai Duong), tram bom Kim D6i (Ha Bac), tram bom Nhu
Trac, Hitu Bi II (Ha Nam), c6ng Lién Mac (Ha Tay), tram bom Tram (Hai Duong), cong Van
Cbc, cong Hiép Thuan, hé thng kénh din cum cong trinh dau mdi Hat Mén - Dap Day (Ha
Tay), ... va nhiéu cong trinh dan dung, giao thong, cong nghiép khac. Rat nhiéu cong trinh
khi thi cong d phai diéu chinh bang thiét ké bo sung s6 luong giéng, d6 su ha giéng hodc két
hop phuong phap HMNN khac do thiét ké khong chinh xac. Vi vdy, viéc tinh toan thiét ké
chinh xac hé thong giéng HMNN s& gop phan dam bao diéu kién k¥ thuat, chat lugng va gop
phan giam gi4 thanh cong trinh.

2. PHUONG PHAP TINH TOAN

Khi thiét ké hé thong giéng HMNN c¢6 thé bd tri mot hodc nhiéu hang giéng lam viéc
ddng thoi va sy anh hudng cua ching véi nhau 1a yéu t6 can duoc xét dén.

Mit khac khi hé thong giéng gdm nhiéu loai giéng khac nhau, ¢6 luu lugng bom khac
nhau, dit & do sau khac nhau, dia chit & xung quanh cac giéng nay khac nhau va nguén bd
sung nude ngam khac nhau nén luu luong thim vao cac giéng khac nhau. Do d6, cac yéu t6
dau vao cua viée tinh toan phtrc tap hon va dic biét 1a khi thiét ké can dua ra nhidu phuong an
so sanh thi viéc tinh toan theo truyén thong s& gip nhiéu kho khin va thuong co sai s6 16n.

Viéc ing dung cong nghé tin hoc bang cic phan mém chay trong méi truong Windows
dé tinh toan thiét ké HMNN sé& giam duoc cong stic, thoi gian va tang do tin cay.

Noi troi trong cac phan mém hién dai 1a phan mém Visual Modflow ciia Canada. Phién
ban méi nhdt 1a 4.2.0.151 san xuit nim 2006 chay trong moéi truong Windows XP.



VisualModflow 1& phan mém manh, c¢6 du tinh ning cdn cho mé hinh dong chay ngam 3
chiéu va hd tro rat 16n vé dd hoa.
3. THU THAP SO LIEU PAU VAO

Dé tinh toan thiét ké hé thong giéng HMNN bang phan mém Visual modflow can thu
thap cac tai li¢u nhu hé s6 tham theo phuong doc Ky, phuong ngang K, va phuong dimg K
cua tung lop dét nén, kich thuéc va chiéu sau hd mong, d6 sau can HMNN, chiéu sau ha
giéng, vi tri, s6 lugng va khoang cach giira cac giéng, thi nghiém hién trudng dé xac dinh luu
luong hit nude don vi cia mdi giéng, thoi gian can thiét & HMNN dén d6 siu thiét ké.

4. CO SO TiNH TOAN CUA PHAN MEM VISUAL MODFLOW
4.1. Phwong trinh toan hoc

Phuong trinh tong quét biéu dién chuyén dong ctia nudc ngam c6 dang nhu sau:
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Trong do: K., K, K.. - H¢ sO tham theo cac hudng x, y va z (z 1a chiéu thang ding).
h - Muyc nudc dudi dat tai vi tri (x, y, ) & thoi diém t.

W - Mbdul dong ngdm hay gia tri bd sung hodc gia tri thoat di ciia nudc
ngém tinh tai vi tri (X, y, z) 0 thoi diém t.

S, - Hé sb nha nudc don vi (1/m).

Véi S = Si(x3.2); Koo = K(xy,2); K,y = K,(x,,2); K.. = K..(x,y,z) — Cac ham phu
thudc vao vi tri khong gian x, y, z.

Phuong trinh (4.1) mé ta dong ngam trong diéu kién khong on dinh cho mai truong
khong dong nhat va di hudng.
4.2. Phwong phap giai

Dé giai phuong trinh (4.1), ta phai tim ham s6 A(x,y,z,1), thoa man (4.1) va thoa man céac
diéu kién bién. Viéc tim 101 giai giai tich h(x,y,z,t) cho phuong trinh (4.1) thudng 1a rat kho.
Do d6 nguoi ta budce phai giai bang phuong phap giai gan ding duoc ap dung & bai toan nay
la phuong phap sai phan hitu han hay phan chia khong gian lién tuc thanh cac 6 khong gian
hay con goi 1a qua trinh roi rac hoa.

Trén co s& can béng 0 ludi (1, j, k) va cac nguén theo budc thoi gian ¢, dén ¢, chung
ta co dugc hé phuong trinh sai phan tong quat sau:

CRi’f‘]/z,k(hi',y_ljfl,k_hi',y_l/‘,k) + CR!',./'H/Z,k(h‘m _hi',y_l/‘,k) + CC['J/Z,/,k(hiTl,j,k_hir:lj,k) +

i,j+1,k
CCi+1/2v./,k( hi'ZI,j,k - hi',y_lj,k) + Cl/i,f,k'l/Z(hz":lj,k—l - hi',y_lj,k) + CV}Jyk+]/2(hiTj,k+l - hir:lj,k) +
Pi,j,khi’jlj,k + Qi,j,k = SS;{/,/((AK/AC[AV/{)( hi’jlj,k - h,-’?;;lc)/(tm - tm_j) (42)

Véi: CR, CC, CV - Pd dan nudc cua 16p chtra nude tai 6 (i, j, k).
P - Luu lugng trao ddi don vi ciia hé théng.
O -Tong luong trao ddi cuia hé thong véi bén ngoai.

ArjAciAvi - Khoang sai phan theo phuong x, y, z.



Ss - Hé $6 nha nudc va t,, £, ; 1a hai budc thoi gian Kké can nhau.
Hé phuong trinh (4.2) duoc giai bang phuong phap lp, nguoi ta tién hanh chia nho
khoang thoi gian (.1, 4,), két qua nhan duoc 13 101 giai gan ding cta hé phuong trinh.

Khi t tang 1én thi / s& thay d6i. Khi / dat dwoc sy 6n dinh (Ah<Ah,) thi muc nuéc dat
duoc su can béng dong va tai day két thic qua trinh tinh toan.
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Hinh 1. So dé gidi hé phwong trinh sai phdn

4.3. Cic diéu kién bién dung trong mé hinh tinh toin

C6 3 loai diéu kién bién chinh 14 MNN ty nhién (h= const), luu lugng hat nuée don vi
ctia mdi giéng q= const va luu luong bd sung nudc ngdm vao khu vuc hd mong Q= f(Ah)
(Trong tu nhién nhitng bién nay dugc mo phong 1a song, bién, kénh thoat, mach 19, tudng
chan, da géc, bdc thoat hoi, thim xuyeén, 16 khoan hut nude hodc ép nudc).

5. AP DUNG TiNH TOAN HE THONG GIENG HA MUC NUOC NGAM CONG
HIEP THUAN - HA TAY

Cac théng sb tinh toan: K=9x10"cm/s=7,8 (m/ngay dém), dudng kinh ong loc
D=100mm, chiéu dai éng loc L=2,0m, chiéu siu HMNN ¢ day hé mong S,=6,8m, chiéu sau
ha giéng H=13,35m, luu luong don vi mdi giéng q=42,6m>/ngd, bd tri giéng xung quanh hd
mong & cao trinh +5,6m va cach mép hé méng 2,0m.

So db tinh toan nhu hinh 2 va hinh 3:
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Hinh 2. Mdt cdt ngang hé mong cong Hiép Thudn phwong dn 1
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Hinh 3. So d6 bo tri hé thong HMNN cong Hiép Thudn phwong én 1

So d6 khéi chay phan mém: Hinh 4.

Sau khi tinh toan so sanh nhiéu phuong 4n thi ta chon dugc s6 giéng can b tri 1a 204
giéng va khoang cach giira cac giéng 1a 2,0m. Khi hé thong giéng hut nudc lién tuc 10 ngay
thi MNN ¢ giita hd mong 6n dinh & cao trinh -1,66m thap hon ddy mdng 0,46m (Pat yéu cau
thiét ké&). Két qua tinh toan theo phuong an nay dugc biéu dién nhu hinh 5 dén 13 va bang 1.



Xay dung mo hinh mo phong nén, dia chat thiy
van (Kx, Ky, Kz, MNN, ngudn bé sung nudc...)
khu vuc x4y dung cong trinh bing
cdc phén tlr khéi trong khong gian

Dit cdc giéng (vi tri, chiéu sau) 1én mo hinh,
nhap luu lugng hidt nuée don vi ciia mdi giéng,
thoi gian hiit nuée clia hé thong giéng
Pit cdc giéng quan tric (vi tri, chiéu sau) 1én mo

hinh, nhap myc nudc ban dau trong mdi giéng,

v
| Thay vao ham h(x,y,z,t) |

m=m+l

Thay vao phuong trinh 4.2

biung

_ Ihtm'h tm-ll
Ah; = T<Ahcp

bung

Dung

| In két qua dang s6 liéu va do h(_)al

Hinh 4. So d6 khéi chay phan mém

Hinh 5. Bé tri hé thong giéng cdch nhau Hinh 6. MNN dd dwoc ha thap va giéng quan
2,0m dé ha MNN va giéng quan trdc MNN trac MNN xung quanh ho méng sau 10 ngay

xung quanh pham vi hé méng theo khéng hit nuée lién tuc theo khéng gian 3D
gian 3D
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Hinh 7. Mdt bang bo tri hé thong giéng va MNN da dwoc ha thap & xung quanh ho méng
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Hinh 9. MGt cdt doc di qua tim ho mong

Hinh 11. Mdt cdt ngang di qua tim ho
mong theo khong gian 3D

Hinh 10. MGt cdt doc di qua tim hé méng theo
khong gian 3D



Murc nudc va thoi gian
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Hinh 12. Puong quan hé MNN ¢ giita hé mong theo thoi gian bom nude ciia hé thong giéng

(gom 204 giéng) bé tri xung quanh hé mong

Bdng 1. So sanh két qua tinh toan xdac dinh cac thong s6 thiét ké HMNN
cong Hiép Thuan — Ha Tay

. £ . Theo truyén Theo do dac Theo pham

T Thong so Donvi thong hién truong mém Modflow

| | Khdndng hitnuéecva | 5, o4 62,97 42,60 42,60
mot gieng q

o | Chenh léc MNN o ddy m 2,55 1,72 -
ho mong va giéng AS

3 | D sau HMNN trong m 9,35 7.80 7,80
giéng S

4 | Chiéu sau ha giéng H m 13,35 12,52 13,35

5 | Ban kinh anh huéng R m 190,81 154,19 -

6 | Ban kinh bicu kién x, m 54,96 54,96 -

7 ?hleu day tang dat nén m 22.86 21,70 i
ap luc T,
Chiéu sau ting khong

8 tham ké tir day giéng t m 9.51 %17 )

g |Luuluongchayvaoho | s 4| 464623 4612,15 ;
mong Q

10 | S luong giéng n cai 100,00 134,00 204,00

11 Kl}oang cach gitra cac m 4,00 3,00 2,00
giéng e

5. KET LUAN

Viéc sir dung pham mém Modflow trong tinh toan thiét ké HMNN duya trén co s¢ dong
tham khong On dinh (thay thé dong tham on dinh trudc ddy) gitp cong viéc tinh toan nhanh,




chinh xac va tryc quan hon vi ¢6 thé mé phong bang mé hinh gan sat v4i thuc té hon, thong
s6 dau vao day du hon.

Uu viét cta phan mém:

- Mo phong duoc dit nén gdm nhiéu 16p, nhiéu khu vyuc c6 dia chat khac nhau.

- MO0 phong duge pham vi va cac diéu kién tu nhién réat rong dén khu vuc.

- Tinh toan dugc khong nhimng v6i dong déu, 6n dinh, khéng dp ma con ca dong
tham khong déu, khong 6n dinh, c6 ap va di hudng.

Céc thong s6 mo hinh dau vao va két qua tinh toan déu duoc thé hién bang hinh anh 2D
hodc 3D gitp ngudi tinh toan kiém tra, danh gia ngay duogc viéc lam timg budc va két qua sau
vai gidy rat tryc quan sinh dong.

Viéc sir dung phan mém phan mém Modflow cho phép chi trong thoi gian ngin nguoi
thiét c6 thé tinh toan so sanh nhiéu phuong an khac nhau dé Iya chon mot phuong an tdi wu dé
thi cong dugc thuén 1oi, an toan va gia thanh ré.

6. PIEU KIEN AP DUNG

Cong ty Waterloo Hydrogeologic phat trién phan mém Visual Modflow tir nim
1989 va da duoc str dung & 90 nudc trén thé gisi. Phién ban VisualModflow Ver 1.0 phat
hanh véao thang 8/1994 va trd thanh mo hinh chuan vé nudc dudi dat va méi trudong cho
trén 3500 ngudi dung & cac hing tu van, co s& gido duc va cac to chire chinh phu trén toan
thé gioi.

O Viét Nam phan mém nay da dugc biét dén va budc dau tmg dung ké tir ndm 1998.
VisualModflow 13 phan mém manh, c6 du tinh ning can cho mé hinh dong chay nudc
ngam 3 chiéu va di chuyén chat nhiém ban.

Phan mém VisualModflow version 4.2.0.151 tung ra thi trudong dau nam 2006, dugc cac
chuyén gia trén thé gi6i va ¢ Viét Nam danh gia 1a mot chuong trinh hoan chinh nhat, dap ing
kha niang mé phong méi truong 3 chiéu ciia dong chay ngdm va dich chuyén cac chat 6 nhiém
dudi dat.

Viéc ing dung phan mém vao thiét ké hé thong giéng HMNN phai trong diéu kién sau:

- €6 du tai liéu khao sat phuc vu thiét ké mo hinh. Tuy theo ngudi thiét ké ma
mo hinh tinh toan néu mé cang rong cong tac khao sat tvong ty nhu két hop
v& ban do dia chat va dia chét thity vin khu vuc tinh toan.

- C6 thi nghiém hién truong dé xac dinh luu luong hut nude don vi cua cac
giéng ing véi chidu sau ha giéng.

Summary: The equations of unstable and 2D seepage flow model are often applied to
calculate well systems for decreating underground water and protecting foundation. At
present, with the development of information technology, it is necessary to apply new models
of the unstable and 3D seepage flow for simulating more correctly. Visual Modflow 4.2.0.151
software could be used to obtain better effects with a higher accuracy and decrease in
calculated duration.



