
NGHIGN CLlU-TRnoe6l 

DANH GIA ANH HlTOfNG CUA DAP NGAM 

DEN TAI NGUYEN NlfOfC DAO PHU QUY 
N G U Y E N D I N H T H A N H - Cue Quin ly Ta rijjygn nj6c. B$ T î nguyen va M6i trjdr^ 

N G U Y E N C A O D O N - TnJiingBailBcmybi 

Bai bao trinh bay kS't qui nghign ci}u, phan linh iTu S'lim cila gial phap xay dirng dap ngam 
Irong phai trl^n ben vffng tai nguyen nirfic diTAi dS't cua dao Phu Quy (mpt dao trgng diem 
cAa Viet Nam). Ket qui tmh toan blng phiroing phap m8 hinh toan cho thSy hl6u qua ro rgt 
ciia pbiTifng an sis dijng dip ngim de nang cao mirc nirdc dirdl di't. Cac ket qua nghien ciJu 
nay la mgt phan san ph^m khoa hgc cQa Di' tai KH&CN tiem nang cip nha nirdc: "Nghien 
ciiu xay dung dap dirdi di't d^ trii nirdc ngi'm nhim phit trl^n bi'n viing t i l nguyin nifdc d cic 
khu virc Ihirdng xuyen bj han, cac vung ven bien va hai dao", ma so'KC.08.TN01/11-15. 

Tir khoa: tai nguyen niftc, tap dang nitic ngam, dfa cha't thuy van, tang chifa nu6c, mo 
hinh so. 

EVAIUATION o r THE 

IMPACT o r UNDEDGDOUND 

DAMS ON WATER 6OUDCE1S 

AT PHU QUY I61AND 

SLinvsr^ 

This article presents tlie results 
of researching the advantages 
and characteristics and practical 
significance of underground dams 
and their potential applications 
in exploitation and use of water 
resources. The results of this 
research are part of the National 
potential research Project coded 
KC.08.TN01/11-15 "Applications of 
underground dams in maintaining 
groundwater for sustainable water 
resources development in droughty, 
coastal and island regions". 
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underground dam, hydrologic geology, 
aquifer, digital model. J 

Giofi t h i e u 

Dao Phu Quy, tinti Binh Thuan nam tren bien Dong, each thanh 
pho Phan Thiet khoang 120 i<nn ve phia dong nam, co tpa dp dja 
ly gidi h^n: Xii 10°28'58" den 10°33'35" vT dp BSC va Xii 108°55'13" 
den 108°58'12" kinh d6 Dong. Phu Quy co tiem nang trd thanh 
m6t diem dich vu che bien va tieu thu hai sSn ci!ia mgt mling ngu 

' trudng keo dai Xii Trudng Sa den Con Dao; tao dieu kien cho c^c 
tau danh bat xa bd hoat dong dai ngay hon va dat hieu qua kinh t^ 
cao hdn. Ngoai ra. vdi vi tri n§m tren dUdng hcii van qud'c te, Phu 

' Quy cdn cd dieu kien phat then cac dich vu siia chQa tau thuyen, 
cung cap cac dich vu hai cang quoc te va cac dich vu th§m dd, 
khai thac dau khi. 

Tren dao khdng cd ddng chay mat thudng xuyen nen viec khai 
thac va SLf dung nudc chij yeu dua vao tai nguyen nUdc ngSm. 
Ddng chay mat chi ton tai khoang 1 den 2 gid sau nhQng tran mua 
Idn. Theo dinh hudng va muc tieu phat trien kinh te - xa hdi cho 
d^o PhiJ Quy den nam 2020, nhu cau sCf dung nudc se gia tang, 
do vay neu nhu khdng cd giai phap khai thac hdp ly se gay ra 
nhdfng tac ddng xau, anh hucing den nguon nudc nhu suy thoai, 
can kiet va dac biet la kha nang xam nhap man nguon nUdc ngam. 
Ket qua dieu tra gan day cho thay, trong mua kho da cd hien tU0ng 
xam nhap man den cdng trinh khai thac nUdc ngam bd tri d ven 
dSo Do vay viec nghien cUu ddng thai nUdc ngam nhSm gicim 
thieu cac tac dpng nay la het sUc can thiet, gop phan ph^t trien 
ben vQng vung bien dao trpng diem cua To qude. 
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Tong quan ve mo hinh 
Ban chat cua phUdng phap md hinh so trong dja 

chat thuy van la dung may tfnh de giai cac phUdng 
trinh vi phan van ddng cCia nudc dudi dat bang 
phUdng phap sd. Ke thtra nhDng ket qua nay, nhdm 
nghien cUu cua Arlen W. Harbaugh va Michael G. 
McDonald da phat then thanh chUdng trinh hoan 
thien gpi la MODFLOW-96 md phdng dong chay 3 
chieu trong mdi trudng nudc dudi dat (Modular Finite 
Difference Groundwater Flow Model) vao nam 1988 
va tiep tuc hoan thien vao nam 2000 vdi phien ban 
MODFLQW-2000 [5]. Den nay hdu het cac phan 
mem thUdng mai ve mo hinh nudc dudi dat tren the 
gidi deu stf dung chUdng trinh MODFLOW [5] lam 
ndng cd't. Ban chat cua phUdng phap md hinh sd la 
giai phUdng trinh vi phan dao ham rieng van dpng 
cija niidc dudi dat trong khong gian 3 chieu theo 
phUdng phap sai phan hOu han. 

PhUdng trinh vi phan van ddng cua nudc dUdi 
dat trong khong gian ba chieu dUdc the hien nhU 
sau [4]: 

dx{_ "(be) dy{ " d}-) ez{ •'dzj * a 

Trong dd: Kxx, Kyy, Kzz la cac he sdtham theo 
phUdng x,y va z; Ss la he so nha nudc; h la cao dp 
muc nudc tai vj tri (x,y,z) d thdi diem t; W la md dun 
ddng ngam, hay la cac gia trj bo cap, gia trj thoat di 
cua nudc ngam tfnh tai vj tri {x,y,z) 6 thdi diem t; W 
= W(x,y,z,t) la ham so' phu thudc thdi gian va khong 
gian (x,y,z). K va Ss la ham sd phu thudc vao vi tri 
khong gian {x,y,z). 

H ChiTkh ly, liini duoli md liinli 1 Xic dinh muc tiiu 

1 
~*i Thn Ifaap no lifu 

1 
Xif dyng/Chuih iira 

1 mo hinb khii alf m | 

1 

1 Phil Men thuihina hinh so j 

Md hinh dong chay duidfi dat 
M6 hinh dong chay nitdc dUdi dat khi chua c6 d$p 

Tren cd scf md hinh khai niem, chung toi sCf dyng 
phan mem cd s in phat trien thanh md hinh so. PhSn 
mem de xay diing md hinh s6 la bp phan m^m GMS 
phien ban 7.1 [4]. Cac so lieu thu thap dUdc sdhda, 
tong hdp de cap nhat vao md hinh sd. 

Vung nghien cCru bao trum toan bp dien tfch dSo 
Phu Quy (khoang 16 km^). Md hinh dUdc phan chia 
thanh 12.480 d lUdi (104 cot x 120 hang) vdi kfch 
thudc 6 ludi la 50x50 m. Tren mat cat, md hinh di/qc 
chia thanh 3 Idp tUdng u'ng vdi cac tang chijfa nudc: 
Ldp 1: md phong tang chUa nUdc Id hong qh vaqp2 
vdi chieu day tU 0-13 m, trung binh 5,25 m ph§n 
bd' khdng lien tuc tren mat cat; Ldp 2: md phdng 
tang chifa nUdc khe nOX trong thanh tao bazan phun 
trao (pQg, pQ^^^) vdi chieu day 18-60 m, trung binh 
32,24 m va phan bo tUdng dd'i lien tuc tr§n m&t cat; 
Ldp 3: md phdng tang chUa nudc Id hong qp1 vdi 
chieu sau day tang cd cao dp day khoang -68 m 
den -110 m. Cac Idp tren md hinh dUdc chia tren cd 
s6 opt dja tang cua 15 Id khoan nghien cCifu dja chat 
thuy van da tien hanh tren dao va cot dja tang cOa 
cac gieng khai thac nudc tren dao. 

Hinh 1: sa dd quy trinh giii bii toan dia chat thuy van 
bing md hinh 

Hinh 2- sa do hinh khoi cic Idp tren md hinh 

Ket qua hut nudc thf nghiem va ch?nh ly xac djnh 
thdng so dja chat thuy van tai 15 Id khoan thuOcdi/ 
an "Dieu tra tai nguyen nUdc phuc vu phat triln kinh 
te khu vUc dao Phu Quy" [2] dUdc trinh bay trong 
bang 1. 
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S o h i f u 
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ua 
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LK2 
LK1 
LK5 
U(6 
DO 
LK110 

LK13 
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thdng s6dia chat thuy van cac t^ng chi3a node 
t$i cac Id khoan 

X 

273574,75 

274959.00 

273724,77 

273660,25 

275947,74 

273467,57 

276437,57 

275751,58 

274700,10 

274852,87 

275515,99 

274532,34 

273409,61 

275369,52 

275746,59 

¥ 

1165491,90 

1167339,86 

1163912,15 

1164212,16 

1162733,71 

1164585,27 

1162735,00 

1163856,89 

1163360,73 

1164969,79 

1165177,95 

1166315,23 

1166236,76 

1162842,20 

1156178,54 

chiia nifdc 

qh.fbQ 

ah-tbQ 

qh+bQ 

qh+bO 

qp+bQ 

qptbO 

qptbO 

bQ 
bO 
bO 

bO 
bO 
bO 
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H$B^ thamK 

(mfngd) 

2.37 

0,34 

2,92 

2,92 

1,06 

1,61 

0,15 

0,22 

1,28 

0,61 

2,45 

0,08 

0,02 

1,09 

0,60 

H M o 
nha nif te Ss 

0,13 

0.) 
0.14 

0,14 

0,11 

0,12 

0,089 

0,094 

0,12 

0,113 

0,13 

0,08 

0.06 

0,12 

0.11 

dac vao nam 2005. Trong giai doan thuc hi§n, dU an 
da quan trac tai 4 vj tri L-14GK, L-18GK, L-04GK, 
L-PQ110. Md hinh dUPc hieu chinh bang phUdng 
phap thif dan. Khi su sai khac glDa miic nudc tinh 
toan va miic nudc trong thuc te nam trong gidi han 
cho phep thi ket thuc qua trinh lap (hinh 3). 

(Ngudn: Trung tim Cdng ngh$ tii nguydn nUdc (2007) 
Diiu tra tii nguyen nudc phuc vu phat trien kmh te 

khu vi/c dao Phu Quy) 

Cac so lieu se dUdc thu thap, tdng hpp va chinh 
sCfa sd bd dd loai bd cac sai so thd. Sau dd chung 
se dUdc xCr ly, sd hda thanh dang file sd lieu phu 
hdp de dua vao md hinh. Tuy theo cac modul sCf 
dung ma cac file so lieu nay se dUdc xtf ly dUa ve 
dinh dang file phu hdp. DD lieu dUa vao md hinh 
gom cac loai thdng tin sau: 

- Khai thac nudc ngam: gdm cac gieng khoan, 
gidng dao. Tuy theo vj trf, chieu sau cua cac cdng 
trinh khai thac nUdc ngam ma md phong cac gieng 
khai thac trdn md hinh phu hdp vdi thuc td. 

- Thdng sd dia chat thuy van: gom he sdtham, he 
sd nhS nudc (hd sd nha nudc dan hoi va he sd nha 
nudc trpng li^c). B&n dd phan vung cac thdng sd dja 
chdt thCiy van dUdc ngoai suy tren cd sd sd lieu chinh 
ly thdng sd dja chat thuy van cua 15 Id khoan. 

- Cac didu kidn bidn: mua, bdc hdi (sd lieu mua, 
bdc hdi t^i Tr^m khf tUdng Phu Quy tU 1995 den 
2011); xung quanh ranh gidi d^o la bien, mUc nudc 
tr§n bidn dUdc lay cd djnh; khai thac nUdc ngam 
(gdm cac gieng khoan, gidng dao). 

Ket quci tinh toan nhU sau: 

Si/ v$n dpng cua nUdc ngam: sd lieu quan trac 
muc nudc ng^m tgi khu vUc d^o Phu Quy giai doan 
trudc r̂ 't ft. Thdi gian quan trac khoang 1 nam (nam 
2005). Dl/ ^n "Didu tra tai nguyen nudc phuc vu 
phSt tridn kinh te khu vi/c dao Phu Guy" hoan thanh 
v^o n§m 2007, sd lidu de thuc hien dU an dUdc do 

Hinh 3: so sanh sai so giQa mUc nudc quan trac 
va tinh toan thdi diem thing 1.2005 

Sai so hieu chfnh md hinh: sai sd muc nudc trung 
binh (Mean Error): -0,02 m; sai sd trung binh tuyet 
ddi (Mean Abs. Error): 0,05 m; sai so trung binh 
binh quan (Root Mean Sq. Error): 0,06 m. Qua trinh 
daoddng mUc nudc khdi phuc tren md hinh tai mdt 
sd Id khoan quan trSc theo thdi gian dupe the hien 
d hinh 4. 

ikMAMl 
'^v^y^^'f'^'<>^'^-^''i^'''f^ 

Hinh 4: dao ddng mUc nudc td nim 1995 dgn 2011 
tai Id khoan L-14GK va L-Q4GK. 

Nhin chung ket qua chinh ly md hinh cd the chap 
nhan dUdc trong dieu kien sd lieu quan trie han 
che. Cac thdng sd dau vao cCia mo hinh sau khi 
chmh ly se dUdc stf dung lam sd lieu dau vao de gi^i 
bai toan dU bao. Bcin dd muc nUdc tai mot sd thdi 
diem cija nam 2005 (thdi diem thang 4.2005 - giOa 
mua khd va thang 11.2011- giQa mua mua) dUpc 
the hien tren hinh 5. Day la cac gia trj do thuc td 
trong khu vUc vdi chuoi gidng quan trSc tren dko. 
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Hinh 5 b^n do dang cao do mUc nuac lap 2 thai diem thang 
4.2005 (trai) va thang 11.2011 (phai) 

Jit sd lieu thUc do tren khu vUc, sif dung cac phan 
mem ve cac dudng dang mi/c nadc. Danh gia ket qua 
nhan thay: tang chCfa nudc pq va qp, miia khd dinh phan 
thijy cd cao dp miic nUdc Idn nhat la 3,2 m va nam 6 khu 
vuc trung tam dao, mua mua dinh phan thCiy cao dp mUc 
nudc ngam cao nha't la 10 m, tuy nhien dien tfch phan bd 
cua dudng dang cao dd miic nUdc 10 m trong tang pq Idn 
hdn trong tang chiia nudc qp,. Hudng ddng chay nUdc 
ngam trong ca 2 tang chUa nUdc deu thoat ra bien. 

De danh gia qua trinh di§n bien dpng lUc hoc nUdc 
ngam va su phan bo cua ban dd dang cao dp miic nudc 
cung nhu hUdng dong chSy nUdc ngam tren dao Phu Quy 
cho giai doan 2012-2020, chung tdi tien hanh chay mo 
hinh sd theo phUdng an: cac thdng so dja chat thuy van 
va mUc nudc ban dau, nong dp chat ran hda tan trong 
nudc (TDS) ban dau dUdc glD nguyen so vdi md hinh sd 
da dupe chinh ly. Lupng mua, bdc hdi {la cd sd de xac 
djnh lupng bo cap, boc hdi tU be mat nudc ngam) giai 
doan 2012-2020 la so lieu IUdng mUa, bdc hdi trung binh 
thang tinh tren chudi sd lieu td 1995-2011. Tong lUdng 
khai thac nudc ngam tren dao Phu Quy giai doan 2012 
-2020 dUdc giiJ nguyen so vdi thdi diem nam 2011. Ket 
qua nhan thay: bien dp dao dpng mUc nudc ngam (tang 
chUa nudc pq va qp, trong nam (giai doan 2012-2020) la 
AH = 6,8 m (cao dp mUc nudc Idn nhat mua mUa, thang 
10.2020 la 10 m, nhd nhat mua khd, thang 2.2020 la 3,2 
m). Dao dpng mUc nUdc ngam Idn nhat giOa thang cd 
IUdng mUa Idn nhat (thang 11.2011) va thang cd IUdng 
nhd nhat (thang 4.2005) la khoang AH = 19,5 m. 

Mo hinh dong chay nudc dudi dat khi co dap 

Hieu qua cua viec xay dung dap ngam tren dao dUpc 
danh gia theo 2 phUdng an: 

- PhUdng an 1: danh gia hieu qua cua viec xay dung 
dap ngam (chieu sau 5, 10, 15 m) trong trUdng hdp giO 
nguyen cac dieu kien dau vao nhu thdi diem 2011, ngoai 
tni so lieu ve lupng mua, boc hdi giai doan 2012-2020 la 
dupe ngoai suy theo sd lieu lupng mua, bdc hdi trung binh 
thang cua chudi so lieu Xii 1995-2011. 

- PhUdng an 2: danh gia hieu qua cua viec xay dUng 

dap ngam (chieu s§u 5, 10, 15 m) khi dieu kien dau vao 
dUdc thay doi tren cd s6 kich b^n khai thac nudc ng^m 
theo "Quy hoach tai nguyen nUdc dao Phu Quy, tinh Binh 
Thuan" da dUdc phd duyet t?i Quydt djnh sd 2406/QD-
UBND ngay 21.10.2010 cua UBND tinh Binh ThuSn [3]. 
Ve sd lieu mua trong tUdng lai (lien quan den lUdng bd 
cap cho nUdc ngam) la IUdng mUa, bdc hdi trung binh 
thang ciJa chudi sd lieu t i i 1995-2011 cd xet den kich b^n 
bien doi khf hau do Bd Tai nguydn va Mdi trUdng cong h6 
[1]. Thdi gian danh gia la den cudi nam 2020 (tUdng iJng 
vdi thdi gian quy hoach tai nguyen nudc da phe duyet). 

De md phong dap ngam (tudng chSn) trong cac tang 
chifa nudc, ehung tdi sii dung cdng cu Map c ia phan 
mem GMS [4], trong dd xay diing Coverage Setup vdl 
dieu kien bien la Barrier (dap ngam). Trong dd Barrier co 
chieu dai khoang 6 km, keo dai t i i phia nam cua d io (khu 
vUc tiep giap ei!ia tang ehUa nUdc bd rdi vdi dat da bazan 
gan san van dpng xa Tam Thanh) den khu san bay quHn 
su Phil Guy (thupc xa Ngu Phung) va dUdc gia thiet vdi 3 
eliieu sau dap khac nhau la: 5 m, 10 m, 15 m (tUdng ijng 
vdi chieu sau cd mUc dp phong hda khac nhau ciia d^t da 
thudc tang chda nUdc khe ntft bazan pq). He sd tham cOa 
dat da xay dung dap ngam l a K = 1,10-4 cm/s (tudnguing 
khoang 0,0000864 m/ngd). 

De danh gia kha nang dang cao miic nUdc ng^m khi 
xay dung dap ngam, sil dung ban do dang cao do mifc 
nudc du bao thdi diem cudi cua chuoi thdi gian tinh toan 
la thang 2.2020 va thang 10.2020 (hinh 6 va hinh 7). 

Luc chua cd dap 

Dap siu 10 m D$p siu IS m 

Hinh 6: bin dd ding cao dd mi/c nudc di/ bio 
tang chiia nudc pq thdi diSm thing 2.2020 
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^ 1 - - - - 1 

"̂̂  "*̂  ,. —nunodlil -•-t*.Sn 
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nbB^ 

1, 

Bang 2: chenh lech luang nUdc thoat ra bi4n khi co dip 
d cac chieu sau khac nhau so vdi liic chua cd dip 

Hinh 7: so sinh chSnh lich mi/c nUdc khi co dip so vdi 
khi chua cd dip thdi diem thing 2.2000 va thing 10.2020 

Kha nang gia tSing lupng nudc dudi dat khi xay dt/ng 
d$p ngim 

De danh gia kh§i nang lam gia tang trO lupng nude 
dudi ddt tr§n dho Phu Quy, ehung tdi sif dung modul phan 
mem ZONEBUDGET tfnh toan can bang nUdc de danh 
gia dinh IUdng va so sanh lupng nude dudi dat thoat ra 
bi ln trong cac trudng hdp. Tren cd sd dd danh gia hieu 
qu i cua vige xSy dung dap ngam. 

can bang nUdc dUpc tfnh toan tren toan bp dao va 
trong ck 4 trudng hpp theo phUdng an 1. Cac thanh phan 
tham gia vao c§n bang gom ed: 

- Cac thanh phan d§'n: trQ vao tang chUa nUdc (Storage Kg'| iggn 
In); lupng bo cap cho nUdc dudi dat tU mUa (Recharge In); 
x§m nhap tU nudc bien (Const Head In). 

Thdi gian 

01.2020 

02.2020 

03.2020 

04.2020 

05.2020 

06.2020 

07-2020 
08.2020 

09.2020 
10.2020 

11.2020 

12.2020 

Tong 

T6ng luong nU6c g\Q lai tren ddo sau khi c6 d^p (m>) 
Dap sau 5 m 

33.371 

13.173 

7.103 

8-891 

20.552 

34-400 

39-852 
38.184 

43.715 
62-930 

67.139 

55.558 

424.869 

D^p s3u 1 0 m 

47.028 

14.911 

4 4 1 9 

5.636 

23 082 

45.245 
55-371 

53.971 
64.187 
96 816 

105.454 

85.399 

GOI .520 

0 # p sau 15m 

50 704 

15 781 

4.419 

6.067 

25 586 

49 890 

61 058 
59.171 

70.476 
106.549 

115.835 

93 139 

658.675 

So vdl luc ehiia cd dap thi IUdng nudc dUdc giO lai tren 
dao khi xay du'ng dap ngam dai 6 km: sau 5 m la 424.869 
m^/nam; dap sau 10 m la 601.520 mVnam va dap sau 15 m 
la 658.675 mVnam. Tfnh trung binh tren 1 km chieu dai dSp 
thi vdi dap sau 5 m la 70.811 m^/km/nam; dSp sau 10 m la 
100.253'm3/km/nam; dap sau 15 m la 109.779 mVkm/n§m. 
Neu gia thiet chi phi xay di/ng dap u'ng vdi cac chi^u sau dap 
la 10 va 15 m tang len tUdng u'ng 2 va 3 lan so vdi d^p s§u 
5 m thi hieu qua luu trO nifdc ngam tang len lan liipt IS 1,41 
va 1,55 Ian. 

- Cac thanh ph^n di: tU trO IUdng tTnh ciia tang chUa 
nudc (Storage Out); bdc hdi tU be mat nUdc dUdi dat 
(Evapotranspiration Out); khai thac nUdc dudi ddt (Weil 
Out); thoat ra bien (Const Head In). 

De danh gia kha nang luu trO nude tren dao khi xay 
dung dap, chung tdi sir dung ket quli tinh toarj can b§ng 
nudc trong 1 nam tai thdi diem cudi trong chudi thdi gian 
tinh toan la n§m 2020. Ket qua tinh toan can bSng nUdc 
dupe trinh bay trong hinh 8 va bang 2. 

Trong bai bao nay, ddng thai nudc ngam khu vuc deio Phu 
Quy dupe md phong, danh gia trong cac giai dean trUdc va 
sau khi xay dUng dap ngam bang viec sir dung cac md hinh 
toan. Ket qua tinh toan cho thay, vdi cac trudng hdp chi^u 
sau dap tang gap 2-3 lan nhung iUdng nudc ngpt gia tSng chi 
tii 1,41 -1,55 lan vdi phUdng an 1 va tang chi tii 1,11 -1,38 lan 
vdi phUdng an 2. Vay cd the thay rSng hieu qua dau tU x§y 
dung dap sau se khdng cao, nen thay vi dau tu xay dung dap 
sau thi dau tu xay dung dap ndng vdi chieu dai dSp Idn se 
hieu qua hdn rat nhieu £-

Hinh 8: dd thj lUdng bd dp nUdc ngim ta mUa 
vi lupng nudc thoit ra biin trong cic trudng hdp 
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