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KHAI THAC BEN VUNG TAI NGUYEN NUGC DUOI PAT
VUNG VEN BIEN QUANG TRI TRONG BOI CANH BIEN POI KHI HAU
VA MUC NUOC BIEN DANG

Nguyén Son' va Téng Phiic Tuin’
1PhC\)ng Tai nguyén nude dudi dat, Vién Pia Li, Vién Khoa hoc va Cong nghé Viét Nam
2PhC\)ng Dia mao - Pia dong luc Vién Dia Li, Vién Khoa hoc va Cong nghé Viét Nam

Tom tit: Bién ddi khi hau va myc nuéc bién dang gay ra nhiéu thach thic trong quan i va
khai thac tai nguyén nudc dudi. Quang Tri ¢6 viing ven bién véi vai trd dic biét quan trong
trong phét trién kinh té xa hoi va viéc danh gia tai nguyén mét céch toan dién nham t6 chuc
khai théc bén viing trong béi canh myc nu6c bién dang duoc dat ra | cap thiét. Sir dung md
hinh Vlsual ModFlow xac dinh dugc luu lugng khai thac nuéc bén viing cua viing nghién ctru
12 77600 m /ngay dém, tai 2 cum giéng khai thac va xac dinh muc nu6c ha thap ¢ ting giéng
khoan sau moi 3 nam khai thac trong chu ki 27 nim. Lan dau tién dé tai da tinh dén anh
huong cua bién ddi khi hau dén kha nang khai thac bén ving tai nguyén nuéc dudi dat.

Tir khoa: Trir lugng khai thac (Qkt), nudc dudi dat, dia cht thiy van.

1. Mé dau

Ving ven bién Quang Tri gém 4 huyen ven bién (Vinh Linh, Gio Linh, Triéu Phong, Hai Lang)
va thanh phé Quang Tri, duoc giéi han vé phia bong boi Bién Dong, phia Tay la vang go doi,
phia Nam 1a tinh Thira Thién - Hué, phia Bic Ia tinh Quang Binh (Hinh 1). Pay la tryc dong luc
phéat trién kinh té - chinh tri - x4 hoi quan trong cua tinh, noi tip trung cac do thi, khu dan cu, co
s& san xuat, ha ting dich vu bién [1], nhung ciing 1& ving chiu anh huéng nang né nhat cua bién
d6i khi hau va myc nudc bién dang [2]. Nghién ctu nuée dusi dat (NDD) viing ven bién Quang Tri
da c6 gom: Tim kiém NDP Tay Dong Ha, chu bién Lé Quang Manh, 1990. Thim do NDD viing
Gio Linh, chu bién Nguyén Truong Giang, 1995. Pic diém dia chat thuy vin ving thi x4 bong
Ha, Nguyén Truong Giang 1999. Tai nguyén NDP tinh Quang Tri, Poan Vin Canh va Lé Tién
Diing, 2002. Quy hoach quan Ii, khai théc sir dung va bao vé tai nguyén NDD mién dong bing
tinh Quang Tri, chu bién Nguyén Thanh Son, 2008.

Cac nghién ctru trugc ndgm 2000, st dung chu yéu phuong phap khoan tuy dugc xem Ia chinh
xac nhat nhung c6 nhuoc diém vé thoi gian va kinh phi thuc hién, cling nhu khé khan trong diéu
chinh kha niing khai thac cho cac kich ban phét trién kinh té x4 hoi. Nhiing nghién ctru sau nim
2000 d4 tng dung mé hinh Visual ModFlow trong tinh toan, nhung con ¢ mét sb vin dé can dé
cap: Poan Vin Céanh (2002), chua tinh dén tac dong cua bién doi khi hau trong mo hinh tinh toén;
Nguyén Thanh Son (2008), méi tinh trit luong dong ty nhién, chua tinh téi trir lugng khai thac.
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Thong sé khi hau duoc sir dung dé danh gia trit lugng khai thac nuéce dudi dit. Theo kich ban
bién d6i khi hau, lugng mua hang nam ciia Quang Tri trong c4c thoi diém nam 2020, 2030, 2040
tang 1,6%, 2,4%, 3,3% so véi thoi ki 1980 - 1999 [2]. Vi lugng mua trung binh nam cua cac
tram khi twong ving ven bién Quang Tri két hop vai hé s6 ting lugng mua do bién ddi khi hau,
cho phép xéc dinh lwong mura ving ven bién sau 27 nam ké tir nim 2016 1a 2400 - 2500 mm/nam.
Luong béc hoi 1500 - 1600 mm/nam.

Dic diém dia hinh ty nhién va nhan tac 'Ving ven bién Quang Tri gép phin lam gia ting tac
dong tiéu cuc cua BDKH. Céc dai cat ven bién ndi cao s& bi x6i mon do muc nuGc bién dang, 1am
glam nguon tai nguyén nudc tang khong ap. H¢ thong duong ven bién Cat qua cac doi cét cling
gop phan lam suy giam ngudn nudc con cét. Hé thong dudng bo, duong Sat trén bé mat déng bing
ciing ty bién minh thanh nhimg dé nhén tao, tac dong phuc tap vao nguon tai nguyén nudc, ma
trude tién 1a nudc khdng ap. Tinh phan manh trong phéat trlen Ianh thd 1am suy giam kha ning tu
lam sach cua ty nhién ngay cang lam suy thoai hon ngudn nuéc khong ap duoc s dung lau doi
trong khu vuc. Thém vao do, dac diém cac séng vung ven bién Quang Tri c6 luong dong chay
bién d6i manh giira cAc mla ciing nhu giita cic nim nén it co kha ning d4p ng nhu cau phat trién
cua khu vyec.

Nhu vay, thyc tién phat trién trong bdi canh bién ddi khi hau va myc nu6ce bién dang cho
thay ngu0n nuéc khong ap tai ven bién Quang Tri chiu sirc ép manh, can thiét phai tim kiém giai
phap bén viing & cac tang chira nuéc khéc. Nghién cau lan dau tién xac dinh trit lugng khai thac
bén vimg c6 tinh d&én anh huong cua bién d6i khi hau thong qua lwong mua va cip do chi tiét 6
ludi tinh toan trong mé hinh dat téi mirc cao nhit so véi nhitng nghién ctru truge diy (50 m x 50 m).

2. No¢i dung nghién ciu

2.1. Phuwong phap nghién ciru

Viéc sir dung mo hinh Visual ModFlow trong nghién ctru NDD chua thuc sy phd bién ¢
nudc ta, boi vay trude khi &p dung mo hinh, ching toi gigi thiéu tong quét vé ban chét va tinh
ning mo hinh, 1am co s& &p dung trong nghién ctu. Nhiing thong sé khi hau dau vao mé hinh
duoc trich xuat theo kich ban bién déi khi hau; cac théng sé hiéu chinh mé hinh dua trén cac 15
khoan dé ¢6 ciing nhu quan tric cia dé tai.

Bo phan mém Visual Modflow bao gom ba phan mém chinh (Modflow, ModPath,
MT3D)va nhiéu mé-dun phy trg [3]. Phan meém Modflow dung dé tinh toan trir Iuong, chét
luong va phan bd dong chay ngam; Phan mém ModPath c6 chuc ning tinh huéng va téc do
cac duong dong khi né van dong xuyén qua hé théng céc I6p chira nuéc; Phan mém MT3D
phéi hop véi Modflow ¢6 chic nang tinh todn qua trinh khuéch tan va van chuyén cing
céc phan ung hod hoc khéc nhau cua cAc vat chat hoa tan trong hé théng dong chay ngam.
Trong nghién ctru ndy sir dung phan mém Modflow.

Thyc chat phan mém ModFlow la giai phwong trinh dao ham riéng vé sy bién thién do cao
muc nude dudi dét [3]:

a[T 8hj+8 T a—h +8[T ahj -W = Ss@

ax\ ™ ox) oyl Yoy) az\ %oz ot (1)
trong do Tu s Tyy, Tz la cac hé s dan nudge theo phuong x, y va z. Chiéu z 1a chiéu thang dang,
h 1a cét cao muyc nuéc tai vi tri (X, Y, 2) & thoi diémt, W la cac gia tri bé cap hay thoét cia nugc
NDB tai vi tri (X, y, z) & thoi diémt. W = W(X, v, z, t) 1a ham sé phu thudc thoi gian t va khong
gian (x, vy, z), Ss la hé s6 nha nuéc, Ss = Ss(x, Y, z), Kw = KX, Y, 2), Kyy = Kyy(X, Y, 2),
K. = Ky(X, y, z) cac ham phu thudc vao vi tri khéng gian x, y, z
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Dé giai phuong trinh (1), phai tim ham sé h(x, y, z,t) thoa man (1) va thoa man cac diéu
kién bién. Sy bién dong cua gi4 tri h theo thoi gian xac dinh ban chat dong chay, tir d6 tinh duoc
trit lugng lop chua nuéc va cac huéng dong chdy. Viéc tim loi giai gidi tich h(x, y, z,t)cua
phuong trinh (1) chi thyc hién dugc khi mién nghién ctu dugc md phong tuong minh bang ham
todn hoc. Tuy nhién trong thuc té, mién tham cé diéu kién rit phirc tap, do d6 nguoi ta budc
phai giai bang cac phuong phép gén dang. C6 nhidu phuong phép giai phuong trinh (1), va
trong md hinh Modflow str dung phuong phép sai phan hitu han theo 3 chiéu [4].

Céc diéu kién bién la tham sé khong thé thiéu trong tinh toan va dwoc chia thanh 3 nhom:
nhém bién theo phuong ngang (cac bién xung quanh caa mién tinh toan cha yeu I cac bién mo
ta sy gia nhap cua cac dong ngam tir cac vuing lan can); nhém bién “noi” trén bé mat (ddi tuong
va diéu kién cip/thoat nude dudi dit; muc nuéc khong ddi cua bién, ho lon; cac giéng hit hogc
ép nudc); nhom bién theo phuong dung lién quan téi cac yéu té khi tuong (Iwgng bdc thoat hoi
nudc va b cap).

2.2. Két qua nghién ciru danh gia trir lwong khai thac nwée duwéi dat

Danh gia trir luong khai théc bang phwong phap mé hinh s6 dya trén co s& giai phuong trinh
vi phan, st dung phuong phap sai phan hitu han theo 3 Chleu trong moi truong 15 hong khong
lién tyc. Hi¢n nay co nhiéu chuong trinh may tinh duoc viét dé gia quyét van dé nay, o day chung
toi str dung pham mém MODFLOW cua Cong ti Waterloo Hydrogeologic Hoa Ky di kém véi bo
phin mém Visual ModFlow. Noi dung nghién ciru duoc thuc hién qua cic buéc: md hinh héa
trudng tham; hiéu chinh md hinh phd hop véi hé thong giéng khoan d4 6 tir cac dé tai trudc day
va ctia d¢é tai [5] va dua ra két qua cia md hinh,

2.2.1. Mb hinh hoa trwang tham

Trén co s tong hop, phan tich tai liéu didu tra thim do dia chit, dia chit thuy vin tinh Quang
Tri tir true dén nay ching toi tién hanh md hinh hoa diéu kién dia chat thuy van ving nghién ciru
nhu sau:

* Trén binh do

Vung nghién ciru dugc gioi han phia Dong la bién, phia Tay la go ddi, dia hinh ¢6 xu hudng
doc vé phla bién. Phan trung tam dong bang 12 noi phat trién cua hai hé thong song, hé théng song
Bén Hai va hé thong séng Quang Tri. Céc tang chira nudc va cach nude déu c6 xu hudng déc vé
phia bién, viing nghién ctru dugc so d6 hoa nhu sau.

Bién gidi phia Pong tang chira nudc tiép sdc vai bién duoc md hinh hod 1 bién loai | voi
H = const. Cét cao muc nudc trén bién 1a H = 0 m.

O phia Tay, noi dia hinh ndi cao, cac tang chtra nudce 16 hong gdi 1én tang chira nude khe nit
khong ddng déu hé tang Long Dai dwgc md hinh hoa thanh bién loai 11. Bién c6 thé 1a Q = 0 hoic
Q = const, s& dugc chinh xac hoa bang viéc giai bai toan nguoc trén md hinh,

Hé théng séng Bén Hai va Quang Tri s& dugc so dd hoa thanh bién loai | hoic bién loai Il
tuy thudc vao két qua chinh Ii bai toan nguoc.

* Trén mat cdt

Mat cit nghién ciru dwoc md hinh hoé thanh hé thong gébm 5 16p chira nude va cach nuée [1].

Lép 1 la tAng chira nude Holocen bao gdm toan bo tram tich phan bb khang lién tuyc.
Thanh phan thach hoc la cat thach anh mau xam tring, xam vang, céat bot ngudn géc bién, song,
song bién, gi6 bién. Chiéu day tir 2,5 dén 20 m, trung binh 12 m. Hé sb tham bién déi tir 0,47 dén
16,31 m/ng, trung binh 5,22 m/ng, Hé s nha nuoc trong luc 0,005.

Lép 2 1a 16p cach nudc yéu tram tich Holocen phan bé khong lién tuc. Thanh phan gém cha
yéu la sét, sét bot mau vang, cat bot mau xam den ngudn goc séng bién amQ,**, amQ,’?
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Chiéu day thay ddi 10 - 20 m, trung binh 15m, h¢ s6 tham rat nho tir 0,0001 - 0,001 m/ng, hé sé
nha nudc 0,0001.

Lép 3 la tang chira nudc gom tram tich théng Pleistocen phan bé lién tuc trén toan ving
nghién ctu. Thanh phan thach hoc gdm cét thach anh mau xam trang, xam den, cat 1dn san mau
vang, cudi soi, cat sét ngudn gbc song, bién, song bién mQ.%, mQ,*, aQ,, aQ;' va amQ,’. Chiéu
day tir 10 - 25 m, hé s6 thim thay ddi tir 2,04 - 30,95 m/ng, trung binh 9,2 m/ng, hé s nha nuéc 0,0085.

Lép 4 la tang chira nuéc tram tich Neogen phan b khong lién tyc. Thanh phan thach hoc
gom cét lan sét, cat hat thd mau xam trang, xam tro, san Sol. O trung tam c6 chiéu day lon kéo dai
ra bién, phia Nam va Bic tang chira nu6c ¢ chiéu day rat mong hozc bi bao mon toan bo. Chiéu
day bién ddi tir 10 dén 60 m. Hé s6 tham thay ddi tir 8,06 - 37,69 m/ng, trung binh 15,53 m/ng, hé
sb nha nuéc 0,03.

Lép 5 16t dudi tang chira nuéc Neogen la trim tich O; - S; hé ting Long Pai. Thanh phan
thach hoc 1a cét két, bot két chira nude khong lién tuc, phu thudc vao su phét trién cac hé théng
dut gdy. Trong giGi han ddng bing chua co 16 khoan ndo gap nuéc trong tang nay nén dugc so do
hoa thanh I6p cach nudc.

* Lwéi sai phan

Str dung ludi sai phan dang 6 vudng 250 x 250 m véi 5 ludi tuong tng 5 16p theo mat cat
dirng, phu toan b dién tich viing nghién ciru khoang 1200 km? Nhiing vi tri can nghién ctu chi
tiét hon dwoc st dung ludi nho hon, kich thugc 50 x 50 m.

* Yéu té dja hinh

Céc yéu té vé dia hinh gom cdt cao bé mat dia hinh, cét cao day cac 16p ting chira nuée dugc
ldy trén co sé ban dd dia hinh ti 1& 1:50000 hé toa d6 va cao d nha nudce, do cao va toa do cac 15
khoan thim do dja chat, dia chit thuy van, cta cac phuong an trude day.

* Yéu té khi twong, thuy vin

Gié tri bd cap cua lugng mua va bdc hoi 1dy theo tai liéu quan tric cia tram khi tugng thuy
van Dong Ha. Cac gia tri dua vao md hinh dugc lay theo s6 liéu trung binh 41 nam (1973-2013)
cua cAc yéu té khi tuong, Véi gid tri tong lugng mua trung binh nam 1a 2366,7 mm/ndm; luong
boc hoi trung binh nam 1303,9mm/ndm [2]. Myc nudc trén cac song dugc lay theo s6 liéu quan
tric cua cac tram thuy van Bén Hai, Pong Ha, Thach Han, Quang Tri [3].

A Zore | Kxfws] | Kyfws] lIm/l
HH) 1 WSz sz

O CUV G m‘ ( IIIJV

1

3 92 2
4 (553 1553 VSSZ
5 25 25

Vung ngoai mién tinh

Hinh 1. Se' d hinh chiéu bang mang séng suéi va hé sé thdm K viing nghién cizu
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Mt cat nghién ciu dugc mé hinh hoa thanh hé thong gom 5 I6p chira nuée va cach nuéc
(Hinh 2 va H‘!nh 3). Hé so tham va hé s6 nha nuéc duoc lay tir so liéu cia Bao cdo tim kiém
NDD vung Ho X4, Bong Ha, Tay béng Ha, Gio Linh [6-8].
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Hinh 3. Mgt cit ngang (B-B) trén md hinh theo h¢ sé thdm K

2.2.2. Hiéu chinh m6 hinh

Trudc khi d bao trit lugng khai thac NDD, ching toi tién hanh giai bai toan nguge dé chinh
xac hoé cac thdng sb dia chat thuy vin d& dugc xac dinh bang thi nghiém thim ¢ ngoai troi, kiém
tra cac bién va diéu kién bién da cho.

Do diéu kién tai liéu khong cho phep, ¢ day ching t6i chi tién hanh giai bai toan nguoc 6n
dinh dé chinh Ii hé s6 thAm va diéu kién bién. Hé s6 nha nudc dugc lay theo tai lidu hut nuéc thi
nghiém chim cia phuong 4n thim dia chit thiy van trudc ddy, dong thoi do vang nghién ctu
khong c6 mang lugi quan tric dong thai muc NDD, nén muc nude dua vao mé hinh dé chinh 1i
chaing t6i 1iy theo myc nuéc tinh do duoc tai cac 16 khoan thim do dia chat, dia chét thuy van tur
cac phuong an thim do trude day [9, 10] va liy theo két qua cua dot khao sat thuc dia méi nhat
nam 2016 cua dé tai [5]. Sau d6 dwa vao cbt cao bé mat dia hinh tir d6 tinh chuyén tir myuc nudc
tinh sang ¢t cao muc nudc cia tang chira nude dé chinh I

Bai toan nguoc 6n dinh dwoc giai bing phwong phap thir din. Ban dau dua cac sb liéu dau
vao gém hé sb thAm, lwong mua, boc hoi va diéu kién bién. Sau do tién hanh chay md hinh dé
cho ra két qua phan b muc nuéc. So sénh myc nudc nhan duoc trén mé hinh véi muc nude quan
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tric duoc & ngoai thuc té, néu sai sé glua mo hinh véi thuc té vuot qua gié tri cho phép thi lai lap
lai tir dau, bang cach thay dol gié tri cac thong s6 tham va diéu ki¢n bién. Qua trinh Iap di lap lai
nhiéu lan dén khi nao sai sb gitra muc nudc trén md hinh va thuc té dat dugc gia tri cho phép thi
dirng lai va két thic bai toan. Trong qua trinh giai bai toan nguoc 6n dinh, bién phia Ty dwoc gan
cho diéu kién Q = const.

Nghién ciru nay da sir dung 20 156 khoan dé hiéu chinh. Do cac 15 khoan nay phai_phan
bé theo phuong ngang va theo phuong thing dung trén cac tang chira nudc va ngu0n SO
liéu c6 han nén khong lay dugc theo cung mét thoi diém, & cling mot béo co tim kiém NDD
ma lay theo cac bao cao tim kiém NDBD cia cac phuong an tham do trude day [9, 10] va 1ay theo
két qua cua dot khao sat thyc dia méi nhit nam 2016 cia dé tai [5]. Bo théng sé can hiéu
chinh bao gdm hé sé tham theo phuong ngang va phuong thing ding. Muc nuéce tinh toan
cua md hinh dugc so sanh voi tai liéu thuc do vé muc nuGce trong cac 16 khoan. Két qua tinh toan
duoc trinh bay trén (Bang 1) va (Hinh 5), vai sai s6 RMS 1 10.83 %, dat yéu cAu.

Bdng 1. Mec nwéc ngam trong lé khoan quan sét va |6 khoan tinh toan

Ki hicu 13 Toa d9 16 khoan Ld khoan I_,(’) khoan

Stt Khoan guan sat tinh toan
X Y (m) (m)
1 LK604 716972 1894003 0.80 8.50
2 LK610 713245 1888710 1.75 1.80
3 LK404 710490 1891436 1.90 1.95
4 LK608 724179 1884229 1.00 1.10
5 LK605 716725 1880314 2.00 1.70
6 LK405 725194 1870163 3.00 3.50
7 LK423 732691 1863108 2.10 1.70
8 LK424 739057 1858975 2.00 2.40
9 LK429 728761 1855916 4.00 3.54
10 B 744423 1852189 2.20 2.35
11 VB 748004 1854321 1.70 1.40
12 VB 739188 1853189 3.00 2.60
13 QT3 718821 1869858 3.00 3.30
14 QT11 722461 1871802 2.20 2.00
15 QT 723577 1871584 2.10 1.80
16 LK432 726376 1873339 2.20 2.50
17 QT14 726695 1869090 2.10 2.45
18 VA 741646 1854313 2.10 2.40
19 A 742980 1848571 3.00 2.75
20 A 745677 1851689 2.00 2.10
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Gia tri chénh léch gigi han cho phép dugc xéac dinh tir cac sai sb:

- C4c sai sb tir s6 lidu nhap vao md hinh do do bang may GPS cim tay: d6 cao mat dit, do
cao myc nudc, dd cao mai, day cling nhu chiéu day tang chira nugc, hé s6 tham nam ngang va

thiang dung... lay sai s6 = 0,3 m;

- Céc sai s6 trong tinh toan cac thanh phan can bang nuéc do sai sb tir lvgng mua, luong

béc hoi, lrong nudc cung cap tir sdng, dd cao muc nudc gan & cac bién Iy = 0,2m.
V&1 nhan xét nhu trén thi gid tri chénh Iéch cho phép 1a £ 0,5m.

Calculated vs. Observed Head

[ QT11/A

3
1

Observed = 2.20 Calculated = 2.74 |+~

Calculated Head (m)
2
1

B Layer #3
* Layer #4
- 95% confidence interval
- 95% interval

2
Observed Head (m)
Num. of Data Points : 20
Max. Residual: 0.535 (m) at QT11/4
Min. Residual: 0.036 (m) at LK404/4
Residual Mean : 0.185 (m)
Abs. Residual Mean : 0.305 (m)

Standard Error of the Estimate : 0.066 (m)
Root Mean Squared : 0.347 (m)
Normalized RMS : 10.831 (% )

Correlation Coefficient : 0.93

Hinh 5. Sai sé mue nwéc tinh toan trong cac 16 khoan quan trdc.

2.2.3. Két qua danh gia trir lwrong Khai thac nuée dwoi dat

Str dung bién luong mua, bdc hoi theo kich ban bién ddi khi hau, hiéu chinh md hinh dua
theo tai liéu 15 khoan d4 c6 két hop véi bd sung cua dé tai, va thay déi tir 3 cum 13 khoan
(Poan Vian Céanh, 2002) sang 2 cum 15 khoan cho thiy két qua ranh gigi xam nhap man dugc
giam di trung binh tir 200 - 500 m, rat c6 y nghia trong béi canh muc nudc bién dang. Céc két qua

cu thé caa mo hinh gom:
* B tri cum 16 khoan
Duya vao sy phan b va dic diém tang chira nudc trién vong, dya vao dic diém phan bé dan
cu, dya vao nhu cau sir dung nudc cia dia phuong, tang chia nudc Pleistocen - Neogen dugc khali
théc bai 2 bai giéng tap trung véi cong suat khai thac dwoc trinh bay trong Bang 2 va Hinh 6.

Bdng 2. Thiét ké khai thac bai giéng Gio Linh va Hdi Ling

Stt Tén béi giéng S6 lwgng LK | Cong suit khai thac
khai thac m°/ngay

1 Gio Linh 11 17600

2 Hai Lang 30 60000
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Hinh 6. Se' dé bé tri cac bai giéng khai théc trong tang chita nuwéc
Pleistocen - Neogen vitng dong bang tinh Qudng Tri

Nhu vay, mang lu6i bé tri cac 16 khoan khai thac trén bi gleng Gio Linh dugc gilr nguyén
nhu bai giéng hién tai gom 11 15 khoan khai thac (LKKT) dugc bé tri trén hai tuyén song song.
Khoang céch gitra cac LKKT va giira cac tuyén LKKT 12 500 - 700 m, véi cdng suat khai thac
giai doan dau 12 17600 m*/ngay. CAc giéng khoan khai thac dwoc ki hiéu 1a G.

Bi giéng Hai Lang dugc bd tri méi gom 30 LKKT trén ba tuyén song song véi truc duong
tinh 16 chay gitra dong bang. Khoang céch gitra cac LKKT va giira cac tuyén LKKT [a 900 - 1000 m.
Cong suét khai thac cua bai giéng nay 1a 60000 m*/ngay. Céc giéng khoan khai thac dugc ki hiéu
la Q (Hinh 6).

* Ddnh gid bién dpng muc nwéc

Két qua du bao trir lugng khai thac va bién dong cbt cao muc nude dong trong thoi doan 27
nam véi cac chu ki 3 nam duoc trinh bay trong Bang 3 va bién dong cét cao myc mude dong
trong khdng gian 14nh thd & c4c thoi diém 12 va 27 nam trong Hinh 7.

Bdng 3. Cét cao mure nwée dgng tinh toan trong cac 16 khoan khai thac
(trwong hep bién Q = const)

C6t cao myc nude dong tinh toan (m) cét cao
SH LK Lu'ualu'qng 6 24 MN cho
(m°/ng) 3 nim im 9 nam 12ndm | 15nam | 18 ndm | 21 ndm im 27 nam phép
Gl 1000 -1.61 -3.76 -4.94 -5.65 -6.09 -6.38 -6.56 -6.69 -6.78 -8,19
G2 1700 -5.68 -8.04 -9.24 -9.94 -10.38 -10.65 -10.82 -10.94 -11.02 -16,33
G3 1700 -5.68 -8.04 -9.24 -9.94 -10.38 -10.65 -10.82 -10.94 -11.02 -16,33
G4 1700 -6.58 -8.90 -10.05 -10.73 -11.14 -11.40 -11.57 -11.68 -11.76 -20,18
G5 1700 -6.58 -8.90 -10.05 -10.73 -11.14 -11.40 -11.57 -11.68 -11.76 -20,18
G6 1700 -4.58 -6.75 -7.84 -8.47 -8.85 -9.10 -9.25 -9.36 -9.43 -23,15
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Cbt cao myc nude dong tinh toan (m) cét cao

SH LK [Py luong 6 24 MN cho
(m*/ng) 3 ndm im 9 nam 12 ndm 15 nim 18 ndm | 21 ndm im 27 ndm phép

G7 1500 -5.58 -7.79 -8.95 -9.64 -10.07 -10.34 -10.52 -10.63 -10.72 -13,77
G8 1500 -5.58 -7.79 -8.95 -9.64 -10.07 -10.34 -10.52 -10.63 -10.72 -13,77
G9 1700 -6.26 -8.45 -9.56 -10.22 -10.62 -10.88 -11.05 -11.16 -11.24 -23.15
G10 1700 -6.26 -8.45 -9.56 -10.22 -10.62 -10.88 -11.05 -11.16 -11.24 -23,15
G11 1700 -4.09 -6.14 -7.19 -7.80 -8.18 -8.42 -8.58 -8.68 -8.76 -21,50
Q1 2000 -16.97 | -13.37 -11.82 -11.12 -10.67 -10.45 -10.37 -10.39 -10.46 -20.00
Q2 2000 -15.01 | -12.13 -11.25 -11.02 -10.94 -11.02 -11.19 -11.37 -11.57 -19.50
Q3 2000 -12.97 | -10.36 -9.98 -10.23 -10.47 -10.76 -11.10 -11.49 -11.88 -19.30
Q4 2000 -11.83 | -9.18 -8.75 -9.12 -9.60 -10.18 -10.77 -11.44 -12.09 -18.50
Q5 2000 -11.43 -8.70 -7.84 -8.06 -8.51 -9.34 -10.18 -11.07 -11.94 -17.50
Q6 2000 -11.37 | -8.54 -7.69 -8.06 -8.60 -9.46 -10.30 -11.19 -12.06 -17.00
Q7 2000 -11.90 | -9.19 -8.78 -9.30 -9.86 -10.61 -11.29 -11.97 -12.64 -17.50
Q8 2000 -13.49 | -10.88 -10.45 -10.58 -10.84 -11.28 -11.71 -12.17 -12.65 -17.40
Q9 2000 -15.81 | -12.80 -11.70 -11.35 -11.31 -11.46 -11.63 -11.87 -12.15 -16.50
Q10 2000 -18.48 | -15.00 -13.24 -12.58 -12.22 -12.17 -12.17 -12.20 -12.29 -18.50
Q11 2000 -17.73 | -14.72 -13.62 -13.20 -12.95 -12.87 -12.87 -12.87 -12.97 -17.50
Q12 2000 -15.35 | -13.80 -13.36 -13.29 -13.29 -13.45 -13.70 -13.96 -14.24 -15.70
Q13 2000 -13.49 | -12.23 -12.24 -12.61 -12.98 -13.43 -13.94 -14.42 -14.90 -15.80
Q14 2000 -12.77 | -10.16 -9.73 -10.07 -10.57 -11.16 -11.75 -12.36 -12.95 -16.00
Q15 2000 -11.45 | -8.74 -8.33 -8.85 -9.38 -10.15 -11.00 -11.79 -12.58 -16.50
Q16 2000 -11.57 | -8.73 -7.88 -8.25 -8.75 -9.57 -10.50 -11.37 -12.22 -17.00
Q17 2000 -11.62 | -8.95 -8.32 -8.81 -9.44 -10.28 -11.05 -11.80 -12.54 -17.50
Q18 2000 -12.82 | -11.30 -11.31 -11.59 -11.83 -12.19 -12.62 -13.02 -13.44 -18.00
Q19 2000 -14.86 | -12.93 -12.27 -12.16 -12.16 -12.31 -12.48 -12.66 -12.88 -18.50
Q20 2000 -16.99 | -14.02 -12.69 -12.12 -11.75 -11.61 -11.61 -11.61 -11.68 -19.50
Q21 2000 -17.27 | -13.62 -12.11 -11.45 -11.03 -10.81 -10.73 -10.72 -10.74 -19.00
Q22 2000 -15.94 | -13.04 -11.94 -11.47 -11.20 -11.10 -11.02 -11.10 -11.23 -18.50
Q23 2000 -14.28 | -11.18 -10.31 -10.15 -10.10 -10.27 -10.44 -10.78 -11.19 -17.00
Q24 2000 -13.56 | -9.86 -8.56 -8.49 -8.69 -9.31 -9.90 -10.57 -11.24 -16.50
Q25 2000 -12.70 | -8.57 -7.06 -7.11 -7.54 -8.37 -9.22 -10.11 -10.98 -16.00
Q26 2000 -12.64 | -8.84 -7.77 -7.94 -8.46 -9.29 -10.14 -11.03 -11.87 -15.80
Q27 2000 -13.11 | -9.69 -8.84 -9.12 -9.64 -10.33 -11.01 -11.69 -12.34 -15.70
Q28 2000 -14.35 | -11.31 -10.67 -10.83 -11.12 -11.60 -12.02 -12.48 -12.94 -15.60
Q29 2000 -16.36 | -13.30 -12.21 -11.90 -11.79 -11.93 -12.10 -12.40 -12.73 -16.00
Q30 2000 -18.40 | -14.63 -13.09 -12.42 -11.97 -11.78 -11.70 -11.72 -11.79 -18.50

Theo két qua tinh toan dwa ra & (Bang 3) va cac duong ddng chiéu sau ha thip muc nudc tir
(Hinh 7), chiéu sau ha thAp muc nuée tinh toan vao céc thoi diém khai thac, nhét 1a thoi diém khai
théc 1au nhat 1a sau 27 ndm déu nho hon gi tri cho phép. Nhu vay cong suat thiét ké cua cac 15
khoan khai théc 1a cd thé chip nhan duoc 1am trit lwong khai théc nuée bén vitng cho viing nghién ciu.
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Hinh 7. Cét cao Mure nuwde dpng tinh todn sau 12 nam (trdi) va 27 nam (phdi) khai thac

3. Kétluan

Nudc dudi dit ting chira Pleistocen va Neogene & ngudn c6 thé dap ing nhu cu phét trién
kinh té x& hoi cua Vung ven bién Quang Tri, trong khi nudc cac ting khdng ap bi anh hudng ngay
cang nang né hon cua bién dbi khi hau va muc nuéc bién dang.

banh gia trir luong khai thac thong qua mé hinh ModFlow 1a mét phuong phap con khd méi
& nudc ta, tiép can 'v6i huéng nghién ctu hién nay trén thé gigi. Mé hinh dugc van hanh véi cac
bién khong gian, ciu tric dia chat va dic tinh cac 1op dét da, ciing nhu cic tham s hiéu chinh tir
céc giéng khoan va cua quan tric caa dé tai [5], cling véi cac thong tin vé nhu ciu sir dung nudc
hién tai ciing nhu trong cac quy hoach 1a co s6 dé xuat bd tri 41 giéng khoan phan b6 trong 2 cum
tap trung ¢ Gio Linh va Hai Lang. P4 x4c dinh dugc luu lugng khai thac nudc bén viing cua vung
nghién ctu la 77600 m®ngay dém. Theo kich ban nay, sau 27 ndm, myc nuéc & vung cap nu6e
van con & do sau -10 m (chua dén mai ting chira nudc ¢6 ap Pleistocen}, 1a dam bao an toan cho
tang chira. Dong thoi vai kich ban trén, da xéac dinh ¢t cao muc nude dong & ting giéng khoan
sau mdi 3 nam khai thac trong chu ki 27 nam.

Trong nghién ctu ndy, yéu tb bién déi khi hau méi chi tinh toi sy chi phol cua lugng mura,
tuy nhién dnh huéng cua myc nusc bién dang ciing cAn dugc danh gia do thiéu hut tai liéu Ve muc
bién dang va anh huéng cua chling téi cac tang chira nudc. Vi vay, nhitng nghién ctu tiép theo
can dugc trién khai nhiam danh gia toan dién anh huong cua bién déi khi hau téi kha ning khai
théc bén viing nude dudi dat vang ven bién.

Loi cdm on. Thay mit tap thé tac gia xin chan thanh cam on dé tai “Nghién ciu danh gid tai
nguyén nudc dudi dat va xdc dinh cac phuong dn khai thac hop i ddi ven bién tinh Quang Tri”
cap Vién han 1am Khoa hoc va Céng nghé Viét Nam da ho trg ching tdi thuc hién nghién ciru nay.
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ABSTRACT

Sustainable mining underground water resources of Quang Tri coastal in the context
of climate change and sea-level rise

Nguyen Son' and Tong Phiic Tuan’
'Department of Groundwater Resources, Geography Institute, VAST
Department of Geomorphology and Geodynamic, Geography Institute, VAST

Climate change and sea level rise caused many challenges in the management and
exploitation of groundwater resources to ensure sustainable development, especially in coastal
areas. Quang Tri coastal areas with particularly important role in socio-economic development
and evaluating a comprehensive resource to organize sustainable fishing in the context of rising
sea levels is in place is crucial. Using Visual Modflow model determine water flow sustainable
exploitation of the study was 77 600 m*/day, exploitation wells in 2 clusters and determine the
water level lowered in each well drilled after every 3 years of operation in 27-year cycles. The
first time the subject has taken into account the effects of climate change the possibility of
sustainable exploitation of underground water resources.

Keywords: Mining reserves (Qkt), underground water (groundwater), geology and hydrology
(hydrogeological).
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