KHOA HOC CONG NGHE

DU BAO KHA NANG XAM NHAP MAN TOI

CAC CONG TRINH KHAI THAC NUOGC BANG MO HINH

MODFLOW CUA DAI VEN BIEN TiNH QUANG TRI

Nguyén Son', Ding Xuén Phong?, Trinh Ngoc Tuyén!

TOM TAT

Mot trong nhieng tac dong chinh do khai thac nuoe dudi dat (NDD) gay ra 1a di chuyén vat chat trong ting
chita nude. Qua trinh khai thac nudc da 1am tang tri s6 ha thap muc nuée va t6c do van dong ctia NDD.
Diéu nay din dén su di chuyén nuéc tir noi c6 do téng khoang hoa cao tir viing ranh gi¢i nude man va nuoce
nhat, cac nguon nieéc man, v.v...dén cong trinh khai thac nuée. Trong nghién ctru nay da tmg dung mé
hinh MODFLOW dé du bao sy di chuyén ranh giéi nuirée min va nude nhat cia ca hai ting chia nude
Pleistocen (gp) va Neogen (m) do khai thac NDD dén céng trinh khai thac nudc dai ven bién tinh Quang
Tri bang phuong phap mé hinh 3 chiéu MT3D ciia Cong ty Waterloo Hydrogeologic Hoa Ky di kém véi bo
phan mém Visual ModFlow. K&t qua trong nghién ctu nay da chi ra dugce bién nong d6 téng khoang héa M
= 1000 mg/1da dich chuyén vao gan cong trinh khai thac nwée ché tién vao sau nhat khoang 700 m va dien
tich xd&m nhép man 1on nhit dén tang chita nwoe do cac 16 khoan khai thac gay ra & thoi diém 27 nim tang
lén khoang 12,35 km?, tuy nhién téng khoang hoa ctia nuoe hiit 1én trong cic 16 khoan khai thac tang len
trong khoang tir 164,70 dén 168,75 mg/1, nho hon nhiéu gia tri cho phép (gia tri cho phép < 1000 mg/D) dat

yéu cau cap nudc cho sinh hoat.

T khéa: Tri heong khai thic, nide duwoi dat, dia chat thuy van,

1. GIOT THIEU MO HiNH MODFLOW

Bé phan mém Visual Modflow bao gdém ba
phan mém chinh va nhiéu mo-dun phu tro [1].
Phan mém Modflow ding dé tinh toan trir lwong,
chét lwong va phan b6 dong chay ngam. Phan mém
ModPath c6 chttc nang tinh huong va toc do cac
duong dong khi no van dong xuyén qua hé
thong cac 1ép chira nude. Phan mém MT3D phéi
hop voi Modflow co chitc ning tinh toan qud
trinh khuéch tdn va van chuyén ciing cac phan
tmg hoa hoc khac nhau ctia cac vat chat hoa tan
trong hé théng dong chay ngam.

Trong nghién cttu nay chil yéu st dung phan
mém MT3D dé di bao kha nang xam nhap man toi
cac cong trinh khai thac nudc.

2. GI01 THIEU VUNG NGHIEN CUU

Khu vue nghién ciu la déi ven bién tinh Quang
Tri bao gom 4 huyén ven bién (Vinh Linh, Gio Linh,
Trieu Phong, Hai Lang) va TX. Quang Tri dugce gidi
han vé phia Pong béi Bién Dong, phia Tay la ving
g0 doi, phia Nam 1a ranh gi6i voi tinh Thita Thién
- Hué, phia Bac 1a ranh giéi véi tinh Quéng Binh.

' Phong Tai nguyén Nude dudi dat, Vién Dia 1y, Vién Han
lam Khoa hoc va Céng ngh¢ Viét Nam

Trong nhitng nam gan day da cé nhiéu cong
trinh nghién cu NDB trong khu vue, ciing nhu bao
trum ca khu vuwc nghién ciru, nhitng cong trinh
nghién cttu dién hinh d6 1a; Tim kiém nude duoi dat
Tay Pong Ha (cha bién Lé Quang Manh, 1990),
tham do nuéc du6i dat ving Gio Linh (chi bién
Nguyén Truong Giang, 1995), dac diém dia chat thuy
van ving thi xa Pong Ha (Nguyén Truong Giang,
1999), tai nguyén nuéc dudi dat tinh Quang Tri
(Poan Van Canh va Lé Tién Ding, 2002), quy hoach
quan ly, khai thac str dung va bao vé tai nguyén nudc
dudi dit mién dong bang tinh Quang Tri (cht bién

Hinh 1. So dé ving nghién ctru
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Tuy nhién cac cong trinh nghién ctru néu trén
déu chua lam 6 qua trinh xdm nhap man dén cac
cong trinh khai thac nuéc dudi dat, vi vay trong
nghién ctru nay da ang dung phuwong phap mé hinh,
day la mot phuong phap c6 hiéu qua dé du bao su di
chuyén ranh gi¢i nuéc man va nuée nhat do khai
thac NDD dén cong trinh khai thac nudc dai ven
bién tinh Quang Tri.

3. AP DUNG MO HINH MODFLOW BE DU BAO QUA TRINH
KAM NHAP MAN

3.1. M6 hinh ho4 truomg tham

Toan b ving tinh toan c¢é dién tich khoang 1200
km?* phan viing nghién ctu ra thanh mang luoi cac 6
vuong voi kich thudc méi 6 1a 250 x 250 m. Déi voi
nhtmg vi tri can nghién ciru chi tiét hon thi chia
mang ludi thanh cac 6 vuong véi kich thude nhé hon,
mdi 6 1a 50 x 50 m.

Trudmg tham trén mat bing va trén mat cat duoc
mé6 phong nhu sau: bién phia Pong tang chita nuwdc
tiép xuc voi bién duwge mo hinh hoa 1a bién loai I voi
H = const. Cot cao mue nude trén bién 1a H = 0 m.

O phia Tay, noi dia hinh nui cao, cac tang chita
nude 16 hong goi lén tang chia nuoce khe nitt khong
dong déu heé tang Long Pai duoc mo hinh hoa thanh
bién loai II. Bién ¢6 thé 1a Q = 0 hoac Q = const, sé
dugc chinh xac hoa bang viéc gidi bai toan nguoc
trén mé hinh.

Hé thong song Bén Hai va Thach Han sé duoc
so d0 hod thanh bién loai 1 hodac bién loai IIT tuy
thudc vao két qua chinh ly bai toan nguoc.
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Hinh 2. So d6 hinh chiéu bing mang séng sudi va
hé s6 thdm K viing nghién ciru
Mat cit nghién ctru duoe méd hinh hoa thanh hé
thong géom 5 lép chaa nude va cach nude yéu (hinh 3
vad).

T
oz o

Hinh 4. Mit cit ngang (B-B) trén mé hinh theo hé s8
thdm K

Lop 1 1a tang chira nu6e holocen bao gém toan
b¢ tram tich phan bé khong lién tuc. Thanh phan
thach hoc 1a cat thach anh mau xdm tring, xam vang,
cat bot ngudn goc bién, song, song bién, gié bién.
Chiéu day 2,5 dén 20 m, trung binh 12 m. Hé s6 thdm
bién doi tir 0,47 dén 16,31 m/ng, trung binh 5,22
m/ng, hé sé nha nudce trong luce 0,005.

Lop 2 Ta 1op cach nuwoc yéu tram tich holocen
phan b6 khong lién tuc. Thanh phan gém cha yéu la
sét, sét bot mau vang, cat bot mau xam den nguodn
goc song bién amQ,**, amQ.". Chiéu day thay déi 10 -
20 m, trung binh 15 m, hé s6 tham rat nho 0,0001 -
0,001 m/ng, hé so6 nha nuoc 0,0001.

Lop 3 1a tang chira nuoc gom tram tich théng
pleistocen phan bé lién tuc trén toan ving nghién
ctiu. Thanh phéan thach hoc gém cat thach anh mau
x4m trang, xam den, cat 1an san mau vang, cudi soi,
cat sét ngudn goc song, bién, song bién mQ,% mQ,’,
aQ,, aQ,! va amQ,". Chiéu day 10 — 25 m, hé so tham
thay doi 2,04 - 30,95 m/ng, trung binh 9,2 m/ng, hé
s6 nha nuoc 0,0085.

Lop 4 1a tang chia nude tram tich neogen phén
b6 khong lien tuc. Thanh phan thach hoc gém cat lan
sét, cat hat tho mau xam trang, xam tro, san soi. O
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trung tam c6 chiéu day 16m kéo dai ra bién, phia Nam
va Bac tang chira nuoc co chiéu day rat mong hoic bi
bao mon toan bg. Chiéu day bién déi tir 10 dén 60 m.
Hé s6 tham thay déi 8,06 - 37,69 m/ng, trung binh
15,53 m/ng, hé s6 nha nuoc 0,03.

Lop 5 16t dudi tang chia nuoc neogen 1a tram
tich O, - S, hé tang Long Dai. Thanh phan thach hoc
la cat két, bot két chia nude khong lién tuc, phu
thuoc vao si phat trién cac hé thong dat gay. Trong
giéi han dong bang chua cé 16 khoan nao gip nude
trong tAng nay nén duoc so do hoa thanh lép cach
nude.

Heé s6 thim va hé s6 nhad nudc duoe ldy tit s6
litu ctia bao cao tim kiém nuéc duoi dat ving Hé X4,
Dong Ha, Tay Dong Ha, Gio Linh[2], [3], [4].

beoi voi diéu kién bién, ngoai diéu kién bién loai
[, loai II va loai III d6i voi bai toan trix luwong, thi & bai
toan danh gia dich chuyén bién man con ¢6 thém cac
diéu kién bién nguén bé cap, ranh gidéi nhiém man.
Trong bai todn nady mo phéng diéu kién bién gom
Bién Dong véi d6 tong khoang hoa M = 3500 mg/I,
mot dai gan ctia song Thach Han voi M = 1000 mg/1
va mot vai khu vuc bi nhiém man voi M = 1000 mg/1
(hinh 5).

Gia tri bé cap ctia luong mua va boc hoi 14y theo
tai litu quan trac ctia tram khi twong thuy vian Dong
Ha. Céc gia tri dua vao moé hinh dugc 1ay theo sé liéu
trung binh nhiéu nam ctia tram. Lwong mua trung

binh nhiéu nam 21484 mm/nam. Luong boc hoi
trung binh nhiéu nam 1432,1 mm/ndm. Myc nudc
trén cac song dugc lay theo so liéu quan trac cia cic
tram thuy van Bén Hai, Péng Ha, Thach Han, Quang
Tri. S6 liéu duoc dua vao mé hinh sé duoc chinh ly,
chon lua trong qua trinh giai bai toan.

Khong xét toi dién bién xam nhap min theo
duong nudc mat (séng, sudi), gia tri thay doi ctua
thiy triéu béi vi tang chita nuéc khai thac 1a tang
chita nuée pleistocen va neogen 1a hai tang chua
nuée ¢d ap va nam rat sau nam dudi lép cach nude
yéu trim tich holocen & bén trén nén hai ting chira
nuoe khai thac khong ¢6 quan hé thay hee véi tang
chta nude trén mat va cang khong cé quan hé thiy
lue voi mang séng subi.

Hinh 5. Piéu kién bién néng d6 (M) khi gidi bai toan
dich chuyén

3.2. Hiéu chinh mé hinh

Béng 1. Ham luong tdng khoang hda trong 16 khoan quan sat va 16 khoan tinh toan
Ky hiéu 16 L6 khoan quan L6 khoan tinh

s khoan x X sat (mg/1) toan (mg/1)

1 ITA 743304 1849259 550 503,66

2 ITIA 746001 1852377 1000 966,63

3 LK404 710815 1892124 145 129,85

4 LK405 725519 1870851 260 239,75

5 LK424 739382 1859663 370 339,71

6 LK429 729086 1856604 300 279,79

7 LEK604 717297 1894691 243 199,69

8 LK608 724504 1884917 155 124,86

9 LK610 713570 1889398 225 209,77

10 N4 721937 1873658 120 109,93

11 N5 720811 1880957 124 99,8863

12 N6 717085 1876842 140 1349

13 N7 710112 1887476 130 119,91

14 N& 711389 1895663 175 149,84

15 QT14 727020 1869778 135 119,87

16 QT3 719145 1870547 10 9

17 VA 741970 1855001 900 833,29
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| Hmh 6 So' dd 16 khoanquan st
va 16 khoan tinh toan

Trong do (hinh 7): Confidence interval: khoang tin cdy (nhimg mau ndam trong khodng ndy ma do thi mo
hinh tinh todn dua ra co do tin cdy = 95%); Nor RMS: sai s6 qudn phuong chudn hoa = 2,.95%

Mo hinh di chuyén vat chat ba chiéu MT3D
duoc gidi trén co s két qua 1oi giai bai toan dong
chay (FLOW). Chinh vi vay cac thong s6 truong
thim van dugc gitt nguyén va két hop véi mot so
théng so sau:

- Nong do tong khoang hoéa ban dau duwoc lua
chon & day can cir vao s6 liéu trung binh cta cac mau
quan trac ctia ca hai tang chira nuoc pleistocen (qp)
va neogen (m), theo cac tai liéu ctua cac phuong an
nghién ctu trude day [5], [6] va lay theo két qua cua
dot khao sat thuc dia moi nhat nam 2016 [7]. Trong
truong hop bai toan du bao dich chuyén khu vue nay
thi gia tri nong d6 tong khoang hoa ban dau con ¢6 y
nghia 1a nong dé danh dau ban dau dé theo doi su
bién ddi nong d¢ theo thoi gian ctia chiing.

- 86 lieu céc 16 khoan quan trac duge dua vao mo
hinh tinh toan va hiéu chinh cho két qua hiéu chinh
va duge thé hién trong bang 1 va hinh 6, 7; két qua

sai s6 quan phuong chuin hoa Nor RMS = 2,95%, dat

két qua yéu cau.
3.3. Két qua dizr b4o qué trinh xAm nhap min

Do tong khoing hoa ban dau duwgc xac dinh
bang cac 16 khoan quan trac khac nhau va vao cac
thoi gian quan triac khac nhau lay theo cac tai liéu
ctua cac phuong an nghién ctru truée day [5], [6] va
lay theo két qua ctia dé tai méi nhat nam 2016 [7].
Sau do6 khi giai bai toan dich chuyén bién man ma
can biét nong do tai vi tri nao do thi chi can biét nong
do ban dau thuc t€ tai vi tri d6 réi cong thém véi
phan bé sung tir bién vao.

bé dam bao do tin cay cho tinh toan, ching toi
chon trong hop hé thong khai thac c6 nguy co bi
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quan sat va 16 khoan tinh toan

nhiém man cao nhéit. Panh gia qua trinh xam nhép
maén khi cac 16 khoan khai thac ciing mét lic voi bude
thoi gian khai thac 1a sau 27 nam. Két qua tinh toan
duoc trinh bay trén cac hinh tir hinh 8 dén hinh 9 va
bang 2, 3.

Hinh 8. S\,r dich chuyén bién min vao bai giéng vao
cudi thoi ky khai thac 27 nam

(Dién tich xam nhap man vao tang chua nuoc do

cde Io khoan khai thic la 12,35 knr’)

L& H:—mdmslﬂmlhde
Trkl\ s ardin
- PLIOO0 | PEOBE

Hinh 9. Sy dich chuyén bién mén vio bai giéng vao
cudi thoi ky khai thac 3 nam

(Di¢n tich xam nhap man vao tang chita nuoc

do cdc 16 khoan khai thac Ia 12,50 knr’)
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Bang 2. Du Lo lugng tang d6 tdng khoang hod tai cac 16 khoan khai thac

— Do téng khoang hoa M (mg/1) |

3 nam 6 nam 9 nam 12nim | 15ndm | 18 nidm | 21 nadm | 24niam | 27 nam
Q1 183,55 184,76 184,87 184,96 185,02 185,05 185,05 185,06 185,05
Q2 183,66 184,39 184,49 184,53 184,54 184,52 184,48 184,47 184,45
Q3 175,40 175,80 175,90 175,88 175,86 175,79 175,71 175,69 175,65
Q4 165,78 166,01 166,15 166,14 166,09 165,96 165,83 165,79 165,72
Q5 180,36 180,56 180,77 180,78 180,75 180,57 180,38 180,33 180,24
Q6 176,70 176,89 177,11 177,10 177,06 176,87 176,68 176,63 176,54
Q7 165,40 165,58 165,73 165,70 165,65 165,48 165,34 165,30 165,23
Q8 168,58 168,95 169,06 169,06 169,04 168,94 168,84 168,82 168,77
Q9 162,96 163,74 163,86 163,91 163,93 163,89 163,84 163,83 163,80
Q10 164,70 165,85 166,00 166,08 166,13 166,14 166,12 166,13 166,12
Q11 167,36 168,28 168,37 168,42 168,45 168,46 168,45 168,46 168,45
Q12 167,56 167,86 167,93 167,95 167,96 167,92 167,86 167,85 167,82
Q13 168,17 168,12 168,20 168,17 168,14 168,03 167,93 167,90 167,85
Q14 167,99 168,23 168,37 168,35 168,31 168,17 168,05 168,01 167,95
Q15 166,77 166,89 167,06 167,03 166,99 166,81 166,64 166,59 166,51
Q16 167,19 167,39 167,60 167,60 167,56 167,37 167,18 167,13 167,04
Q17 168,17 168,32 168,51 168,48 168,43 168,24 168,08 168,03 167,96
Q18 168,26 168,33 168,40 168,38 168,36 168,28 168,18 168,16 168,12
Q19 167,99 168,45 168,53 168,55 168,56 168,52 168,48 168,47 168,45
Q20 167,53 168,52 168,62 168,69 168,74 168,76 168,75 168,76 168,75
Q21 165,38 166,59 166,70 166,78 166,84 166,87 166,88 166,88 166,88
Q22 165,37 166,27 166,36 166,42 166,45 166,47 166,46 166,46 166,45
Q23 167,21 167,92 168,03 168,07 168,08 168,04 167,97 167,96 167,92
Q24 167,75 168,42 168,63 168,67 168,66 168,52 168,39 168,35 168,28
Q25 167,16 167,80 168,07 168,10 168,08 167,89 167,70 167,65 167,56
Q26 167,82 168,30 168,563 168,55 168,51 168,32 168,14 168,08 168,00
Q27 167,99 168,44 168,63 168,62 168,58 168,42 168,28 168,24 168,17
Q28 168,04 168,52 168,66 168,66 168,63 168,53 168,43 168,41 168,36
Q29 167,69 168,46 | 168,59 168,64 168,66 168,62 168,57 168,55 168,52
Q30 167,16 168,40 168,51 168,59 168,65 168,68 168,68 168,69 168,68

Béng 3. Du bao dién tich xAm nhép man vao ting chira nuéc ting 1én do cic 16 khoan khai thic gay ra

Dién tich Dién tich xAm nhap man tang lén ( km?)
: 3 nam 6 nam 9 nam 12nam | 15nam | 18nam | 21 ndm | 24nam | 27 nam
Ting 12,30 12,34 12,32 12,33 12,31 12,32 12,36 12,35 12,35

Nhu vay ¢6 thé thdy két qua du bao qua trinh
x4m nhap min dén cac bai giéng khai thac & cac thoi
diém sau cac thoi gian khai théac lan liot 14 3 nam, 6
nam...va 27 nam, téng khoang hoa ciia nudc hut 1én
trong czc 16 khoan khai thac tang 1én trong khoang
tir 164,70 mg/] dén 168,75 mg/1, nhé hon nhiéu gia
tri cho phép, (gia tri cho phép < 1000 mg/1) dat yéu
cAu cdp nudce cho sinh hoat. Dién tich x4m nhap min
& thoi diém 16n nhat 12 sau 27 nam khai théc ting len
12,35 km?, dién tich nay 1a rat nho so voi dién tich
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ctia tang chira nude, nén khong lam thay déi dang ké
trit lwong clia tang chita nudc. Vi vy co thé nhan
dinh rang so d6 bo tri cac 16 khoan khai thac (Hinh
8) nay la hop ly, ddm béo chat liong nuéce khai thac
cho an uéng sinh hoat va hoat dong cong nghiép
trong sudt qua trinh khai thac nudc.

4. KET LUAN

Bién nong do tong khoang héa M = 1000 mg/1
da dich chuyén vao gin céng trinh khai thac nuée
ché tién vao sau nhat khoang 700 m va dién tich xam
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nhap min l6n nhat dén ting chta nuoc do cac 16
khoan khai thac gay ra ¢ thoi diém 27 nam tang lén
khoang 12,35 km?.

Nhu vay so dé bo tri cac cong trinh khai thac
nuwdce 14 hop 1y, sau thoi gian khai thac lién tuc theo 1y
thuyét 1a 27 nam, muc nuéc ngam ha thap do qua
trinh khai thac van nidm trong giéi han cho phép [7]
(dén noc tang chira nuoéc) va qud trinh xam nhap
man van chua lan dén cac cong trinh khai thac nude
va xam nhap min vao tang chira nuoc véi dién tich
rat nhé 12,35 km? Téng khodng hoa ctia nuée hut
len trong cac 10 khoan khai thic tang lén trong
khoang tir 164,70 mg/l dén 168,75 mg/1, nhé hon
nhiéu gia tri cho phép (gia tri cho phép < 1000 mg/1)
dat yéu cau cip nuoc cho sinh hoat.
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FORECASTING CAPABILITIES TO SALINIZATION OF WATER EXPLOITATION BY MODFLOW MODEL
OF COASTAL AREAS IN QUANG TRI PROVINCE

Nguyen Son, Dang Xuan Phong, Trinh Ngoc Tuyen

Summary

One of the main impacts of the exploitation of underground water (groundwater) caused it is moving in the
aquifer material. Water extraction process has raised the water level of speed and movement of
groundwater. This leads to the movement of water from an area of high TDS from the boundary saltwater
and fresh water, salt water sources etc.. to water exploitation projects. In this study, the model MODFLOW
have been applied to forecast boundary movement saltwater and fresh water of both aquifer Pleistocen {(qp)
and Neogen (m) due to mining of groundwater extraction in project water coastal strip Quang Tri province
using 3D modeling methods MT3D by the Company’s United States Waterloo Hydrogeologic suite comes
with Visual MODFLOW. The results in this study our have shown that the concentration of total
mineralization boundary M = 1000 mg / | have moved into near mining projects water entered the deepest
spot is about 700 m and the area’s largest saltwater intrusion to the aquifer by drilling holes caused at the
time of the 27 year increased approximately 12.35 km?, however the total mineralization of the water sucked
up in the borehole operators increased in the range of 164.70 mg / 1 to 168.75 mg / 1, much smaller than the
allowable value (Values allows < 1000 mg / 1), meet the requirements for drinking water supply.

Keywords: Mining reserves, underground water, Avdrogeology.
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