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KET HOP PHUGONG PHAP DIA VAT mf VA PIA CHAT THUY VAN
PONG VI TRONG MO PHONG CO CHE XAM NHAP MAN TRONG
CAC TANG CHU'A NUOC VEN BIEN

COUPLING GEOPHYSICAL AND ISOTOPIC APPROACHES TO BETTER
SIMULATE SALTWATER INTRUSION IN COASTAL AQUIFERS

Nguyén Bach Thao. Nguyén Van L.

[ 3

Triecmg Dui hoe Mo - Dia cha
TOM TAT

Nghién cven nay tap trung vao giai qui‘i' cde han ché frong ma hinh nwoc dudi dar o ede
hmg.; chieat mutre vimg ven hién, T rong cdc ting chiea mede nay, vol su xudt hien déng thai cia mee
wiar va rweoc mar, dong chay neoc dudi d’m thudmg dirpe hiéu dié n beri phicong irinh cua Darey. Th
rrﬁmn do unh Ineemg cia ham lwomg mudi u'en 1y fromg va tink thim cua nide nén viée gidi bai 108
Ve ven dong cua nucre dwdi ddt tror wén rar phic tap, Hon nita. anh heomg cua tinh bar dong nll
rrong tang chua meoe cang lam cho vide nghién cun dia ehar thiy van yvime ven bién thém khé k i
va thach thic. déde-biét cho cong tdc ma phang va chinh Iy ede mo hinh todn hoc. Chiing 167 el
xudl viée ket Hop cdc kér qua nghien cir hcmg phicomg phdp do dja v [y va dia chal thuy vam aoe
Vi frong gud trinh mo phong, hiéu chink va kiém chimg ket qua mo hinh x0. Cie két quei do dia vatl
cho phép chinh xde hoa ranh g:m mén nhat va phdn bo thanh phan thach hoe efing nhe do hong
ddr dd Béw canh do, tmg dyung do phong xa cua Radon trong nudc dieoi d: H Vi mteoe mal rdl e
qua trong viée nghién ctru vé dic tinh tham cua tang chika mede va leong bo cdp tiv mede diecd d
Fhmrng phdp nghién citu da duwoc dp dung mét cdch hiéu qrufr cho vige nghién cuu qud trink xi
nhdp mdn frong tang chirg nuede khu viee ha lun ding déng bing Craw mién nam nuwoe Phéip v @
the dp dung teong 1 cho cac vimg dong bang ven bién o Viét Nam,

SUMMARY

This research has focused on the constraints related to the modeling of groundwateny
coastal aguifer. In these agquifers, the concomitant presence of freshwater and saltwarer alters
How patterns typically represented by the Darey equation. The influence of salinity on density @
permeabhility make the mathematical resolution of flow equations more compiex. Moreover, §
influence of heterogeneities in the aquifer makes it move difficultl and risky the parameterizaly
maodel and its calibration. We propose to use strongly the results of both geophysical and isotg
investigarions. Thus, we hypothesize that the description of the subswrface and rthe imuging of
freshwater/saltwater can help to develop and validate/calibrate the simulation of groundwate

coastal aguifers. We have also shown that geochemical measurements such ay radon measuren
may help to validate the simulated flow. Owr approach was applied on the downstream part ofs
Crau aquifer, The comparison of the simuwlated resilts to observed data has shown the usefull
and applicability of our approach. This method is suggested to simulate the salt water infrision
coastal aguifers in Vietmam,
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1. GIO1 THIEU

Ving ven hif,n thuﬁmg 14 noi ¢6 mat d6 dan cur rat déng, phat trién manh mé cdc hoat
dong du lich, san Xual cong nghigp va nong nghiép do co nhimg dac diém thuén loi nhir mo
wuomg song da dang. dong bing mau md. tai nguyeén bién phong phu, thudn lgi cho van
«chuyén hang héa va thong thuong quéc té. Tuy nhién, do sy phat trién manh mé tai khu ven
T dan dén nmt dd dan so ciing tang nhanh chong. du kién dén nam 2050 s& co t6i 70%
din so sinh song trong vung ven bién (Shi and Ashbindu. 2003) 1a nguyen nhin gay ra viec
«hai thac qua mirc 1 ngudn tai nguyén nude dudi dit, cing voi tac dong cua bién doi khi héu
oan cau da va dang de doa nghiém trong dén tinh bén vimg cua cac tang chira nude trude
win dé xdam nhép man. Theo Ihunb ké coa Ghassemi va nnk (1995), cir mdi phit, thé gidi

it di 3 ha dét canh tac do nhiém man,

Dé sir dung vi bao vé hiéu qua ngunn tai nguyén nudc dudi dat vo cung quy gia nay.
= tac nghién ciru xam nhap min dang rat duoc ca thé gidi quan tam. nham giai quyét cac
4 nhu: (i) sy phin b6 va co ché hinh thanh cua cac thé chira nurée nhat va cac nguon
nhidp mén (qua trinh khuéch tan, phan di. hoa tan, ly, hoa sinh.. : (1) dur bdo qua trinh
» nhdp mén do blen doi cua cac yéu to fr nhién (nrde bién d.mi, bién dbi khi hau, sat
) hay chc yéu tb nlhm tao (xdy dimg cédc cong trinh thuy lei, khai thac nuéde va khoang
.. ). :

Khi xem xét su xdm nhip mén & cdc viing ven bién, cac giao dién gitta nude man va
e nhat duoc kh’u niém theo hai cach: Thir nhét. (Bear va Verruijt, 1987, Dugue et al.,
*3! gia dinh rang nude nhat va nuée man khong pha tron (la 1mm15L11ﬂc} va duge ngan
n bl mot giao dién sic nét; Thir hai, (V 0ss va Souza, 1987) xem x¢t rang ca hai pha mén
f:hat 14 c6 thé hoa tron va ¢6 tinh dén sir tdn tai cua viing chuyén tiep.

Bk et il B BFoan &) Bi e qipnire L Amman &
R

Hinh 1: Céc khai niém vé ranh giéi xam nhép méan

Trong trudmg hop ranh giGi mén nhat 1a mot giao dién sdc nét (hinh a), phuong phap
b toan xam nhap-min 1an dau tién duge dua ra trong hon mot thé kv boi phuong trinh cua
on-Ghyben (1889) va Herzberg (1901) va cong thirc dya trén co sé Dupuis do Strack
76). Cong thire toan hoc nay nay co the ap dung cho cac tang chira nudc ven bién dong
it ve dac diém dia chat thuy van va trong dieu kién déng thai on dinh (phuong phap tinh).
s nhién, trong diéu kién thuc té, hau hét cac qua trinh xam nhéap man tudn theo co ché thir
o giao dién gifta nude man va nude nhat 1a mot viing chuvén l:r:p pha tron gitra hai pha
, nhat va dugce xac dinh theo phuong phap tinh toan djng cho cac dong chay co mat do
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bien doi theo ca khong gian va thoi gian (Voss va Souza. 1987. Bear. 1988, Holzbecher,
19984, Kolditz et al ., 1998). Vi sy phat trién ciia edng nghé, cac md hinh tinh todn véi mat
do bién dai mo phnnﬂ. cho ede qué trinh xam nhdp man mot di duge xay dung gan nhit voi
dicu kién thue @, khong chi doi v tang chiza nuée dong nhit ma con cho tang chira murde
khong ding nhat két ndi voi bién,

Viee mo hinh hoa tinh toan xdm nhdp mén theo khong gian va thoi gian phu thude
vao chat lugng cée tham sé dau vao v tai ligu thyre t& phuc vo cho viée chinh Iy’ va danh gia
do chinh xac etna mo hinh. Trong thue té, mat do cac diém xac dinh thong sb dm chat thuy
van thurong khong khong chi tiet, tiy thude vao phin bo cna cac 16 khoan va cac cong tic thi
nghi¢m. Bén canh do, viéc chinh v mé hinh xdm nhip man ludn doi hoi bé sé lidu quan tric
chi tiét vé phan hd méan nhat ma trong hau hét cac tririmg hop, mét do céc 16 khoan khong du
lém d& dap (mg diéu dé, Do vay. doi hoi cﬁn e cac phuong phap nghién ciru bo sung nhim
cung cap thém céc thong tin ve cac thong sO tang chira nurde va phén bo ranh gidi man nhat
cua tang chira nudc, Bé giai qmr.t van dé nay, chiing 16i d& xudt str dung céc phuong phap
dia vat Iy dé tinh toan do 16 hong cua dét da va xac dinh vij tri vimg chuyé €n tiep cua nude
nhat'nuée man gitp thiét Iip, chinh Iy va xde nhin cic mé hinh dong chay nong d6 bién doi
(Comte va Banton. 2007, Ngodi ra ching t6i dé xuat s dung mot s6 dﬂug vi phong xa ar
nhién (radon, radium) la chat danh din ¢& xac dinh van tde thim cua dong chay trong ting
chira nude va lugng bd cap tir mroe dudi dat vao nurde mat. Qud trinh nghién ¢ru. mo phong
qua trinh xam nhdp man duoge thue hién theo cac bude sau:

Tho thip via do dac djs
£ PRy
FAREIG TS Khen sdt it ehde
Hhdy viin
L] Fhy mize. nirdre Bioy iy méan
M hink /
khdi nigm
L '-l-___-“‘-‘- ‘F’_‘.-"'...-_
Chiny Iy L& hifu mire niede
theo Ty rong
Phuong phdp Ba -
rﬂrﬂdp M hinlh st
...-"""r _-‘-'""'-.._‘_
ERT M / P
i ) !
Phin bl 0 s | | Phin b0 thach hoc Chink 8 xitahie —
203D 1030 mi hinh
: Radon frong NDYE Radm: trong
l nurdic el
Dy b Wan ﬁ'-‘ domge Lusyrig bi ﬁ tir
wim nhp mn oAy L Mg :
i

Hinh 3. Két hop cac phuong phép trong vige mo phong qué trinh xam nhép min
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2. NOI DUNG VA PHUONG PHAP NGHIEN CUU
2.1 Phuong phap dia vat Iy

Cac phuong phap dia vat ly da duge ap dyng rong rai trong nghien ctru xam nhap
man nrde dudi dit viing ven bién nham cung cdp cac théng tin vé ranh gitn mdn nhat va cic
d6i trgmg thach hoc (su dung edng thirc Archic), rong do cé phirong phap do siu dién da
cire va phuong phap do dién tir rruimg. Két qua ctia hai phuong phap trén bieu dién sir phan
b clla dién o suat (hay do din dién) cia moi truromga dat da theo chieu sau

Phuong phap do sau di¢n da cuc cho két qua vai do ph’m gial cao. triuc quan tuy
nhién viéc bd tri cac tuyén do doi hoi vé mat hing du dai so voi chidu dai cia timg khodng
cach, phuong phap do (trén 100 m).

. ava—— Mat cat do séu digén da cuc b

Nufreman & :

C L LT IR P L L1

D6 dan dién trong 18 khoan
B4 dén dign (mS/cm) £% dan dién (mS/cm)

Hinh 2: Két qua phan tich tuyén do sau dién da cue theo RES2DINV

Phuong phap do dién tir truong duoc ap dung voi bo thiét bi EM-34 da dap img tdt
can trong vi¢e xac dinh sur phdl! ho cua dc& dan dién (ranh g1t man nhat) dnng théi khéc
duoc khé khin trong van dé bo tri mat I::ang phuc vy do dac. V&i nguyén Iv do va thiét
s don gian, phuong phap do dién tir tnromg rédt phu hop cho cde ving ¢6 cac mang lu
mat day dac. kho bo tr cac tuyén do sau dién.
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CAC TRUONG DAL HOC KY TRUAT VI SU PHAT TRIEN BEN VIING TAY NAM BO

2.2 Phirong phip dong vi

Moi tuomg quan gilra nurde mit va nuére duéi dat dong vai tro quan trong trong nghién
ciru dia chat thuy van, quvét dinh dén '

Fatm i,
qua trinh xdm nhép mén cta cic ving )
noi co mit cia cac hé théng dong chay -
mit hodc cua eac Vithg Iiép giap v Fies
bien. Luu leong bd cip tir nude dudi Fryes Fout
dat cho nur’rc.mge}l hoaéf;guqc lai duge ‘1% fnvenfur@ =)

. . v ek A = ; Faacay
tinh toan gian tiép théng qua cong tic

thi nghi¢m. xac dinh déng i radon
trong trong nude dudi dat va nude mat.
dua vao phuong trinh cin bing cua
radon ddu ra va dau vao cua khu vIre
nghién ctru (mé hinh dang hop kin).

jl-..-:-.'ln" + Fr'.l'.-r_-" * };:"tri L P:;-n = 'F:l’i'L-J_'- ¥ }.:m' = "F--..r
Trong do:

Fw: lugng nude tir nude dudi dat bo eap cho mrde mit. duge xae dinh thong qua do
dac cac tham =0 con lai;

Frver: luomg radon trong murde mat:

Fug: luomg radon khuéch tan tir bé mit khodng vat:

Faa: hrong radon do qud trinh phan ra tir radium hoa tan 2Ra:
Far: luong radon phat tan vio khi quyén:

Fiecay hrgmg radon trong méi trirong tang chira nuée:

Fou 1 lugmg radon trong dong chay ra cua khu ve,

Phuong phap nghién ciru dong vi radon tai viing Crau (Phap) dé xdc dinh lrong bé
cdp cia nude dudi dat trong moi quan hé gitta nude dudi dat-nirde mat cho két qua dang i
clly va rit higu qua, dic bigt ap dung cho cac ving nghién ciru ¢é mat d6 phan bd nurde mis
lém nhur khu vire ven bién dong bang Nam Bo.

;;;;;

. Van toc thim téng chira nuée 1d mot thong sé dia —
chat thuy van quan trong quyét dinh dén toc d6 xam nhip 3§ '
man cua tang chira nuve. Thong s6 nay duge xac dinh dua 3 3—
vio viéc so sanh déng vi radon (**Rn) trong 10 khoan va g
trong tang chira nude (Hamada, 2000, Schubert et al.. §
2011, Nguven. Z[}IS‘,!. Phurmg phap nay giip cho phép xdc —_—
tinh toan thong s6 thim cua tang chira nude trong diéu kién _ Tredasies
khong thé tién hanh bom hit nude thi nghiém (khong co
céc 10 khoan guan sat hodc dudmg kinh 16 khoan khong dap
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img viée bo tri cac thiél bi bom...). Uu diém cua phuong phap la dé tién hanh, thé aran va
chi phi thap, gitp cung cap théng tin dau vio cho mo hinh 6.

-

=4 _ -[ (] — A drausfiy,, }L:{‘JSF'?JFJ

" ' .
LY ¥ 4

Cuwe Cau: Radon trong 16 khoan va trong tang chira nudc

= £ - = . A 5 ¢
View, Vgw? VAN 10C cua nurdce trong 1o khoan vi trong tang chira nudc

- \E [ V| s N Y PN e T7 AT o a2
| |F*H A&l om L B(AY () k(Y (e
i . _|+-_- — .

| 4 < L s J J_. \ F ] ’ ]
Phwong phiap ma hinh sé
A Lya chon mé hinh di bio sw dich chuyén cia bién mén

Hign nay, trén thé gidi ¢o rat nhidy chirong
qua trinh Xam nhdp man s dung phurong
od) hodc phuong phép sai phén hin han (

trinh phuc vu cho viée mé hinh hoa. tinh
phap phan tr hiru han (Finite Element
Finite Difference method). Mbi phuong phap
co nhimg diém manh riéng. Trong nghién ciru nay, qua trinh xim nhap min da duoc tinh
hz‘%ng phin mém FeFlow sir dung phurong phap phan tir hiru han véi 6 lwai tam giac va
hinh tinh toan cho cac diém nat cia & ludi. do do cae diéu kién bién duge mo phong gﬁn
thuc t& hon so véi cic mo hinh sit dung & lwdi hinh chir nhit. Bén canh d6. mo hinh

w duge coi la mét mé hink tich hop (hybrid) tinh toan chiéu khéng gian theo phurong
phan tr hiru han va tinh todn chiéu the gian theo phuong phap sai phén hiru han,

Cac két qué tinh todn vé van tdc thim. do

: 16 hong théng qua tai li¢u dja chét thiy vin
vi va dia vat Iv duoc sir dung dé chi tiet ho

a o liéu dau vao cua mé hinh,
Chinh Iy va kiém chimg mé hinh

Két qua tinh toan xdm nhip man cia mé hinh sé dwoc kiém chimg théng qua viée so
&1 1ai ligu do tir phuong phap dia vit Iy (ranh gi61 man nhat) v4 tir phuong phép dia
oy van dong vi (luegng b cap tir nudre dudi dat cho nude mat).

soc Can The, ngay 30 thang 3 nam 2016

Laa




CAC TRUONG BAI HOC KY THUAT VOI SU PHAT TRIEN BEN VNG TAY NAM BO.

Hinh 3: So sanh két qua tinh toan xam nhip min bang theo mé hinh (phai) va
giai doan theo 50 li¢u do cia phuong phap do dign tir trwdng su dung EM-34 (trai)

Mo hinh sau khi dugc chinh ly va kiem ¢himg s& duge sir dung dé dur bao qua tr
xam nhap man cho cic kich ban cy thé nhu trong diéu kién anh huong do 1ang khai thae
nude dudi dit, do bién dbi khi hau (han han, I lut...) hay do nude bien ding...

3. KET LUAN

- Viée mo phong qué trinh xam nhdp min bang mé hinh 1odn hoc doi hoi chat _
thong s6 dia chat thuy vén va phin bo cua ranh gidi man nhat ma so lugng cde 16 ki
trong didu kién thyre 18 kho c6 thé dap tng dugc.

- Viéc két hop cac phuong phap dia vat Iy (do sau dién va di¢n tlr truomg) va p
phap dong vi radon rit hiéu qua trong v iéc cung cip s6 lidu diu vao ciing nhur chinh
kiém chimg dé chinh xac cua mo hinh,

- Phurong phap do dién tir tiromg dic bigt phi hop véi cac viing nghicn ciru ¢b
phan bo nudc mat cao, kho tién hanh cac phirong phéap khac nhir do sau dién,

- Truong hgp ving nghién ciru khong thé bo tri cong tac bom hit nudc lhi
phurong phap dong vi radon 13 mét lwa chon hiéu qua dé xac dinh van toc tham
dudi dat.

Ngual ra, vOi cic ving ven bién va viing nghién ciru ¢6 cée dong chay mét, )
phap dong vi radon Ja mot cong cu dé tinh toan lweng nuéce dudi dat cung cap cho nu
va nguoc lai.

- M hinh dy béo xam nhép mén cho cac kich ban cu thé 1a co s& gilip cde
ly trong viée bao vé ben vimg nguon tai nguyén nude dudi dat va moi trromg vimg ve

- Vi nhimg dac tinh wu vigt ké trén, vide két hop cia cac phirong phap ngh :'-'
nhur trén ¢o the ap dung hidu qua cho viing dong bing Nam Bé.
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