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LOINOI DAU

Ti ié'p néi thanh cong cua cac ky Hoi nghi khoa hoc VIETGEO, Hoi nghi khoa hoc
toan quéc VIETGEO 2025 véi chii dé “Dia chat céng trinh - Dia kj thudt va Moi
trieong phuc vu phat trién bén viing” duge t6 chire tai Trueong Pai hoc Tra Vinh trong
hai ngay 24 - 25 thang 10 nam 2025.

Hoi nghi do Truong Pai hoc Tra Vinh va Hoi Pia chat Cong trinh va Moi
triwong Viét Nam dong chii tri ciing sw phoi hop ciia mot sé truong dai hoc, héi nghé
nghiép vé cac linh vue dia chat cong trinh, dia ky thudt, xdy dung, dia chdt thuy van,
moi truong va cong nghé khoan - khai thac.

Ban Té chirc Hoi nghi da nhan dwoc hon 120 bai bao khoa hoc cua cac giang
vién, nha khoa hoc, chuyén gia tw cac truwong dai hoc, vién nghién curu va doanh
nghiép trong ca mede. Sau qua trinh phan bién nghiém tic, 75 bdi bdo ¢é chdt lirong
cao dd dwoc chon dang trong Ky yéu Héi nghi VIETGEO 2025 do Nha Xudt ban
Giao théng Vin tdi dn hanh.

Cdc bai bdo trong Ky yéu tdp trung nghién ciru vé cdc chi de:
- Pia chat cong trinh - Pia ky thudt,
- Pia chdt thiy vén, tai nguyén nude va moi truong,
- Ky thudt xay dung va Vat liéu xay dung,
- Vat liéu dia ky thuat,
- Cong nghé khoan - khai thac,
- Tai bién dia chdt va cong nghé quan trdic - canh bdo sém.

Hoi nghi khoa hoc toan quéc VietGeo 2025 la dién dan dé cac nha khoa hoc,
chuyén gia va doanh nghiép chia sé két qua nghién ciru méi; trao doi kinh nghiém va
tang cwong hop tdc vé khoa hoc, cong nghé va chuyén doi sé vé cdc chii dé néu trén,
cung cdp ludn cir dé xudt cac chinh sach, gidi phdp ky thudt gép phan phdt trién kinh
té - xd héi khu viee Pong bang séng Ciru Long.

Trong qua trinh chudn bi Hoi nghi, Ban T 6 chirc dd nhdn duoc su hé tro quy
béu ca vé tinh than va vét chat cia mét s6 truong dai hoc, vién nghién ciru, hgi nghé
nghiép cing sw dong hanh ciia nhiéu don vi, doanh nghiép va cdc cé nhan. Ban To
chire xin giri 107 cam on sdu sdc dén cdc co quan, té chire, cd nhan vi sw hé tro quy
bau dé. Pdc biét, Ban Té chike xin cam on va ghi nhdn déng gop to lém cia cdc tdc
gia bai bao khoa hoc, cdac phan bién, Ban Khoa hoc, Ban Thu ky va doi ngii tinh
nguyén vién da lam viéc hét sirc minh, tdn tam, chuyén nghiép, dam bdo chat lwong,
tién dé va su thanh cong cua Hoi nghj.

Ban Té chire Hoi nghi VIETGEO 2025 xin chan thanh cam on Nha Xudt ban
Giao thong Van tai da hé tro xudt ban cuén Ky yéu Hoi nghi. Mdc du da co nhiéu né
luc trong céng tdc bién tdp va xudt ban, cuon Ky yéu khé tranh khoi nhitng thiéu sét.
Chiing téi rdat mong nhdn dwoc y kién dong gop quy bau tir ban doc dé Ky yéu ciia
cdc ky hoi nghi sau dwoc hoan thién hon.

BAN TO CHUC HOQI NGHI



Vinh Long, ngay 24 thang 10 nam 2025

THU CAM ON

Hiéu truwéng Trwong Dai hoc Tra Vinh

Tran trong cam on

Trong tinh than hop tdc hoc thudt va phat trién bén viing, Truong Pai hoc Tra
Vinh vinh di phéi hop ciing Hoi Pia chat Cong trinh va M6i truong Viét Nam dong
t6 chirc Hoi nghi Khoa hoc toan quéc “Dia chat cong trinh - Dia ky thudt va Moi
trieong phuc vu phdt trién bén ving - VIETGEO 2025”7, dién ra ngay 24 - 25/10/2025
tai Truong Dai hoc Tra Vinh.

Hoéi nghi la dip dé cac nha khoa hoc, chuyén gia va don vi nghién citu trén
todn quéc gdp gb, chia sé tri thire, gidi thiéu nhing két qua nghién civu cé gid tri va
cung tim kiém cdc gidi phdp vmg dung vdo thue tién. Pdy ciing la co hgi dé Triong
Dai hoc Tra Vinh dong gop, chia sé va mo rong hop tdc trong linh vuc dia chat, dia
ky thudt, tai nguyén va moi trueong - nhitng linh viee ¢6 y nghia quan trong doi véi sie
phat trién bén vitng cia quéc gia va vimg Pong bang séng Ciru Long.

Thay mdt tdp thé cdn bg, giang vién va sinh vién Truong Pai hoc Tra Vinh, t6i
xin giri 167 cam on chan thanh dén Ban Té chirc Hi nghi VIETGEO 2025, cdc co
quan hitu quan va toan thé cdc nha khoa hoc da danh nhiéu tam huyét, tri tué va thoi
gian dé tao nén mét dién dan khoa hoc ¢é y nghia sdu sdc.

Nhitng dong gop quy bau cua Quy vi khong chi lam nén thanh cong cua Hoi
nghi, ma con gép phan lan téa tinh than nghién civu, doi méi va hop tdc trong cong
déng khoa hoc Viét Nam. Toi tin tuong rdng, nhitng gia tri hoc thudt duoc trao doi
tai VIETGEO 2025 sé tiép tuc dwoc phat huy, tré thanh nén tang cho cdc dw dn hop
tac nghién ciru va dao tao trong twong lai.

Truwong Bai hoc Tra Vinh luén trdn trong co hi dwege dong hanh cing Quy vi
trong sir ménh chung - phdt trién khoa hoc, phuc vu céng dong va hwéng téi phat trién
bén viing.

Xin tran trong cam on!

HIEU TRUONG

PGS. TS. Nguyén Minh Hoa
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UNG DUNG FEFLOW MO PHONG LAN TRUYEN AM VA DICH CHUYEN
KIM LOAI NANG TRONG POI KHONG BAO HOA

Tran Vi Long"*, Vii Thu Hién!
ITruwong Pai hoc M6 - Pia chdt
*Tac gia lién hé: Email: tranvulong@humg.edu.vn

Toém tit

Trong diéu kién thuce té, cac chat 6 nhlem déc biét la kim loai ndng, thuong phat sinh tir cac
ngudn nhu chit thai rin va nudc thai, ton tai trén bé mat dat. D& xAm nhap vao ting chira nudc
duéi dat, cac chit 6 nhiém nay phai di chuyén qua doi khong bao hoa, noi qua trinh van dong phu
thugc chat ché vao sy lan truyen am. Su lan truyén 4m trong dat khong bio hoa duge mé ta bang
phuong trinh Richards phi tuyen tinh. Nghién ctru nay img dung mé hinh phan tir hitu han (FEM)
dé mo phong quéa trinh lan truyén am va sy dich chuyén cta cac kim loai ning trong d6i khong
béo hoa tai khu vuc con cat ven bién xa Tién Thanh, thanh pho Phan Thiét, tinh Binh Thuan. M
hinh duoc xay dung dudi dang mot chleu (1D) nham dy bao toc do dich chuyén ctia cac kim loai
ning tir bii rac xubng muc nudc ngdm. Két qua mod phong cho thay téc do xam nhép cua cac kim
loai nang phu thu¢c khong chi vao dong Thai Lan truyen am ma con vao dic tinh hip phu cia
tung kim loai ddi voi tram tich. Trong do, Zn c6 tdc do dich chuyen nhanh nhéat, v&i thoi gian
khoang 67 nam dé dat dén tﬁng chtra nude. Cac kim loai khac nhu Ni, Cd va Pb ¢6 tdc d6 cham
hon dang ké, can tir 70 dén 130 nim m&i ¢ thé xdm nhap dén muc nudc ngam.

Tir khoa: kim loai nang; mo hinh lan truyén am; mo hinh hap phu; con cat ven bién.

1. it van dé

Trong cac nghién ctru Dia chit thuy van thi qua trinh lan truyén chat 6 nhidm cha yéu dugc
quan tam trong moi truong béo hoa nudce va it quan tdm hon t6i moi truong khong bao hoa. Tuy
nhién cac chat 6 nhidm noi chung va kim loai ndng noi riéng thuong ton tai trén bé mat dét tai cc
ngudn 6 nhiém nhu chit thai rin va nudc thai. Dé co thé gay 6 nhiém t6i nude dudi dit hay xam
nhap vao tang chira nudc thi cac chat 6 nhidm phai dich chuyén qua doi khong bio hoa. Quy luat
dich chuyén theo phuong thang dting trong d6i khong bao hoa cua cac loai chét ban, trong d6 ¢
cac kim loai néng phu thudc vao chung loai cua chat ban, phuong thirc ngdm cua dung dich nhiém
bén, cac loai chit dung méi trong d61 khong bao hoa, bé day, thanh phan thach hoc, d6 4m va chiéu
sdu phan bd ctia nude dudi dat. Cac chat nhidm ban déu co tinh vat 1y, hoa hoc khac nhau, trong
qua trinh dich chuyén thang ding cta chung trong déi khong bdo hoa sinh ra tac dung dia hoa
khac nhau giira cac 16p dit ma hinh thanh quy luat dich chuyén khac nhau.

Su di chuyén ciia nudce trong doi khong bao hoa duge mé ta bang cong thirc Richards (1931).
Kha nhiéu mé hinh di dugc dé xuit dé dua ra 101 giai cho cong thirc ndy. M6 hinh cta Van
Genuchten (1980) hién nay dugc tng dung phd bién trong mé phong qua trinh lan truyén am. Co
nhiéu nghién ctru nham xac dinh cac théng s cia mé hinh nay tir cac thuc nghiém tai hién trudng
hodc trong phong cia Hardie and Almajmaie (2019); Pang et al. (2000); Silva Junior et al. (2020).
Bén canh d6 qué trinh dich chuyén ctia kim loai ning trong d6i khong bdo hoa 1a rat phirc tap. Cac
ion kim loai nang thé hién kha ning hip phu va hinh thanh phtrc kim loai dan dén toc do dich
chuyén bi khdng ché (Holm et al., 1996; Li et al., 2006). Cac nghién ciru khac cting m6 phong va
du bao qua trinh dich chuyen cua kim loai nang trong déi khong bao hoa, va cling cho rang mo
hinh hap phu 2 thanh phan 1a phu hop v6i qua trinh nay (dos Santos et al., 2013). Qua trinh lan
truyén ciia kim loai ning nay tuan theo mé hinh hap phu ding nhiét phi tuyén Freundlich (1906)
va m6 hinh hap phu 2 thanh phan dang nhiét phi tuyén khong can bang dé xuit boi Selim et al.
(1987) va Van Genuchten and Wagenet (1989). Cac tram tich va cac kim loai ning dugc nghién
ctru di thé hién rd thong qua céc thi nghiém thdm cot trong phong thi nghiém (Long et al., 2024).
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Dbi vai cac khu vuc con cat ven bién véi dic diém tram tich chu yéu 1a cat tir trén mat dat
xudng t4i cac tang sau dan dén kha niang d& bi ton thuong do cac chét 6 nhiém néi chung va céc
kim loai ndng noi riéng. Cac hoat dong chon 1ap chat thai ran khong duoc kiém soat ki ngay trén
cac cdn cat ndy. Khu vuc nghién ctru dugc lwa chon 1a con cat ven bién xd Tién Thanh, huyén
Phan Thiét, Binh Thu4n nay 1a phuong Tién Thanh, Binh Thuan. Tai khu vuc nay ton tai bai rac
Binh Tt vdiquy mé 14,5ha va méi dung hoat dong nam 2024. Bai rac nay nam ngay trén tang cat
hat min mau do, vang da cam c6 tudi Holocen va bén dudi 1a ting cat hat nhé dén trung co tudi
Pleistocen. Nguy co 6 nhiém néi chung va kim loai ning néi riéng t&i nude dudi dat tai khu vue
nghién ctru 14 rat rd rang. Trong nghién ciru nay, chiing toi sir dung phan mém FEFLOW mé phong
qua trinh dich chuyén ctia 4 kim loai nang (Pb, Ni, Cd, Zn) trong méi truong khong béo hoa. Cac
thong s6 mé phong dong chay va lan truyén kim loai ning dugc 1ay tir cac két qua thi nghiém hién
truong cling nhu trong phong thi nghi¢m (Long et al., 2024).

2. Co s 1y thuyét va phwong phap nghién ciru
2.1 Co'sé Iy thuyét Ian truyén am trong déi khong bio hoz

Chuyén dong nudc mot chiéu trong moi truong 16 rdng cing bio hoa mot phan dwgc mo ta
bang mot dang bién doi cia phuong trinh Richards, st dung céc gia dinh rang pha khi dong vai tro
khong dang ké trong qué trinh dong chdy long va dong chay nudc do cac gradient nhiét c6 thé bi
bo qua:

Py [K( +cosa)] S (D)

Trong d6: h 14 ap suat nudc [L] 0 12 ham luong nude thé tich [L3L2], t 1a thoi gian [T], x 1a
toa do khong gian [L] (dwong hudng Ién trén), S laap lyc huat [L3L3T'], o 1a goc gitta huéng dong
chay va tryc thang dimg (tic 13, o = 0° cho dong chay thang ding, 90° cho dong chay ngang, va
0° < 0.< 90° cho dong chay nghiéng), va K 1a ham hé s6 thidm thuy luc chua bdo hoa [LT'] dugc
cho boi

K(h,x) = Ks(x)K«(h,x) (2)

Trong d6: K, 1a hé s6 tham twong ddi [-] va K, 1 hé s6 tham bdo hoa [LT].

M6 hinh lan truyén am cua Van Genuchten (1980), nguoi da sir dung mo hinh phan phéi kich
thude 156 rong thong ké cua Mualem (1976) dé thu dugc mot phuong trinh dy doan cho ham s6 hé

s6 thim thay nhiét khong bio hoa theo cac tham sb giit nudc cua dat. Cac biéu thirc ciia Van
Genuchten (1980) duoc cho bdi

050y
oy =1+ a1 <0
0, h=0 3)

2
K(h) = Ks[1 - (1-52™)"]

Trong d6: m = 1-1/n, n>1

Céc phuong trinh trén chira ndm tham sb doc lap, trong do: 6,: bo am du; 0: d6 Am bao hoa;
o gia tringhich dao gﬁa ép luq hut; n: h¢ s6 hinh dang va K: hé s6 tham bao hoa. Tham s6 két noi
10 thong trong ham s6’hé s0 tham thuy nhiét da dugc udc tinh (Mualem, 1976) 1a khoang 0.5 trung
binh cho nhiéu loai dat.
2.2 Co so ly thuyét mé hinh lan truyén kim loai ning trong nude dudi dit hiap phu 2
thanh phan

Khai niém vé& hip phu hai thanh phan cua Selim et al. (1987) va Van Genuchten and Wagenet
(1989) xem xét cac phan ing hap phuy - giai hap phu khong can bang. Khai niém hap phu 2 thanh
phan gia dinh rang céac phia hap phu c6 thé dugc chia thanh hai phan:

Sk = Sf + sk k e(1,ny) 4)
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Phan loai 1 (s%): Hap phu trén phan nay duoc gia dinh 1a tirc thi.

Phan loai 2 (s%): Hap phu trén phan nay dugc xem xét 1a phu thudc vao thoi gian.

Trong truong hop nay, hip phu (s¢¢) trén mot phan cua cac thanh phan (cac thanh phan loai 1)
duoc gia dinh la tae thi, trong khi hap phu (sklf) trén cac thanh phan con lai (loai 2) dugc xem xét
1a phy thudc vao thoi gian. O trang thai can bang, ching ta co:

Se =[Sk k e(1,ny) (5)
sk = (1= f)sy k £(1,n5) (6)

O day, flaty 1& cua cac thanh phan trao d6i duoc gia dinh ¢ trang thai can bang véi pha dung
dich. Vi cac thanh phan hap phu loai 1 luén ¢ trang thai can bang, viéc vi phan ctua phuong trinh
ngay lap trc cho ra toc do hap phu cho céc thanh phan can bang loai 1.

i _ (s
L=f k e(1,ny) (7

Hép phu trén cac thanh phan khong can bang loai 2 duogc gia dinh la qua trinh tdc do dong hoc
béc nhat. Theo Toride et al. (1993), phuong trinh can bang khoi lugng cho cac thanh phan loai 2
trong dicu kién c6 sy san xuat va phan hay dugc cho baoi:
ask k ﬁk

c
o0 = Ol =P =4 = (gt udse + (L= Nyvex k(L) ®)
k%

Trong d6: wy 13 ty 1 hing s6 bac 1 cho chét hoa tan kg, [T]
2.3 Phuong phip nghién ciiu
2.3.1 Xdy dung mé hinh dich chuyén

Bién vao: Bo cdp qua mua,

Pé mo phong dich chuyén cua kim loai nang trong khu ham luong Co bién loai 1

vuc nghién ctru, m6 hinh khai ni¢m h¢ thong dugc thiét lap
v6i cac diéu kién bién va dau vao nhu hinh bén:

Mo hinh sc”')‘ dqu: thuc hién nhim mo phong lai thi
nghiém trén phan mém FEFLOW v6i phuong phap tinh
toan phan tu hiru han 1 chiéu.

Théng s6 mé phong co: Bién
- Chiéu dai duong tham: 49m; ggggg e BENNEN 49m
- 86 lugng phan tir hitu han 3320 véi 3320 element, | chay

3321 node;

- Thoi gian mo6 phong 20 nam;

- Budc thoi gian nho nhat 1E-5 phat va 16n nhat 1a
0.05 ngay; Chdy tu do, lvu lugng thoat Q, ham
’ lugng tinh toadn theo thoi gian Ct

- Bién ham luong khong ddi dugc gan tai phan tir dau
tién trén cung cua mo hinh. Bién nay dugc gia dinh bang Hinh 1. M6 hinh khai ni¢m 1D

v6&i ham lugng kim loai ndng trong nudce rac tai thoi diém
nay. Gia tri ham luong nay dugc gia dinh khong doi trong sudt qua trinh mé phong. Viée nay dong
thdi co y nghia mé phong trong truong hop bat loi nhat 1a luong kim loai ning xAm nhap vao tram
tich khong gidi han.

Mo hinh dong chay duoc sir dung 14 mé hinh Van Genuchten (1980) véi 5 tham s tinh toan.

Mb hinh dich chuyén vat chat dugc sir dung 1a mé hinh hap phu 2 phia véi trang thai khong
can bang hoa hoc.

Luong bd cap: Luong bd cap dugc xac dinh theo lugng mua va dugc gan vao mo hinh véi ty
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18 bd cap la 15% lugng mua thuc té.

Luong béc hoi thyc té ciing dugc dua vao mo hinh, tuy nhién luong béc hoi tinh toan duoc
tinh toan cudi cung thong qua do am cia element tinh toan

T s [ ) o3 JU ame: [Evopo Curve types | Lnear
= O ex
[ A Time (4]
1o
2

,,,,,,, o' X

P

Time mode:Unear < >
e

FFEEERERE

g

e — ——
i
——
e

g

s

o

o+ = Boot -+ v o[ oo

g g - ot

Hinh 2. Lurgng bé cdp (bén trdi) va boc hoi (bén phdi) dwoe dwa vao mé hinh tai bién trén

Thong sé‘tinh toan dong chay khong béo hoa Van Genuchten (1980) dugc du bao dya trén 5O
liéu thanh phan hat phan tich tai khu vuc nghién ctru véi 5 tham so tinh toan:

Water Flow Parameters X ‘
Mat | Qr[] Qs[l] Alpha [1/cm] n[] Ks [cm/days] I[]
1 0.0481 0.3711 0.023 3.016 432 0.5|

Hinh 3. Tham sé tinh todn lan truyén am ciia dong chay khéng bao hod
Céc thong sb dich chuyén duoc 14y dwa theo két qua giai ngugc tu cac thi nghiém tham cot
trong phong thi nghiém (Long et al., 2024). Cac thong sb dich chuyén nhu sau:

Bang 1. Tong hop cdc théng sé dich chuyén kim loai ning hoa tan, (véi a: phén tan, Dy: hé s6 phdn tan
dong hoc, Frac (f): ty Ié thanh phan 1 va 2, Ka: hé so phdn bo, Beta: hé so mii Freundlich, @: hé so

chuyén khoi)
STT | Kim a (cm) DL Frac Kd Beta (hé s6 | o (1/Phit)
loai (cm? (cm?/g) Freundlich)
/phiit)
1 Cd 0,38 0,34 0,15 1,04 1,04 0,0054
2 Ni 0,34 0,35 0,35 0,39 1,07 0,0083
3 Zn 0,32 0,31 0,33 0,39 1,06 0,01
4 Pb 0,30 0,36 0,34 0,81 1,005 0,021

Céc khai bao trong phan mém FEFLOW khac vé tinh toan dong chay va mé phong dich chuyén
hép phu ciing duoc cai dit theo cac thong sb bén trén. Thoi gian tinh toan mo phong duoc 1p lai
sau mdi chu ky 20 nam cho t61 khi ham lugng kim loai nang tai phﬁn ttr nam dudi cung cua mo
hinh dat bang v6i ham luong cua phan tir dau tién trén cung cia mé hinh mé phong.

3. Két qua va thio luin

Két qua tinh toan cudi cing mé phong dugc 14y 1a bién dong ham lwong kim loai ning tai phan
tir nam dudi cung cia cdt moé phong. Két qua tinh toan ham lugng duge dua ra trong do thi bén
dudi.
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Hinh 4. Két qua tinh todn mé phéng cho 4 kim loai ndng

Két qua mo phong (Hinh 4) cho thay co su khac biét ro rét vé thoi gian dich chuyen cua cac
kim loai ndng tur bé mit dit xudng ting chira nudc ngam Cu thé, Zn c6 thoi gian ngin nhat (67
nim), tiép dén 1a Ni (73 nam), Cd (98 nam) va lau nhat 1a Pb (130 nam). Su chénh 1éch nay phan
anh ban chét hoa hoc cung nhu dic tinh hap phu khéc nhau ciia timg nguyén to.

V61 Zn va Ni, hé so phan b Ky thu dugc kha thap (0,39 cm*/g), cho thay kha ning hap phu
yéu, din dén céc ion ton tai chu yéu 0 dang tu do trong dung dich va de dang dich chuyén theo
dong thim. Trong khi d6, Cd c6 hé sé Kq cao hon (1,04 cm*/g) va hé s6 mii Freundlich p 16n hon
1, phan anh xu hudng bi giir lai nhiéu hon trén bé mit hat khoang, tir do6 lam giam tde do di chuyén.
Pb mdc du c6 Kq trung binh (0,81 cm*/g), song lai c6 hé s6 chuyén khéi dong hoc © cao nhit
(0,021 phut™), chirng t6 qua trinh hap phu dién ra manh va nhanh, 1am cho téc d6 dich chuyén
tong thé cham nhat trong bon kim loai dwgc nghién ctru.

Ngoai ra, su khac bi¢t nay con co thé ly giai boi ap luc bé mit khac nhau cua céac kim loai. Zn
va Ni ¢6 tinh linh dong cao trong moi trudng cat ven bién, it tao phirc bén, trong khi Cd va dic
bi¢t 1a Pb c6 kha nang grfm két manh véi khoang vat sét, oxit Fe-Mn, dan t&i murc do giit lai cao
hon. Két qua nay phii hop véi cac nghién ctru trude day (dos Santos et al., 2013; Holm et al., 1996;
Li et al., 2006), von ciing chi ra rang Zn thudng c6 tinh linh dong 16n hon, con Pb 1a nguyén t6
kho dich chuyén nhét trong diéu kién dét cat ven bién.

4. Két luan

Nghién ciru dd tng dung thanh cong mé hinh phén tir hitu han két hop mé hinh hip phy hai
thanh phan dé mé phong qua trinh dich chuyén nuée va kim loai ning trong doi khong bio hoa.
Két qua cho thiy su khac biét dang ké vé toc do dich chuyén cua cac kim loai: Zn c6 thoi gian di
chuyén nhanh nhat (67 nam), tiép dén 1a Ni (73 ndm), Cd (98 nim) va cham nhat 13 Pb (130 nam).
Diéu nay phan anh dic tinh hap phu khac nhau, trong d6 Zn va Ni it bi giit lai, trong khi Cd va dic
biét Pb c6 4i lwc manh véi bé mit khoéng.

M6 hinh cling cho thiy ting chtra nuéc ngém bén dudi Vﬁn c6 thé an toan trong it nhat 10-20
nim, tuy nhién vé 1au dai nguy co 6 nhiém van hién hiru néu khong c6 cac bién phap bao vé. Do
do, viéc quan ly, xur Iy va cach ly cac béi chon 1ap chat thai trén con cat ven bién can dugc quan
tam nghiém ngit dé giam thiéu rui ro lan truyén 6 nhiém xudng tang chira nudec.

Nghién ctru nay duoc xay dung duwa trén gia dinh ndng d6 kim loai ning tai béi rac khong doi
theo thoi gian - day 1a truong hop bt lgi nhét. Trong thuc té, ham lugng c6 thé giam dan sau khi
bai rac ngimg hoat dong, din dén nguy co thip hon. Cac nghién ctru tiép theo c6 thé mé rong sang
mo hinh 2D/3D, két hop thém céac qua trinh dia hoa (tao phirc, két tia, phan huy hitu co) nham
nang cao do chinh xac cua du béo.
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FEFLOW application simulates moisture propagation and heavy metal transport in

unsaturated zone
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Abstract

In practice, pollutants, particularly heavy metals, are commonly released from sources such as
solid waste and wastewater, and typically accumulate at the ground surface. To infiltrate into
aquifers, these pollutants must migrate through the unsaturated zone, where their transport is
closely linked to moisture movement. Moisture transport in unsaturated soils is described by the
nonlinear Richards equation. This study applies a finite element model (FEM) to simulate both
moisture movement and the transport of heavy metals in the unsaturated zone of the coastal sand
dunes in Tién Thanh Commune, Phan Thiét City, Binh Thuan Province. The model was
constructed in one dimension (1D) to predict the migration rates of heavy metals from the landfill
down to the groundwater table. Simulation results indicate that the migration rates of heavy metals
depend not only on moisture dynamics but also on their adsorption characteristics with sediments.
Among the studied metals, Zn migrates the fastest, requiring approximately 67 years to reach the
groundwater. In contrast, Ni, Pb, and Cd migrate more slowly, taking between 70 and 130 years
to infiltrate into the aquifer.

Keywords: Heavy metal, moisture propagation, Sorption model, Coastal sand dune.
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