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Hinh 1.1.

DANH SACH CAC HINH VE, PO THI
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MO DAU
Trong nhitng ndm gan ddy, mdi quan tAm cua cac nha khoa hoc méi truong, trong
d6 co ca cac nha khoa hoc Dia chat thuy van vé van dé hiéu mét cach thiu dao cac co
ché dé xay dung duoc nhirng mé hinh chinh xac du bao kha ning dich chuyén 6 nhiém
tir bé mat qua cac ting dat khong ngimg ting 1én. Ly do cta su quan tAm nay 14 c6 nhiing
bang chung thuc té ciing nhu mdi lo ngai cta cong chung vé chét luong moi truong
nuéc bé mat di va dang phai chiu nhitng anh hudng tiéu cuc tir cac hoat dong cong

nghi¢p, do thi héa va cac hoat dong nong nghiép.

Dé giai quyét cac nhitng van dé nay, cac nghién ctru vé viéc ngdm cua cac chit 6
nhiém tir trén mat dat xudng cac dia tang va nudc dudi dat 1a can thiét. Vi vay cac thi
nghiém ngdm nham xac dinh cac théng sé dich chuyén 1a can thiét. Tir két qua cua cac
thi nghiém, phuong phap xir 1y bang ca cong thic giai tich va mo phong bang mo hinh
s6 duoc thue hién dé xac dinh tin cay cac thong s6 dich chuyén nham ap dung cho cac

cong tac nghién ctru tiép theo..

Béao cdo nay duogc thuc hién véi muc dich trinh bay viéc st dung mo hinh )
FEFLOW dé tinh toan qua trinh dich chuyén cua kim loai ning trong d6i khong bio hoa
trong diéu kién thyuc té tai khu vuc bai rac Binh TG - Tién Thanh - Binh Thuan.

Trén co s& do, cac tac gia da hoan thanh bao cdo voi cac ndi dung chinh sau:

- M6 dau;

- Chuong 1: Co s6 1y thuyét mé phong dich chuyén kim loai ning trong dat;

- Chuong 2: Xay dyng md hinh tinh toan trén FEFLOW;

- Két luén.

Bao cédo dugc thuc hién béi TS. Tran Vi Long va duoc hd tro boi dé tai
DTPLCN.86/21 va cac thanh vién, nhan vién k¥ thuat vién lién quan dén méi truong
nuée, dia chit cong trinh va méi dia hoa. Cam on su déng gop, trao d6i y kién cia cac
nha chuyén mén trong linh vuc dia chét, dia chat thuy vin, moi truong dé cac tac gia

hoan thién bao cdo nay. Xin chan thanh cam on!



CHUONG 1-CO SO LY THUYET
MO PHONG DICH CHUYEN KIM LOAI NANG TRONG PAT

1.1. Co s6 ly thuyét md phong dong chay véi mire dd bio hoa thay ddi
1.1.1. Phwong trinh téng qudt ciia dong chdy
1.1.1.1. Dong chay déng déu

Chuyén dong nude mot chidu dong déu (can bang) trong mdi truong 16 rdng clng
bao hoa mot phan (Hinh 2.1a) dugc mé td bang mot dang bién doi cta phuwong trinh
Richards, sir dung cac gia dinh rang pha khi dong vai tro khong déng ké trong qua trinh

dong chay 16ng va dong chay nude do cac gradient nhiét c6 thé bi bo qua:

5 5
%=L K(ﬂ+cosaj -5
ot Ox Ox

?7? ? 7h
ﬁzﬁ[l(<ﬁ+cosa)]—5

trong d6 h 13 ap suit nude [L], 0 1a ham luong nudc thé tich [L3L-3], t 1a thoi gian
[T], x 1a toa d0 khong gian [L] (duong hudng 1én trén), S 1a hang muc hat [L3L-3T-1],
o 14 goc gitra hudng dong chay va truc thing dung (tic 13, o = 0° cho dong chay thiang
ding, 90° cho dong chay ngang, va 0° < a < 90° cho dong chdy nghiéng), va K 1a ham
dan thiy Iyc chua bao hoa [LT-1] dugc cho boi

K(h:X) = Ks(X)Kr(h,X)

trong d6 K. 12 d6 dan thay lyc tuong d6i [-] va K 1a d6 dan thuy luc bio hoa [LT-
1].
1.1.1.2. Dong chay déong déu va dich chuyén hoi nuéc

Phuong trinh Richards (2.1) chi xét &én dong chay nudc trong pha 16ng va bo qua
anh hudng cta pha hoi d6i voi can bang khdi lugng nudc tong thé. Mic du gia dinh nay
hop 1y cho phén 16n cac tng dung, van c6 mot s6 van dé ma anh huong cua dong chay
hoi khong thé bé qua. Chuyén dong cia hoi thuong 13 mot phan quan trong cua tong
dong chay nudc khi dat twong ddi kho. Scanlon va cong su [2003] di chi ra rang dong

chay nudc trong cac ho so vung vadose sau cua cac khu vuc kho han va ban khé han &



mién tdy Hoa Ky thuong bi chi phdi boi cac dong chay hoi do nhiét. Dong chay 16ng va
hoi khong ding nhiét trong HYDRUS duoc mé ta nhu sau (vi du, Saito va cong su
[2006]):

00, (h) i

{(K +1<,,,)(f—”+ cos aj+ (K, +K,, )6—'} -S(h)
ox ’ ox

o))
<
)
S,

22, (h)  ? 2h 2T
—;t =E[(K+th)(§+cos?a)+(KLT+KUT)§ — S(h)

trong d6 OT 1a tong ham luong nudc thé tich [L3L-3], 1 tong (6T = 6 + Ov) cua
ham luong nudce 1ong thé tich, 0, va ham luong hoi nuée thé tich, Ov (ca hai déu duoc
biéu thi theo ham luong nudc twong duong) [L3L-3]; T 1a nhiét do [K]; K 13 d6 dan thuy
lrc dang nhiét cta pha long [LT-1]; KLT 1a d6 dan thuy luc nhiét cua pha long [L2K-
1T-1]; Kvh 1a d6 dan thay luc dflng nhiét ctia pha hoi [LT-1]; va KvT la d6 dan thuy luc
nhiét ctia pha hoi [L2K-1T-1]. Téng dong chay nuéc trong (2.3) dugc tinh bang tong
ctia dong chay l1ong dang nhiét, dong chay hoi ding nhiét, dong chay léng do trong luc,
dong chay 10ong nhiét, va dong chay hoi nhiét. Vi mét sé hang muc trong (2.3) 12 ham
ctia nhiét do, phuong trinh ndy can dugc giai dong thoi v6i phuong trinh van chuyén

nhiét (4.5) dé tinh dung sy thay ddi theo thoi gian va khong gian ctia nhiét do dat.

Equilibrium Model Non-Equilibrium Models
a. Uniform Flow  b. Mobile-Immobile Water  c. Dual-Porosity d. Dual-Permeability e. Dual-Permeability with MIM
| Water Water Water
l Water l l Water l Immob| Mobile Slow Fast Slow Fast
> -~ R
Solute Solute 1 Solute Solute
l Solute l Immob.] Mobile |tmmob| Mobile Slow Fastl Im.| Slow | Fast
- 1 <> l i - | >
0 0-6,+0, 0=6,+46,, 0=06,+06. =0+ 6y o + O
§=6c 8= 6,Cin + 0,sCr S=00Cin+ OnsCne  S=04Co+60:C;  S=6,,Crim + Ot moCrtmo +6Cs

Hinh 1.1. Cdc mé hinh cén bang vt Iy khdi niém cho dong chdy nde va vin
chuyén chat tan. Trong cdc do thi, 6 la ham lwong nuée, Omo va im trong (b) va (c)
lan lwot la ham heong nude cia cde viing dong chdy di ddng va khéng di dong; OM va
OF trong (d) lan ot la ham lwong nude ciia vimg ma trdn va viing macropore (vét
nitt), va OM,mo, OM,im, va OF trong (e) lan liwot la ham lwong nwéc ciia cdc ving dong
chay di déng va khéng di dong ciia mién ma trdn, va ciia mién macropore (vét nitt); ¢
la nong dé ciia cdc vimg twong g, véi cdc chi sé dwdi ¢é ¥ nghia twong tw nhuw doi

v6i ham leong nude, trong khi S la tong ham lwong chdt tan cia pha long.



1.1.2. Céc dic diém ciia thuy lyc dit khong bao hoa
1.1.2.1. Dong chay dong déu

Tinh chét thuy dong hoc cua dat khong bao hoa, dugc ky hi¢u 1a 6(h) va K(h),
trong phuong trinh (2.1) thudng 13 cic ham phi tuyén tinh cua ap suit dat. HYDRUS
cho phép sir dung nim mé hinh phan tich khac nhau cho céc tinh chat thay dong hoc
[Brooks va Corey, 1964; van Genuchten, 1980; Vogel va Cislerova, 1988; Kosugi, 1996;
va Durner, 1994].

Céac ham gitt nu6e dat, 0(h), va dan nudc thay dong, K(h), theo Brooks va Corey
[1964] dugc biéu dién boi

[\ah " h<-la
S, =

1 | h>-1a

K:KS Sel n+l+2

s = {|ah|‘” h<-1/a
el 1 h=-1/a
K=K SZ/n+l+2

- s-e

Trong do Se 1a d0 bao hoa hi¢u qua

e
f— 1y

S, =
e 7.7
*Str

Trong do: Trong do, Or va Os biéu thi néng dd nudce con lai va nude bao hoa tuong
tmg; Ks 1a dan nudc thiy dong bio hoa; a 13 nghich dao cua gia tri ap suét khi (hoic ap
sudt bot khi); n 1a chi s6 phan phdi kich thudc 15, va 1 1a tham sé két ndi 156 gia dinh 1a
2.0 trong nghién ctru gdc cua Brooks va Corey [1964]. Cac tham s o, n va 1 trong
HYDRUS duge coi 1a cac hé sb kinh nghi¢m anh hudéng dén hinh dang cua cac ham
thiy dong.

HYDRUS ciing trién khai cac chirc ning thity Iyc dat cua van Genuchten [1980],
ngudi di sir dung mod hinh phan phéi kich thudc 16 thong thong ké ciia Mualem [1976]
dé thu duoc mot phuong trinh du doan cho ham din khi thay nhiét khéng bio hoa theo



cac tham sd gitt nudc dat. Cac biéu thirc ciia van Genuchten [1980] duoc cho boi

0,-6,

- — <0
[1+ lah["]

O(h)=

K(h) :Kssi[l‘(l 'Si m)m]l

R
2+4—3 T  h<oO
2() ={" L+ [ah["T"
% h=0

K(h) = K,St[1-(1- Sel/’")m]2
Trong d6 m =1-1/n, n>1

Céc phuong trinh trén chira nim tham sé doc 1ap: 0r, 0s, o, n va Ks. Tham s két
ndi 16 thong trong ham dan khi thuy nhiét dd dugc ude tinh [Mualem, 1976] 13 khoang
0.5 trung binh cho nhiéu loai dit

1.2. Dich chuyén khong can bang cia cac chat hoa tan cé lién quan dén chuoi tuan

tu cia cac phan wng phan huy bac 1.
1.2.1. Cong thirc dich chuyén chit hoa tan tong qudt

Chung ta gia dinh rang cac chit tan c6 thé ton tai & ba pha (10ng, ran va khi) va
qua trinh phan hily va san xuét c6 thé khac nhau trong mdi pha. Tuong tac giita cac pha
ran va long c6 thé duoc mé ta bang cac phuong trinh phi cin bang phi tuyén, trong khi
tuong tac gitta cac pha long va khi duoc gia dinh 13 tuyén tinh va tic thi. Ching ta cling
gia dinh rang cac chit tan dugc van chuyén bang dong chay va phan tan trong pha long,
cling nhu bang hién twong khuéch tan trong pha khi. CAu tric téng quat cua hé thong

phan g phan hiy bic mét cho ba chét tan (A, B va C) nhu sau



Products Products
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Hinh 1.2. Hinh mé ta chudi phdn tmg cia cdc chdt khdc nhau
Trong do,c,svag lan luot dai dién cho néng dd trong céac pha long, ran va khi;
cac chi s6 phu s, w va g twong (mg voi cac pha rin, 1ong va khi; mii tén thing biéu thi
cho cac phan tng toc d6 bac khong (y) va bac mot (u, w’), va miii tén tron (kg, ks) chi
ra hé s6 phan b can bang giita cac pha. Cac vi du dién hinh vé chudi phan hiy bac mot

tuan tu 1a:

1. Radionuclides [van Genuchten, 1985]

Fpy —>> Py — PTh —> PRa

C1 § Cy $2 C3 S3 Cq S4

2. Nitrogen [Tillotson et al., 1980]
&2 N,
T
(NH»,CO — NH,” —>» NO, —>» NOy
\

€1 51 C2 52 C3 Cs

N,O

Céc vi du khac vé cac hop chit tham gia vao chudi phan huy sinh hoc tudn ty bao
g6m hormone [Casey et al., 2003, 2004], hydrocacbon aliphatic clo [Schaerlackens et
al., 1999; Casey va Simtnek, 2001], va thude nd [Dontsova et al., 2006]. HYDRUS hién
tai xem xét toi da mudi chat tan (ndm cho mo hinh d6 tham kép), ching c6 thé duoc két
ndi theo médt chudi mot chiéu hodc duoc phép di chuyén doc lap voi nhau. Phuong trinh
vi phan riéng biét diéu khién su van chuyén hoa hoc khong can bang mot chiéu cia cac
chat tan tham gia vao chudi phan hily tudn ty theo luu chat nude chay trong moi truong

x6p cting bdo hoa bién doi dugc lay tir [Siminek va van Genuchten, 1995]:

6



06c, Ops, oa,g, O , Oc Cc . 0g, | Oqc
= 0D |+ —| a,Df - |-— -1, -
/‘ /\ ’\" " C‘A‘

“(thyyy + 10,00 - ( + 11, psy - (M + 11,,)a,8, + 7,0+ 7, P +7 .4,

00c,  Ops, Ca,g _ O v ccA % . 0g, )| Oqc,
+ + 6D, + —| a.Df - -

ox
(M p + 1, )00, = (U + 1) Sy - (Mg + M, )a,8, + My za0C,, +

F U a1 PSka T Mg 13,850 T Yui@+ VPt VoG ~Tak ke (2.n,)

??cl+??sl+?a,,g1_l 7DW?i L ? Dg791 _?qc1
2t 7t 2t ?2x\ t?x) 2 1oy ?7x

_(Hw,1 + H(/m)? (o (Hs,1 + H;,J? S1— (Mg,1 + H’g,1)avg1 +w1? 217 +751a,

Ta1 —

??ck+??sk+?a,,gk:l 7D‘”?Ck +l Dg?gk _?qck_
7t 7t 2t 2x\ K 2x Uk 9% ?x

_(Hw,k + u\’/v,k)? Cx — (Hs,k + H;,k)- Sk — (Hg,k + Hg,k)avgk + Wy r-1? Ck—1 t
Flsr—1? Sk—1 t Wgro10pGk-1 2wk 7+ 26k 2+ 2k Ay — 7o ke(2,ng)
O day, c, s va g lan luot 12 ndng d6 chat tan trong cac pha 16ng [ML-3], rdn [MM-
1] va khi [ML-3]; q 12 mat do dong thé tich [LT-1], uw, ps va pg 1a hing sb toc do bac
nhat cho cac chat tan trong cac pha 16ng, ran va khi [T-1], twong tmg; pw’, ps’ va pg’ 1a
cac hing sb tbc do bac nhat twong tu, két ndi giira cac loai chudi ca thé riéng 1&, yw, ys
va yg 1a cac hang s6 toc do bac khong dbi vai cac pha 1ong [ML-3T-1], ran [T-1] va khi
[ML-3T-1], twong tmg; p 12 mat d6 tong hop cta dat [M L-3], av 1a ndng do khong khi
[L3L-3], S 14 thuat ngit chay nudc trong phuong trinh (2.1), ra 14 thuat ngir hap thu chat
dinh dudng tir r& [ML-3 T-1], trong trudng hop hip thu khong tich cuc, bang tich cua
thuat ngit hip thu S trong phuong trinh chay nudc (2.1) va ndng do cua thuat ngir hip
thu cr [ML-3], Dw 13 hé s6 phan tan [L2T-1] cho pha long va Dg 1a hé s khuéch tan
[L2T-1] cho pha khi. Nhu trude, cac chi s dudi w, s va g twong tng v6i cac pha 10ng,
ran va khi; trong khi chi sé k dai dién cho s chudi tht k va ns 12 s6 chét tan tham gia

vao phan tmg chudi. Chin hing s6 téc do bac khong va bac nhét trong (3.1) va (3.2) ¢6



thé duoc sir dung dé biéu dién nhiéu phan tng hoic bién ddi bao gdbm phéan huy sinh

hoc, bay hoi va két tua.

HYDRUS gia dinh twong tac khong can bang giira ndng do dung dich © va ndng
d6 hap thu (s), va tuong tac can bing giira nong d6 dung dich © va ndng d6 khi (g) cua
chat tan trong hé théng dat. Can bang hap thy lién quan dén s va ¢ dugc mo ta bang

phuong trinh phi tuyén tong quat

k .o’
xSk
5, =k ke (Ln)
Y l+ ek :
ey
Ao . Be=1 A Be ) .y A AN/ A
Os, _ k. Be'™ oc, Cx ok, B k™ on, . ke Ine, 0p,

ot (1+7]kcf“)2 or  l+mefs o (1+1}A_cf*)2 ot (1+17lkcfk)2 ot

R
kgc.®
s,k
+7 C
k
Br—1 B 283 Bk
75k ksxfrcy, 7y Ck ks B ks e, 7% kgrc,In?c¢, 7183,

= +
2 R 2 2
7t (1 _I_')k lejk) 7t 1 +7k Ckk 7t (1 _I_')k lejk) 7t (1 +7k C’fjk) 7t

Trong phuong trinh nay, cac hé sb thyc nghiém la:

(ks.k): cho hién twong hip phu tuyén tinh (don vi L3M-1).

(Bk): cho hién twong hdp phu theo mé hinh Freundlich (don vi [-]).

(nk): cho hién tugng hip phy theo md hinh Langmuir (don vi L3M-1).

Céc phuong trinh hip phu nhu Freundlich, Langmuir va tuyén tinh 13 cac truong
hop dac biét cia phuong trinh (3.3). Khi (Bk=1), phuong trinh (3.3) tr¢ thanh phuong
trinh Langmuir, khi (nk=0), phuong trinh (3.3) tr¢ thanh phuong trinh Freundlich, va
khi ca (Bk=1) va (nk=0), phuong trinh (3.3) dan dén do thi hip phu tuyén tinh. Van
chuyén chét tan ma khong cé hién twong hip phu duoc mé ta bang (ks,k=0). Trong
phuong trinh (3.3), cac hé s6 (ks.k), (Bk), va (nk) duoc gia dinh khong phu thudc vao
nong do, nhung cé thé thay doi theo thoi gian dya trén nhiét do. Pac diém nay s& dugc
thao luan sau.

Moi quan hé giita ndng d6 (gk) va (ck) dugc biéu dién bang mot biéu thirc tuyén
tinh

Gi = kg Ck k & (I,n)



Trong truong hop nay, (kg,k) 1a mot hang s6 thuc nghiém [-] bang voi (KuRuTx)-1.
[Stumm and Morgan, 1981]. Trong doé:

(KH) 12 hang s6 cua Dinh luat Henry [MT2M-1L-2].
(Ru) 14 hang s khi toan cau [ML2T-2K-1 M-1].
(TA) 12 nhiét d6 tuyét ddi [K].
1.2.2. M6 hinh hdp phu 2 thanh phin (Khéng cén bang hod hoc)

Khai niém vé hap phu hai phia [Selim et al., 1977; van Genuchten va Wagenet,
1989] (Hinh 3.1b) dugc 4p dung trong HYDRUS dé cho phép xem xét cac phan tng hip
phu-giai hap phu khong cin bang. Khai niém hip phu hai phia gia dinh ring cac phia
hap phu c6 thé duoc chia thanh hai phan:

S, =S¢ +s) ke (Ln,)

Phan loai 1: Hap phu trén phan nay duoc gia dinh 1a tic thi.
Phan loai 2: Hap phu trén phan nay dugc xem xét 13 phu thudc vao thoi gian

Trong trudng hop nay, hap phu (ske) trén mot phan ctia cac phia (cac phia loai 1)
duoc gia dinh 1a tic thi, trong khi hap phu (skk) trén cac phia con lai (loai 2) duoc xem

xét 1a phu thudc vao thoi gian. O trang thai cin bang, chung ta c6:

s =fs, ke (Ln)

.sé,':(l-f)sk ke (n)

O day, f1a ty 18 cua cac phia trao d6i duoc gia dinh & trang thai cin bang voi pha
dung dich [-]. Vi cac phia hip phu loai 1 ludn ¢ trang thai can bang, viéc vi phan cia

(3.6) ngay lap ttrc cho ra téc 6 hip phu cho cac phia cin bang loai 1.

Os® S
Os, . Os,

=i —

4 ot

ke (n,)

-~

C

e
I
7t

?7s
f?—tkke(l, ng)

Hap phu trén cac phia khéng can bang loai 2 duoc gia dinh 1a qua trinh tbc d6 dong
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hoc bac nhat. Theo Toride va cong su [1993], phuong trinh can bang khéi luong cho

cac phia loai 2 trong di€u kién c6 su san xuat va phan hiy duoc cho boi:

Ak

o
(S‘r- =0, {(1 ¥ ”]A -S‘fl'(/u+/’;Ak)3f+(l‘f)7x.;- ke (1,n)

2k B

i‘”‘ [((1- f)w—sk]—(Hsk+Hi5)5k+(1—f)?sk;k?(1»n5 )

Trong do: ok 1a ty 1€ hﬁng s6 bac 1 cho chit hoa tan ke, [T"]

Thay thé cac cong thirc trén dan dén

00Ruc: , gp ﬁ_L(E “’A) Be% oo 16 =0 Bl

kA
ot ot ox ox ox

?Ri, CK4 ?7ck ?7ck ?Bck
T +?Rk2 :7/7x([Ek 7 x ] - 7 x + Fka + Gk = O, k? (1,ns)

Trong d6 Ex [L*T™'] va Bk [LT™'] 1a hé s6 phan tan hitu hiéu va vén tdc hitu hiéu

duoc xac dinh nhu sau:

E, =0D; +a DDk, , ke (Lin,)

Av

Ok
B/\' = q = a\'Df ag -

ox

ke (Ln,)

Cung v6i d6 hé sb Fi va Gy dugc dinh nghia boi:

. Be-1
s kCk

F(6) = (g + 4,00 - (4,4 + /’;.A—)f’fﬁ (Mgt :“ K ak,

a b1
/\ s./\'cl\'

-, l- e
]\p( f) l+]7kcfk

G(e) =70+ 7, P+ rau-T, + @ ps; - pfa(c)

Bra-1
é
~ sA -1"k-1
Gp(ep) = (fy 1,0+ fhy lfpl B +/“o1. ak, ) ¢ L M PSE + T 0+

T 10k

HV g S PV s, Ty T O psi - pre(c,) k& (2 ,1,)
Trong d6 bién d6i cia gx duwoc danh gia cho kha ning thay ddi cua cac thong sb
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hap phu gy ra bai su thay doi nhiét do trong hé théng nhu sau

B Ok - o 5 . B A
e Ok kaq™ onm, i ko Ine ¢t op;

g(c)= k e (Ln,)

Clepel o (el ) o (+nck) o
Nhu vay trong khi can nhic vé s6 hoa va lap trinh, tong hé s tré Ry [-] duoc st
dung trong cong thirc trén dugc chia thanh Ry lién quan dén pha 16ng va khi va phan

khac Ry, lién quan dén pha ran.

a\‘ g.k
Rm(ck):l"'T k ¢ (Ln,))

fr, . Beel™
Ro(c) =Lt D% k¢ (Ln)
O (1+m, c;*)

a. One Kinetic Site Model b. Two-Site Model  c¢. Two Kinetic Sites Model d. Dual-Porosity Model with e. Dual-permeability Model
One Kinetic Site with Two-Site Sorption
[tmmob) Mob. Slow | Fast
e k o “I% e e<_ [ > T e
§¢ > S s Smo S, Sf
Lo 0 0 e, |8, 6, | 6
k e
A S l
c i c " c Cin | Cono . A "
N e S 2 > S mo S m S f
<+ > >
-

Hinh 1.3. Cdc mé hinh hdp phu trén tram tich
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CHUONG 2 - XAY DUNG MO HINH
2.1. M6 hinh khai niém

DPé mo phong dich chuyén cua kim loai ning trong khu vuc nghién ctru, mé hinh

khéi ni€ém hé thong duoc thiét lap vdi cac dicu kién bién va dau vao nhu hinh dudéi:

B cap qua mua, C, bién loai 1

W

No Flow 4’/’

49m

W

Free drainage, Q, Ct

Hinh 2.1. M6 hinh khdi niém mé phong dich chuyén kim loai ndng
2.2. Cac thong s6 diu vao
Pé xiy duyng mo hinh, cic thong sé dau vao duoc gan dua theo céc tai liéu thu
thap. Trong nghién ctru ndy, do qua trinh ngdm trong d6i khong bao hoa chu yéu theo
chiéu thang dung (1 chiéu) vi vdy mo hinh duoc xay dung véi dang 1D véi pp phan tir

hiru han lu61 6 vuong (
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2.3. M6 hinh s6

Mé hinh s6 duogc thuc hién nhim md phong lai thi nghiém trén phﬁn mém
FEFLOW véi phuong phap tinh toan phan tir hiru han 1 chiéu.

Thong sb mo6 phong co:

- Chiéu dai: 49m

- S6 lwong phan tir hitu han 3320 véi 3320 element, 3321 node

- Thoi gian m6 phong 20 nam

- Budc thoi gian nho nhét 1E-5 phat va 16n nhit 13 0.05 ngay

M0 hinh dong chay duogc st dung 1a mé hinh van Genuchten - Mualem (1980) voi
5 tham s tinh toan.

Mo hinh dich chuyén vét chit duoc st dung 1a mé hinh hip phu 2 phia véi trang
thai khéng can bang hoé hoc.
2.3.1. Lwong bé cip

Luong bo cap duogc xac dinh theo lugng mua va dugc gan vao mo hinh véi ty 1€

bd cap la 15% luong mua thuc té:

25 Time-series Editor ? X

D: 1 v | | % Name: RainFall Curve type: Linear v Time mode: Linear O
0.0002 =
108 & X il ~

RLALITTaL e

Time [d] Value []

-0.0002

-0.0004

oo 2 1

-0.001 15 14

-0.0012 18 17

0O 0000000000000 O0OO0O0O0OOOOo

-0.0014 21 20

23 22 -1.575e-05
-0.001

-0.0018

-0.002 29 28

-0.0022 2 3

cooooooocooo

-0.0024 35 34 -6.75e-06
36 35 0

-0.00: 38 37 -2.25¢-06
-1000 1000 2000 3000 4000 5000 6000 7000 8000 9000 39 38 225006 v

Import... Export ¥ Delete ~ Cancel Apply

Hinh 2.2. Lwong bé cdp dwa vao trong mé hinh
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2.3.2. Lwong béc hoi

Luong bdc hoi thyc té ciing duoc dua vao mé hinh, tuy nhién lugng bde hoi tinh

toan dugc tinh todn cudi cung thong qua d¢ 4m cua element tinh toan:

<5 Time-series Editor ? X
m: 2 ~ | | Name: Evapo Curve type:  Linear v Time mode: Linear - @
0.012 O X e k-
0.0115 Time [d] Value [] ]
oo 1 0.0033
2 0.0033
0.0105 3 2 0.0039
4 3 0.0036
0.0% 5 4 00032
OETES 6 5 0.0026
7 6 0.0026
0.009 8 7 0.0032
9 8 0.0037
0TS 10 9 00028
0 110 0.0036
2 M 0.003
0.0075 1312 0.0023
14 13 0.0025
2007 1514 00028
0.0065 16 15 0.0026
17 16 0.0033
0.006 18 17 0.0039
00055 I ) 19 18 0.0053
4 20 19 0.0064
eos | ik " 21 20 0.0054
][‘ 2 21 0.0038
0.0045 - 23 22 0.0023
o | 24 23 0.0038
. 25 24 0.005
QTS L1 M. 26 25 00052
i 27 2 0.0066
0. | 1 428 27 0.0051
o | 29 28 0.0049
: | '| Il = 30 29 0.0064
0.002 i Il 31 30 0.0052
| | 2 3 0.0056
0.0015 I 33 32 0.004
ool 34 33 0.003
35 34 0.0026
0.0005 36 35 0.0024
37 36 0.0026
38 37 0.0028
-1000 1000 2000 3000 4000 5000 6000 7000 8000 9000 39 38 0.0034 v
Import... Export  ~ Delete ~ Cancel Apply

Hinh 2.3. Lwong béc hoi dwa vao trong mé hinh
2.3.3. Théng sé tinh todn ciia dong chay
Thong sb tinh toan dong chay khong bdo hoa van Genuchten - Mualem (1980)
duge du bao dua trén s6 liéu thanh phén hat phan tich tai khu vuc nghién ctru véi 5 tham

sO tinh toan:

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

Hinh 2.4. Tham s6 tinh todn dong chay khéng bdo hoa
2.3.4. Thong sé dich chuyén

Thong sé dich chuyén cia cac kim loai ning theo mé hinh hap phu 2 thanh phan

duoc tinh todn dya trén céac thi nghiém cot tham cua cung loai dat da léy tai day da duogc
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XUt 1y tir trude. Cac thong s6 nay dugc tong hop bén dudi:

Observation Nodes: Concentration

40 Cd

0 20 40 60
Time [min]

Kd (cm3/g) Beta (Freundlich o (1/Phut) RSQUARE
exponent)

80

100

Observation Nodes: Concentration

5
)
3

g

X

g2

315
10

5
o4

Ni

0

20

40

60

Time [min]

80

100

Observation Nodes: Concentration Observation Nodes: Concentration

45 45

40 Zn 40 Pb
3 ; 3%
g2 ; & 30
2% 2%
g2 g
31 815
10 10
5 5
04 / ol
0 20 40 60 80 100 0 2 4 60 80 100
Time [min] Time [min]

Cd
Ni
Zn

s |
R e

0.55
0.5
0.47
1.2

0.35
0.32
0.3

0.78

0.34
0.35
0.33
0.34

0.22
0.39
0.39
0.81

Cat gh Binh Thuan

1.005 0.0054 0.99
1.07 0.0083 0.99
1.06 0.01 0.99
1.005 0.021 0.99

Hinh 2.5. Tham s6 tinh todn dich chuyén khéng bdo hoa

2.3.5. Gin cdc tham sé trong mé hinh FEFLOW

Mo hinh FEFLOW duoc khai bio v6i md hinh khong bio hoa va c6 dich chuyén

vat chat:

Projection

® @

Horizontal @ Vertical, planar

Simulate flow via...

O Vertical, axisymmetric

@ O standard (saturated) groundwater-flow equation

Unconfined conditions

@ @ Richards' equation (unsaturated or variably saturated media)

Include transport of...

T e
: [ Age
[] Heat
State
e
l_fl) Flow and Transport: Steady

Missing scenario description? Go to Meta Information page...

=

Custom features

[:[ Hydrodynamics

[[] Hydromechanical coupling H
D PHREEQC chemical reactions _]

[] Freezing and thawing H

Transient

Hinh 2.6. Khai bao mo hinh FEFLOW

Céc khai bao vé dich chuyén vat chit khéc:
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Chemical species

Each species is associated with either the fluid or the solid phase:

fluid - Species is dissolved in a mobile fluid phase

(subject to diffusion, dispersion, and advection)

solid - Species is bound to an immobile solid phase
(not subject to any transport mechanism)
& Import... ™ Export... X
Name Phase Reaction

1 Cd(f) Fluid User-defined

2 Ni(f) Fluid User-defined

3 Zn(f) Fluid User-defined

4 Pb(f) Fluid User-defined N I Edit...

Hinh 2.7. Khai bao tinh toan hoa hoc

<3 FEFLOW Reaction Kinetics - Expression Editor

f(x) = Reaction Kinetics

EEHED « = & @ (@ 0y o°
Iy if = 2 < = > = od or not
f =0.16667 17 K =SORP

e 9 T - #1

R#1 = -<Ra’ce#2 i Sol[dFrac2 g K+ SolldFrac2 K- Rate#1 + PORO#1 . Rate#1 > C#1 + Rate#2 . SoIldFrac2 «[C

+ — X

frue false

o mo
o O

NiA e

4 sincsabs ln e” @ 0 e [ T

€] ) €] €O

#2

Hinh 2.8. Khai bdo tinh todn hod hoc tuy bién ciia FEFLOW

2.4. Két qua mé phong:

Két qua mo phong 1a duong bién dong ham lwong kim loai ning tai vi tri cudi cing

cua c0t mo phong:
250.00
200.00
150.00

100.00

Concentration (ng/cm3)

50.00

20000

25000

Zn

Ni

30000

Time (Day)

35000

Pb

—=Zn
—Ni
Pb
cd

40000 45000 50000

Cd

Hinh 2.9. Két qua tinh todn mé phéng cho 4 kim loai ning

Dua trén két qua mo phong cho thay thoi gian dé cac kim loai dat t&i gid tri bang

voi gia tri hién tai trong bai rac:
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Kim loai
Zn
Ni
Pb

Cd

Ngay

24700
27000
36100

47700

Hinh 2.10. Két quda thoi gian t6i da

Thoi gian dat C max

17

Nam

67

73

98

130

Théang



KET LUAN

Bio c4o trinh bay viéc sir dung mé hinh s6 phan tir hitu han FEFLOW trong viéc

tinh toan mo phong dich chuyén kim loai ning trong TCN gh tai bai cat Binh Thuan.

Két qua xdy dung mé hinh cho phép tinh toan thoi gian kim loai ning x4m nhép

vao TCN qp.
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