UNG DUNG CUA PHUONG PHAP THE TICH HOU HAN CHO MO
HINH THAM KHONG BAO HOA TRONG MOI TRUONG BAT DO
VOI TUGI NHO GIQT
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Tém tat: Phuwong phdp thé tich hitu han mé hinh héa sw phdt trién mién tham trong ddt theo
thoi gian duéi tic dung ciia vOi twdi nhé giot dang diém dwoe trinh bay trong bai nay. M6 hinh
tham dwa trén phwong trinh Richard cho hé toa do tru. Két qud bai toan - dé dm trong dat duge Xac
dinh mét cach nhanh chong dwa trén nhitng wu diém cia phwong phdp thé tich hitu han, bao gom
Viéc sai phén khéng phirc tap va téc dé tinh todn nhanh chéng. Cac loai dat bao gom cat min, ddt
thit pha cat, cat pha thit va dat thit pha sét la doi twong nghién ciru. Sw phat trién cia mién tham
bgi mé hinh dwge kiém chirng véi két qua nghién ciru da 6 va Két qud thi nghiém. Két qua mé hinh
thé hién sw phU hop giita tinh todn trong mé hinh va két qua ciia nghién ciru da c6 ciing nhuw két qua

thi nghiém cho cadc loai datnéu trén.

Tir khéa: Phuong phép thé tich hitu han, M6 hinh thim, Moi truong dat

1. GIOI THIEU CHUNG

Dy béo chuyén dong cia nudc trong dat
khong bdo hoa la van d& nghién ctu cia nhiéu
nganh khoa hoc nhu khoa hoc dt, ki thuat néng
nghiép, ky thuat méi truong va dia chat thay
van. Hau hét cac nghién ciru déu dua trén
phuong trinh co ban Richard. Trong linh vuc
mo hinh thim khéng b&o hoa trong dat do voi
tudi nho giot, nhidu mo hinh s6 d4 duoc phat
trién. DSi véi phuong phap giai tich, md hinh
don gian héa dang ban cau cho thim khong bio
hoa dang 6n dinh do voi tudi nho giot dang
duong/diém dwoc su dung dua trén gia dinh
mién thim dang béan cau va nghiém tuyén tinh.
MO hinh ndy dugc phéat trién boi A. N.
Angelakis, (1993), Bresler (1977), Warrick
(1973) va Phillip (1971). Tuy nhién, c6 nhitng
ton tai cia md hinh bao gém nhiéu gia dinh nhu
khong ton tai I6p nuéc bé mat, dong chay on
dinh va quan h¢ liy thira gitra &p lyc nuédc va hé
s6 tham dé tuyén tinh héa phuong trinh
Kirchoff. Véi truong phai dong chay phi tuyén,
chi ¢c6 cac phuong phap sé méi dap tmg dugc
yéu cau phi hop giita thuc té/thi nghiém va két

! cong Ty Archipelago Resources Plc.
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qua mo hinh. Heally va Warrick (1988) da thanh
codng trong md hinh tham khong bo hoa trong
dat do voi tudi nho giot bang tng dung phuong
phdp sai phdn htu han cho phuong trinh
Richard bién thé khong don vi. Tur thanh cong
nay, tac gia d& xay dung cong thic kinh nghiém
cho phan bé 4m trong dat. DU sao, su tng dung
van con phuc tap boi két qua tinh toan ¢ dang
d6 4m khong don vi. Gia trj thuc cua do am phai
dugc tinh toan thém mot buoc tiép theo. Mo
hinh cua Elmaloglou and Malamos st dung
thuat toan ADI ciing d& thanh cong trong két
qua nghién ctu véi gia dinh vé didu kién ban
dau cua do am cling nhu ¢c6 diéu kién ton tai l6p
nuéc trén bé mit dat. Gan day nhat, nhom tac
gia cua Arisotle University of Thessalniki
(2001) d4 tng dung phuong phap thé tich hitu
han cho dat khong dong nhat nhung dang tiéc
chi gi&i han cho bai toan mot chiéu.

Trong nghién ciru nay, phuong phap thé tich
hitu han d8 duoc tng dung cho mé hinh hai
chiéu dudi tac dung cta vOi tudi nhod giot, mod
hinh héa thim trong dat khong bdo hoa. Mo
hinh ¢6 ké dén xtr ly duong bién tham ngang
trén bé mat cho dat dong nhat va diéu kién ban
dau tu do ciia d6 4m. D& mo ta dong chay khong
bdo hoa, phuong trinh Richard phi tuyén ciing
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duoc sir dung véi cac diéu kién bién bao gom
bao toan khéi lwong nude két hop voi dinh luét
Darcy cho dat dong nhat, nuéc khong nén dugc,
khoéng c6 hién tuong tré trong chuyén dong
thdm, ap luc khong khi va nhiét do trong dat
khong d6i va khong c6 hoa chat di kém trong
qua trinh thim.

2. PHUONG PHAP NGHIEN CUU

Hinh 1 mé ta ludi tinh toan hai chiéu. Ving
b&o hoa trén bé mat mit dat tai thoi diém ban
dau do voOi tudi nho giot 1a Rs(0). Theo thoi
gian nho giot ctia vOi tudi, mién thim dugc phat
trién theo 2 chiéu ngang va sau theo cac truc x
va z tuong ung. Do kich thudc ludi tinh toan
nho nén d6 am tai cac bién duogc gia dinh co do
bién thién khong d6i. Ngoai ra, do tinh chat
d6ng nhat cuia dat va tinh ddi xtng theo toa do
try, md hinh ba chiéu c6 thé dugc thé hién boi
mé hinh hai chiéu.

Voi nho giot

Bién tinh toan
Bién tinh toan

z -1 i i+1 D
Bién tinh toan

Hinh 1. Ludi tinh todan va dinh hudng sai phdn

Phuong trinh md phong

Theo tinh chit bao toan khdi luong, phuong
trinh Richard két hop véi dinh luat Darcy cho
dong tham khong bdo hoa trong dat dong nhét
V61 hé toa d6 tru dugc mo ta nhu sau:

%=£i(rD%)+£(D%)—%—S(r,z,h) 1)

ot ror oo o0z o0z oz

Trong d6: 0 : dd 4m (L%/L%); r va z: c4c thanh
phan toa do; z co chiéu duong hudng xudng; D:
hé s6 khuyéch tan(L%/T); K: Hé s tham khong
bdo hoa (L/T); t: Thoi gian (T); S(r, z, h): ham

s6 biéu thi sy hiit nudc cua ré cay.

Piéu kién ban dau

Do am tai thoi diém ban dau, trudce khi tusi
nho giot duoc gia dinh dong nhat.

0 (r,z,t=0)=6,

Piéu kién bién

Theo ty nhién, khi luu lugng tudi vugt qua
kha ning thim cia dat, mot 16p nudc mong trén
bé mat dat dugc hinh thanh va phét trién rong
theo thoi gian. Yéu t6 ndy anh huéng dén kich
thudc mién thdm. Vi vy, diéu kién bién duoc
chia 1am hai giai doan:

Giai doan 1: Nudc thim truc tiép tir voi tudi
vao dat v6i luu lwong ban dau qo va béan kinh
udt Rs(0). Pat duge 1am am tir trang thai kho
ban déu, tién dan toi trang thai bao hoa.

Giai doan 2: Sau thoi gian ti, khi luu lugng
(o vuot qua kha nang thim cua dat, ban kinh wot
Rs(0) nhanh chdng bdo hoa va phat trién rong
dan theo thoi gian. Vi vdy, ban kinh b&o hoa
tang dan.

Bé mit dat tai giai doan 1

Gia dinh mo hinh khong dugc b sung bai
mua, diéu kién bién cho bé mat dit trong ban
kinh b&o hoa Rs(0) dugc mé ta boi:

q_—DZ—e—qO—ED (2=0,1 e WF(t), 0<t<

z
t1, o 1a uu lwong vOi tudi nhod giot, WF: ban
kinh bao hoa tai bé mat dt tai thoi diém t.

q= -Eq (Z =0, 1 ¢ WF(t), 0<t< tl); Eo:
lwong bdc hoi cua dt.

Tai cac bién cua ludi tinh toan (hai bién va
day) cua giai doan 1, gia tri 0 (46 am) 1a khong
dbi hay nodi cach khac, luu lugng tai cac bién
bang khong. Piéu kién bién dugc mé ta boi

Dﬁzo (r=0hodacr=r,0<t<t,z>0)
or

Daa_":o (z=2,0<t<t)
VA

Trong d6 1 va z,_ 1a khoang cach xa nhét cia
ludi theo hai chiéu rong va sau tuong ng.

Bé mit dat tai giai doan 2:

Tai nhitng thoi diém ndy (t > t), ban kinh
bdo hoa Rs(t) phat trién theo thoi gian. Vi gia
dinh ap lyc thim do 16p nuéc mong miat dat
duoc bo qua, diéu kién bién duogc viét:
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0=0, (z=0,r e WF(t), t>1;)

q=-Eo (z=0,r ¢ WF (1), t>1y)

Tai cac bién cua lu6i tinh toan, diéu kién
bién thé hién nhu giai doan 1. Tuy nhién, diéu
kién can bang khdi lugng nude duoc bd sung
cho giai doan nay dé mo ta sy phat trién cia ban
kinh bao hoa Rs(t) tai bé mat dét:

Nguyén tic: Khdi lwong nudc tir vOi tudi nho
giot phai bang tong lugng nudc da tham (va boc
hoi néu ké dén). Tai khdi luong dat da duoc
thim, lwgng nude thAm cho mdi khéi luong dat
(rdrxdzxde) dugc tinh bellng1 90 xdrxdz Vi vay,

+

phuong trinh Cén bﬁng khéi luong duogc xac dinh:
Qt j | [(—) —( Solrdrz 2

(Q: Luu luqng vOi tudi nho giot, Q: Mién
thim theo hinh tru tai thoi diém t)

Gia tri dd am

Phuong trinh (1) dugc giai boi phuong phap
thé tich hiru han theo Patankar (1980) - phuong
phap da dugc tng dung cho mé hinh s§ dong
chiy dong Ilyc va truyén nhiét. Tich phéan
phuong trinh 1 véi cac nit tinh toan trong hinh
1 ¢6 két qua nhu dudi day.

idzi rdrt]‘At 2—fdt = T dtidzji r g(rD Z—?)dr + H'!.m dti rdrig(D Z—f)dz - H.!.m dti rdrii—tdz

t+At S

- dtjdzjrS(r z,h)dr

t
Phuong trlnh duqc roi rac hoéa voi gia
dinh d6 4m 0 tai mdi nut tinh toan dai dién

hinh 1). Viéc roi rac hoa c6 tng dung bién
phap noi suy bac thang va tuyén tinh, cho

cho mot 6 tinh toan xung quanh né (nhu  két qué nhu dudi day.
2 2 _
" pz(0, —68) = aza(rD, =% p % QN) WAt(D % =0 _p %0

2 2 2 2
r

k ;rw MK, —K )= ;rw AZAS (1, 2,h)

Phuong trinh roi rac hoa dugc thé hién dang
chung nhu dudi day

a0, =30, +a0 +a 0 +a0, +ad +b 4)

Trong do: a,,a;,a5,ay,a, a b hé sb cua
phuong trinh rdi rac; 6,,6,,,6c,6, 0,05 gid tri
d6 4m tai mdi nat tinh toan. Chi sé “0” trong
02,al thé hién gia tri 46 4m 6,,a, tai budc tinh
toan trudc.

Tir phuong trinh (4), dé tim cac gia tri d6 4m
tai cac nat N, S, W, E, phuong phap 1dp Gauss
Seidel theo hang dugc ap dung. Gia dinh cac gia
tri d6 4m tai cac niit N va S, phuong trinh (4) tro
thanh:

-a,,0, +a,0, —a.6. =d (5)
Trong do:
d =a,60, +a.0, +al6; +b (5)

Phuong trinh (5) ¢6 dang ma trdn ba duong
chéo, c6 thé dugc giai bang may tinh boi thuat
todn TDMA (Three Diagonal Matrix Algorithm)

Lwong bbc hoi

Dé ¢6 thé so sanh két qua tinh toan véi mod
hinh ctia Elmaloglou and Malamos, lugng bdc hoi
dugc tinh  toan v4i  clng cdng thuc
E, = E, exp(sh) trong do: Eo: lugng bdc hoi cia

dat; Ep: lugng bdc hoi tiém tang (E, =0.01 cm/h)
8 =0.001: hé s6; h: ap lrc hoi nudc, lién quan téi
d6 4m. Nhu vay, lugng bdc hoi khong chi phu
thudc kha niang bdc hoi (Ep) ma con phu thude do
am cua dét. Eo giam khi d6 am giam.

Ham sb biéu thi sirc hiit nwéc ciia ré cay

Ham sb biéu thi sy hut nudc cua ré ciy co
dang tuyén tinh, dé xuét bai Feddes (1976) dugc
&4p dung trong mo hinh nay nhim so sanh két
qua tinh toan véi mé hinh cua Elmaloglou and
Malamo. Ham sb ndy bi giéi han bai kich thudc
mot chiu ciia nd (theo chidu séu) Tuy nhién,
md hinh nghién ctu trong bai nay khong gioi
han boi mé hinh 1 chiéu. Luong mat nudc boi
ré cay duoc thé hién boi: S(z,h) =a(h)u(z)
trong d6, a(h): ham sb thé ning cua nudc theo
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dd thi gdy khlc giéi han boi cac toa do: (-10.0,
0.0); (-25.0, 1.0); (-300.0, 1.0) va (-8000.0, 0.0).
u(z) = g(a —b|z|) 1a ham s6 phan b6 ré cay voi
o ¢6 gia tri 1on nhét 14 0.15 102 cm®em>h™ tai
bé mat dat, b co gia tri 0.222 10 cm™h™ 13 hé
s6 triét giam va g 1a hé s6 khong ddi trong diéu
Kién thoi gian (ban ngay).

3. KIEM CHUNG MO HINH VA THAO LUAN

Loai déat va tinh chét co' ly cia dit

Dé c6 thé so sanh véi két qua ciia mo hinh
cua Elmaloglou and Malamos, hai loai dat: cat
pha thit va thit pha sét dugc Iva chon theo tinh
chit loai dat phan cip boi USDA (Schaap and
Leji, 1998).

Thong s6 vat 1y cta cat pha thit va thit pha
sét dugc xac dinh khong qua thi nghiém ma dya
trén mdi quan hé co ban giita thé ning cia nudc
va do am. Hé sb khuyéch tan va hé sb thim
khong bdo hoa dugc xac dinh theo dé xuét cua
Van Genuchten (1980). Cac mbi quan hé thuc
nghiém duoc thé hién dudi day:

6(h)=6, + _6,-6,
1+ (—«h)"]"

K(h) = Kseaoh D=K /(di)

dh

Trong d6: 0, 46 4m du (cm3lcm3); 0s: do am
bdo hoa(cm*/cm®); h: thé nang cia nudc trong
dat (cm); Ks: hé sb thim khong bdo hoa

(cm/min.); a, ap, M, N: C4¢ hé sb thuc nghiém.

Ngoai ra, md hinh cling chay thir v4i cat hat
min va thit pha cat. Két qua mé hinh cua hai loai
dat nay dugc so sanh voi két qua thi nghiém.

Ca hai loai dét trén duoc 14y mau tai khu dat
thi nghiém cua truong dai hoc Kyushu, Nhat
Ban. Céc thong sb vét 1y (hé sb tham khong bdo
hoa, hé s6 khuyéch tan) cia cat min va dat thit
pha sét dugc xac dinh thong qua thi nghi¢m,
ung dung béi phuong phap Bruce & Klute
(1956) @& xuit va phuong phap pF theo mbi
quan hé giita ¢6 4m va thé nang ciia nudc trong
dat. Cac thi nghiém déu d& dugc thyc hién tai
truong dai hoc Kyushu, Nhat Ban.

Dir li¢u dau vao

Céc thong s vat ly cua cat pha thit va thit
pha sét duoc dua vao mé hinh dé chay thir va so
sanh véi két qua cua Malamos. Ddi véi ca hai
loai dét, kich thudc luéi tinh todn 1a 50x60 nit
theo r va z tuong @ng Véi budc ludi 1 cm. Dé
kiém tra d6 6n dinh cia md hinh, cac hé sb hoi
tu khac nhau duogc su dung.

Thong sé vat ly cua cac loai dat con lai: cat
hat min va thit pha cat ciing dugc dwa vao mo
hinh dé tinh toan mién tham. Két qua md hinh
cho loai dit nay dugc so sanh vai két qua thi
nghiém. Chi tiét duoc thé hién trong bang 1.

Bdng 1. Dir liéu nhdp
ch,h Budé . .. Péam .
o Lwulrong Q  thwde .. . Tong thoi gian He so hai tu (fir + den),
Loai dat i thoi gian . ban .
: (Vh) 18241 . (min.) 5 buoc
(min.) dau 6,
(cmxcm)
Cat pha thit 2.0,3.0,40 50x60 5 150, 120,90 0.1 (0.05+0.2),0.05
Thit pha sét 2.0,3.0,40 50%60 5 540, 360, 270 0.155 (0.05+0.75),0.05
Thit pha cat 1.0 50%50 1 270 0.041 02
Cat min 34 5050 1 150 0.004 1.0

V6i cing thong sé dau vao, két qua tinh
toan dugc so sanh voi nghién ciu cua
Elmaloglou &Malamos. St. EImaloglou & N.
Malamos (2003) dé xuit cong thiac kinh
nghiém tinh toan chiéu sau thim va chiéu rong
thim tuong tng: V = d,T% va R = d,T* trong
d6 V, R chiéu sau, chiéu rong thim (cm), dv,

dr, cv, cr 1a cac hé sb hiéu chinh va T thoi
gian (theo gio) (Bang 2). Cac thong sd nay da
dugc Elmaloglou &Malamos nghién cau va
lya chon cho phU hop véi hai loai dat trén. Két
qua tinh toan chiéu ngang va chiéu sau thim
trong mé hinh dé xuat s& dugc so sanh voi R
va V tuong Ung.

Bang 2. C&c thdng sé tham khdo cho tinh todn chiéu sdu, chiéu réng tham

Luu luong Thong sb cho thit pha sét Thong sb cho cat pha thit
Q(1/h) dv oV dr cr dv cv dr cr
2.0 19.670 0.380 21.650 0.307 19.760 0.399 19.450 0.275
3.0 21.060 0.388 24.400 0.297 21.200 0.419 21.750 0.270
34 4.0 21.900 0.397 26.600 0.293 22.470 0.428 23.680 0.267 (9/2012)




So sanh mién tham giira két qua tinh toan
va két qua tham khao

Hinh 2 biéu dién két qua chiéu rong, chiéu
ngang thim theo tinh toan tir md hinh va tir
két qua tham khao. Cac duong cong bén tréi

d6 thi biéu dién qua trinh phat trién thim
ngang, trong khi cac dudng cong bén phai cua
mdi d6 thi biéu dién sy phat trién chiéu sau
thim theo thoi gian, théng nhat cho ca hai do
thi.

So sanh miln thim - BIt thit pha sét
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So séanh chilu siu thim - Cat pha sét
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Hinh 2: So sanh chiéu sau va chiéu ngang tham giiza két qua tinh toan va sé liéu tham khao

Chu thich:

eeee Ref. R;Q=4.0 eeee Ref.V; Q=40 _

Calc.R; Q=4.0 Calc.v; Q=40
====Ref.R;Q=3.0 ====Ref.V;Q=3.0
Calc.R; Q=3.0 Calc.v;Q=3.0
= . =Ref.R;Q=2.0 - .« =Ref.V; Q=20 -
Calc.R; Q=2.0 Calc.Vv;Q=2.0

Két qua cho thay c6 sy khac nhau nho giira
két qua tinh toan caa mé hinh nghién ctu va
cong thic kinh nghiém. Tinh toan sai s6 cho
chiéu rong va chiéu sau tham giira hai két qua
trong cling mdi budc thoi gian cho thay, ddi voi
cét pha thit, sai s6 twong d6i dao dong tir 10% -
12% trong 10 phut dau. Trong thoi gian con lai,
sai s6 dao dong tir 0.1% dén 8%. Ddi véi dat thit
pha sét, sai s6 twong dbi & muc thap hon, dao
dong tir 0.1% dén 6.2% cho ca két qua tinh
chiéu sau va chiéu rong thim trong toan qué
trinh tinh toén.

Su khac nhau nay dwgc cho la do sai khac
cua cdng thuc kinh nghiém va do am ban dau
cho tinh todn. Gia tri d0 4m ban dau cua
Elmaloglou&Malamos thay d6i dan theo chiéu

Ref. R: chiéu ngang tham tham khao (St. Elmaloglou

& N. Malamos (2003);

- Ref. V: Chiéu sau tham tham khao (St. EImaloglou &
N. Malamos (2003);

- Calc. R: Chiéu ngang tham tinh toan theo mé hinh

Calc. V: Chiéu sdu tham tinh todn theo mé hinh

Q: huu lwong tudi (tir 2.0 dén 4.0 1/h)

sau. Tuy nhién, ca hai két qua déu c6 cing xu
hudng.

So sanh mién tham giira két qua md hinh
va két qua thi nghiém

Thi nghiém xac dinh théng s6 vat 1y da duoc
thuc hién cho cét va thit pha cat. Thi nghiém tha
nhat dugc thuc hién nhim xac dinh cac hé sb
thim khong bao hoa va hé sé khuyéch tan dbi
v6i mdi 6 am caa ting loai dat, ang dung bai
phuong phap Bruce & Klute (1956) dé xuit va
phuong phap pF theo mdi quan hé giita d6 4m
va thé ning ctia nudc trong dat.

Thi nghiém tht hai duoc thyc hién nham theo
ddi sy phat trién mién tham boi cac gia tri luu
lugng khéc nhau cua voi tugi nho giot. Khbi dat
nhan tao véi kich thudc 50x50x50 (cm) vai cung
dung trong, d6 4m ban dau va sy doéng nhat da
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duoc thiét 1ap co lp dat cac dau cam tng nhiét
va dién nham theo ddi dién bién am trong khdi
dat dugc thyc hién. Do sy giéi han kich thuéc
khéi dat (50cm mdi chiéu) va dé ¢am bao rang
day cam tng chi anh huong téi thiéu dén sy thay
dbi lan truyén am caa dét, chi 4 hodc 5 dau cam
ng nhiét dat theo d6 sau cua khéi dat, cach nhau
5cm va bat dau tir do sau 2cm so Vi bé mit dat.
Két qua lan truyén 4m theo chiéu sau duoc phan
tich theo su thay dbi cia dau cam tng. Ddi véi

thAm ngang, chiéu rong thaim duoc xac dinh bang
quan sat mat thuong, c6 camera hd tro. Thi
nghiém nay nham kiém chimng su sai khac cua
mo hinh nghién ctru.

Két qua md hinh va thi nghiém cho chiéu
rong, chiéu sau thAm déi véi cat min va thit pha
cat dugc thé hién trong Hinh 3. Sy sai khéc giira
cac két qua duogc so sanh tai 4 hodc 5 thoi diém
roi rac twong ung voi moi loai dat: thit pha cét
hoac cat min.

So sanh mién tham-Thit pha cat; Q= 1.01/h

300

40
=35
£
w 25
§ 20

15
£ 10
E 5

0

0 100 200
Thei gian (phut)
——Thdm ngang-md hinh —i—Thdm ngang-quan sit

200 100 0

= = w o
V,] o

Chiéu sau tham (cm)

N
o

300

——>Thidm sau-mo hinh  —#=—Thdm sdu-quan sat

Thm ngang (cm)

So sanh chi g sau th m - Cat m m; Q =3.4l/h

100 80 60 40 20

0
40 1 1 1 0
35 — S
30 - 4 °E
25 /I/ L 10 &
20 =
15 / 153
10 % L 20 .'(gp
5 S
0 y . . 25
0 20 40 60 80 100

Thoi gian (phuat)

e Thm ngang - mo hinh g Th m ngang - quan sat

——Thm sau - md hinh —4—Th m s&u - quan sat

Hinh 3. So sanh mién tham giita két qua mé hinh va két qud thi nghiém

Dbi véi ca hai loai dit, chidu rong va chiéu
sau thdm ctia mo hinh ¢6 xu hudéng phd hop véi
két qua thi nghiém. Dé dinh luong su khac biét
gitta cac két qua ctia mo hinh va thi nghiém, sai
s6 tuong d6i giita cac két qua duoc thiét lap.
Dbi voi cat min, sai sb twong ddi cia chiéu
rong, chiéu sau tham giita két qua mo hinh va
két qua thi nghiém tai cing thoi diém dao dong
tir 1.7% - 10%. Sai sé tuong ddi nay trong
truong hop dét thit pha cat ciing dao dong trong
khoang twong tu: 1.9% - 10.3%. Hau hét sai sb
I6n nam trong thoi diém ban déu (4 phat dau ddi
VGi cat min va 20 phit dau dbi voi dat thit pha
sét) do qué trinh hinh thanh tham trong 15 rong
khong 6n dinh ban dau.

Sw hoi tu trong tinh toan

Tinh hoi tu két qua tinh toan duoc kiém
ching béi cac loai dat cat pha thit va thit pha
sét. i voi cac bai toan dong luc dong chay, hé
s6 khuyéch tan va hé s6 thdm chi ¢6 thay dbi
nho theo nhiét do, luu tdc hay ty trong cia nudc
(Steven C. Chapra, 1997), thi trong truong hop
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thim khong bdo hoa, D(0) and K(0) khac nhau
khi loai dat khac nhau. Theo kha ning thim tir
cét t6i sét, do doc dd thi cua hé s6 tham khong
bdo hoa va hé sé khuyéch tan ting dan. Viéc tinh
lip 46 4m O boi cach gia dinh gi4 tri 0 trude d6
Vi cling mot gia tri hé s6 hoi tu cho moi loai dat,
vong lap tinh toan s& khong hoi tu, ngoai trudng
hop ctia cat min. Nguyén nhan dugce xac dinh 1a
do su thay d6i dot ngot gia tri hé sb khuyéch tan
va hé sé tham khong bdo hoa. Vi vay, viéc tinh
lip d6 am O theo gi4 trj trudc do dugc ap dung
theo cdng thire, 6 hé s hoi ty:

ei,j,k = ‘9i*,j,k +a(9i,j,k _‘9i*,j,k)

0 i Do 4m can duoc tinh toan 0(x, z, t);

Qifj'k: Do am O(X, z, 1) tinh toan duoc theo
thoi gian trudc d6. ae(0.05, 1.0]: Hé s6 hoi tu.
Khi 0=1.0, vong ldp tudn thu phuong phap
Gauss Seidel.

Do thay d6i o (tir 0.05 t6i 1.0 cho cat min, tir
0.05 t&i 0.2 cho céat pha thit, twong tu véi sét va
tir 0.05 toi 0.75 cho thit pha sét), gi tri do am 0

(6)
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da duoc hoi ty.
Qué trinh lap tim nghiém do am s& bi phin
ky néu 4p dung o > 0.75 cho dat thit pha sét
nhung véi cat, co thé toi gia tri 1.0. Chuong
trinh d& chay thir voi cac gia tri a khac nhau
(tang dan theo budc gia tri 0.05) dé xac dinh sai

s6 giira cac két qua o am.
0" (x, AV —0"(x, Z,1),,

- x100
0 (x,z,1)

A=Cmax

Trong d6: o; = 0.05, 0.1, ..1.0; amax: Gid tri
I6n nhit ctia o cho mbi loai dat (0.2 cét pha thit
va 0.75 cho thit pha sét); 0*(X, z, t): (X, z, t)
I6n nhat véi mdi o trong mién ludi tinh toan; ¢
(%): sai s6 twong dbi cia 0 tai mdi nat ludi.
Nhu vay, nhitng sai khac 16n nhéat vé do Am
trong toan mién tinh toan véi cac budc gia tri a
duoc tong hop va biéu dién dang do thi nhu
hinh 4 dudi day.

Thit pha sét, Q = 2 (I/h)
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Hinh 4. Sai s6 tiwong doi eVGi cac hé s6 héi tu khdc nhau o

Quaé trinh tinh toan sai s6 & duoc ap dung cho
mot s6 nit luéi trong do, € dat gia tri 16n nhit.
Nhin chung, sai sb tinh toan chi & mtrc 2.20 %
va 3.75 % tuwong (mg voi dét thit pha sét va cat
pha thit véi thoi lwgng tinh toan 540 phut va
150 phat. Viéc xac dinh sai sb trén dd ké dén
viéc ap dung hé sb hoi tu. Hinh 3 cho thiy
khong ¢ su khac biét vé sai s6 khi hé s6 hoi tu
nim trong cac khoang (0.1; 0.7) va (0.1; 0.2)
tuong rng cho thit pha sét va cét pha thit. Tuy
nhién, sai s6 16n hon khi hé s6 hoi tu 12 0.05.

Gi& tri « cang nho, thoi gian tinh toan cang
dai. S6 1an lap cho mdi tinh toan da duoc xac
dinh. S6 vong lip giam tu 6047274 xudng
2920987 khi « tir 0.05 dén 0.7 cho thit pha sét
Va tir 2627956 xudng 15629 khi o tir 0.05 t6i
0.2 cho cét pha thit.

Nhin chung, céc két qua tinh toan sai sb
turong doi d& cho thiy do 6n dinh cuia mé hinh.

4. KET LUAN

Kich thudc mién thim va gia tri d6 4m trong
mién dugc xac dinh mot cach tryc tiép va nhanh
chéng boi phuong phap thé tich hitu han clng

v6i thuat toan TDMA. Két qua tinh toan do am
mod hinh cho thdy phl hop voi két qua thuc
nghiém cling nhu nghién cuu lién quan cua
Elmaloglou va Malamos. M6 hinh tinh toan c6
kha niang phat trién nhim ¢ng dung tinh toan
cho cac truomg hop thuc té. Cac dic tinh ndi bat
ctia mo hinh bao gom:

Ban kinh bdo hoa Rs(t) dugc xac dinh mot
cach don gian hon so vdi cac nghién cau lién
quan khac, bing nguyén tic bao toan khéi
luong. Két qua tinh toan cho thdy sy phat trién
chiéu rong thAm phd hop véi quan sat thi
nghi¢m.

Mac du md hinh chi dugc ap dung véi cac
diéu kién don gian nhu do am ban dau dong
nhat, dat dong nhat va khong ké dén bdc hoi
cling nhu sirc h(t ciia ré cdy cling nhu chi mot
s6 loai dit duoc kiém chimg, két qua mé hinh
cho thiy xu hudng phat trién mién thim phu
hop thyc té. Do d6, md hinh c6 thé dugc phat
trién cling véi sy hoan thién cua cac diéu kién
bién ké trén.

Duya trén phuong phéap thé tich hitu han va
thuat toan TDMA, sai s6 ctia dd 4m tinh toan
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duogc tai mdi nat 1a khong dang ké trong truong  tée do tinh toan ciing 14 mot vu diém coa mo
hop thay déi kich thudc ludi tinh toan. Ngodi ra  hinh.
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Abstract:
AN APPLICATION OF VOLUME CONTROL METHOD TO SIMULATION
OF UNSATURATED INFILTRATION IN SOIL ENVIRONMENT UNDER DRIP
IRRIGATION

A method is presented for time variant extent of wetting volume that was developed in soil in
response to infiltration from surface point source. This method is based on control volume solution
of Richard’s equation for symmetrical coordination. By advantages of simple discretization
equation, rapidly performed calculation, direct result of volumetric water content values for various
types of soil could be given out. Sand, sandy loam and referenced loamy sand and silt loam were
taken to study. Calculated results of wetting development from soil types were verified from both
referenced paper’s result and experiment. There’s a good agreement between calculated wetting
volume and the paper’s by using loamy sand and silt loam as well as experiment results.
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