MO HiNH BE CHUA TUYEN TINH (LTANK- Linear Tank)
VA KHA NANG UNG DUNG O VIET NAM

PGS TS Nguyén Vin Lai
Truong Pai hoc Thuy loi
Th.s. Nguyén Viét Hung
Tong Cong ty tw van thiét ké Thuy loi — HEC-1

I. Pit van dé
Viéc tim kiém nhitng dang mé hinh toan thuy vin c6 kha ning mé phong tot cac
qua trinh hinh thanh dong chdy song ngoi ¢ nudc ta dé tinh toan, du bao dong chay tur

mua, khoi phuc céc chu01 s6 liéu dong chay theo cac chudi sd liéu mua quan tric duoc,
1a mot trong nhimg van dé quan trong ctia ky thuat tai nguyén nudc.

O nudc ta, tir nhitng nam 80 cua thé ky trudc, nhiu cong trinh nghién ciru Gmg
dung cac m6 hinh SSARR (My), TANK (Nhdt), vao tinh toan, dy bao thuy van da cho
thiy kha ning tmg dung twong ddi tot cua cac md hinh nay d6i v6i mot didu kién tu
nhién nudc ta. Tir nhitng nghién ctru ciu triic cac mo hinh tit dinh mua-dong chay, cing
v6i nhimg xem xét ddc diém tu nhién hinh thanh dong chay cua séng ngoi Viét Nam,
nam Nguyén Van Lai (PH Thuy loi) va Ronny Berndtsson (PH Lund-Thuy Dién) [1] da
xdy dyng mot mé hinh co cdu triic dang bé chira tuyén tinh (Linear tank-LTANK) v&i
chuong trinh may tinh viét bang ngén nglr FORTRAN-77 ¢6 cho phép md phong cac
qua trinh mua-dong chay kha tot d6i véi cac luu vuce vira va nho cho ving nhiét d6i am
v6i dia hinh c6 suon ngan va dbc, ché do dong chay chiu sy quy dinh kha chat ché cua
ché d6 mua. Qua thoi gian, mé hinh niy ngay cang thé hién kha ning mg dung tbt ddi
v6i diéu kién ty nhién nudc ta, nhat 1a sau khi cac thé hé may tinh c6 toc do xur 1y théng
tin cao, va chuong trinh tinh dugc Thac si Nghiém Tién Lam chuyén doi viét bang ngon
ngit VISUAL BASIC chay trén méi trudng EXCEL 7.0 vao nam 1998 véi giao dién rat
tién ich, than thién ddi véi nguoi st dung nén da duogc nhiéu co quan nghién ctru, cong
ty tu van ap dung vao san xuat. P& nguoi dung c6 dugc hicu biét day du vé co so ly
thuyét va kha ning ung dung ctia mé hinh nay ¢ nudc ta, trong bai bao nay ching toi
trinh bay két qua tong két viéc kiém chimg mo hinh nay trén 12 luu vuc thudc 5 ving
lanh thd c6 diéu kién dia vat 1y khac nhau & Viét Nam.

II. CAu tric mé hinh.

Véi gia thiét luu vuc séng 1a mot chudi cac bé chira qua trinh thuy van xay ra
trén Iuu vuc 1 qué trinh van dong ciia nudc qua cac bé chira diéu tiét. Mo hinh dé nghi
duogc cau tao gdm ba bé chira xép theo phuong thing dimg, mdi bé c6 mot sb cira ra &
day va & thanh bén. Qua trinh thdm trén luu vuc dugc mé phong bang qua trinh nudc
chay qua cira ra & day cac bé chua.

Qua trinh dong chay dugc hinh thanh tir qua trinh nude chdy qua cac cua ra ¢
thanh bén cta cac bé chira. Dong chay cta luu vuc 13 su to hop cia ba loai dong chay
thanh phan. Dong chay mat dugc sinh ra boi bé chira trén cung (bé A), dong chay sat
mit duoc san sinh ra do bé chira tang gitra (bé B), con dong chay ngam la do bé chira
dudi cung (bé C) tao ra. Lugng dong chay qua cac clra ra cua cac bé phu thudc vao
luong nudc chira trong cac bé d6 theo quan hé sau:

R =1(S)) (1
trong do R; = lugng dong chay qua cac ctra ra cta bé chira thir i;

S; = luong nude chira trong bé chira thir i.



Mdi quan hé (1) c¢é thé 1a tuyén tinh, hodc khong tuyén tinh. Tinh chat nay tuy
thugc vao dac tinh co ly cua cac loai dat dai trén luu vye. Nhiéu nghién ctru cho théiy chi
c6 dong chay mat thi mdi quan hé (1) 1a khong tuyén tinh, con d6i v6i cac bé chira tAng
dudi moi quan hé (1) duge coi la tuyén tinh. Giai quyet mdi quan hé khong tuyén tinh
nay mé hinh ting s6 lugng cira ra & thanh bén (it nhat 13 hai cira).
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Hinh 1. Céu tric mé hinh LTANK

Ta biét rang, khi cdc dong chay thanh phan dugc tao ra, M.Sagawara (Nhét) da hop nhét
chung lai d6 vao mot bé chira dicu tlet long song [4]. Bé chira nay c6 nhiém vu dién
todn dong chay tong hop dén mit cit cira ra cua luu vuc. Trong khi d6 S. Bergstrom
(Thuy Dién) trong md hinh HBV dung mot ham truyén kinh nghiém 1a dudng chay
dang thoi dé dién toan dong chay téng hop [3]. RS rang cach dién toan nhu trén 1 chua
thoa dang, boi 18 lugng dong chay sinh ra tré cac sudn luu vuc do vao long dan theo
sudt chiéu dai song chtr khong phai d6 vao dau ngudn con song, va dic tinh tap trung
dong chay ctia ba dong chay thanh phan cta luu vuc 1a khac nhau. Vi Iy do 6, mé hinh
nay LTANK d coi ba loai dong chay thanh phan dugc chay riéng qua cac diy bé chia
tuyén tinh va hop nhét thanh dong chdy cta luu vuc ¢ mat cit ctra ra. Sy tac dong cia
cac hé théng bé chira tuyén tinh ddi v6i cac dong chay thanh phan c6 thé mo phong
bang ham truyén Nash véi hai ham s6 nhu sau:

1 t)
U@) = m x (Ej X e 2)

& day: U(t) = tung d6 ham truyén tai thoi diém t

n va K = hai tham s6 (n 1 s6 lugng bé chua tuyén tinh va K 1a hé s6 trit nuéc
cua moi bé,

['(n) = ham phan phdi Gama ctia n

Nhimng vu diém co ban cua 1y thuyét ham truyén Nash 1a né dugc rat ra tir
nhitng nghién ctru 1y thuyét rd rang, s lugng tham s6 khong nhiéu va cac tham sé nay
6 thé ude tinh so b tir tai liéu thuc do dong chay nhu hinh 2 va 3; méat khac cac tham
s déu mang y nghia vat 1y rat rd rang (Chow V.T. 1964). Ham truyén nay ngdy nay
dugc dung kha phd bién trong tinh toan, du bao thuy vin. N6i mot cach khac 1a ba tang
bé chira 1am nhiém vu phan cat ba thanh phan dong chay, con ba hé thong bac thang bé



chtra tuyén tinh (ham Nash) 1am nhiém vu dién toan ba loai dong chay thanh phan dén
mat cat ctra ra cia luu vuec.
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Hinh 2. DPudng qué trinh dong chay thue  Hinh 3. Udc tinh tham s6 k ctia ham Nash
do ding dé wdc tinh tham sd k cia ham  tir dwong qua trinh dong chay thyc do.
Nash.

* Tinh toan lwong mua trén lwu vuc

Tu tai liéu lugng mua do dugc ¢ cac tram do mua trong va lan cén luu vuc
nghién ciru, ta c6 thé xac dinh tri s6 lugng mua binh quén trén toan luu vuc dé cung cip
cho m6 hinh. Nhin chung cac cong thirc tinh lwong mua binh quén luu vyc trong cac mo
hinh toan thuy van thuong c6 dang nhu sau:

Xpg = zwm x Xia 3)
1

trong do: Xbq= lvong mua binh quén luu vyc can tinh;
Xiqa= luong mua do dugc tai tram do mua thur i,
Wiq= hé sb ty trong tram do mua thir i,

n = tong sd tram do mua ding trong tinh toan lwong mua binh quan luu

* Tinh toan luong béc hoi thuc té cia luu vuce

Bdc hoi 1a dai lugng twong dbi 6n dinh trén luu vic co thé

- Theo tai li€u thuc do cua cac tram khi tugng khi hau. Hoac tinh gian tiép theo:
E.=aE, “4)

trong d6 E, = luong bdc hoi thuc té, E, = kha nang bdc hoi, o = hé s6 chuyén doi phu
thudc vao lugng trit 4m trong dat, va nho hon hodc bang don vi. E, - c6 thé tinh theo
cong thirc Penman.

* Xdc dinh lwong trit nuoc trong cdc bé chira.

Luong trit nude bd sung truc tiép vao bé chira am trén cing cia mo hinh, dong
thoi luong boc hoi lai 1am gidm lugng nudc trit trong bé chira nay. Do vay, luong nudc
chura trong be chira nudc mét (bé A) tai thoi diém tinh toan t sé 1a:

SAt = SAt_l + Xt - Eat (5)



trong d6 SA; va SA. ;| = lugng trit nudc trong bé chira nude mat tai cac thoi diémtvat-
1, X; va E, lugng mua va lugng boc hoi thuc té trong thoi khoang tir t -1 dén t.

Luong nudc tri ciia hai bé chira dudi (bé nudc sat mat va bé nudc ngam) duoc
xac dinh nhu sau:

- DP6i v6i bé nude sat miat (bé B)

SB¢ =SBy + [A; (6)
& day IA; = lugng nudc thim tir bé chira ting trén (bé A)

-Dbi véi bé nudc ngam (bé C)

SCi = SC¢; +1B; (7)
trong d6 IB; = luong nudc tham tir bé chira nudc st mat.

* Tinh tham.

Trong md hinh, qua trinh thim dugc coi 1a qua trinh nudc chay theo phuong
thing dung tir cic bé chua tang trén xudng cic bé chira tang dudi. Téc do tham phy
thudc vao lugng nude chira trong cac bé va dic tinh thuy 1y cta cac tang dat da trén luu
vuc. Mdi quan hé gitra lwong nudc tham va lugng nudc trir trong cac bé duoc gia thiét
1a tuyén tinh va biéu dién dudi dang;

IA = (SA, - A)AK, (6)
IB, = (SB, - B)BK| (7)
IC, = (SC, - C,)CK,| (8)

trong do A, B,C;: d0 cao cac ngudng ctra thao nudc ¢ day bé chua A, B, va C; AK,,
BK;, CK| la cac h¢ so tham cua cac bé chira. Nhitng tham so nay phan anh céc tinh chat
co ly va thuy ly cua dat da trén luu vuc, va phai thod man nhitng di€u kién sau day:

IA;=0 khi  SA( <A
IB(=0 khi  SB{<B; 9)
IC;=0 khi  SC,<C

va
0<AK; <1 A >0
0<BK; <1 B >0 (10)
0<CK; <1 Ci 20

* Tinh toan dong chay.

Lugng dong chay mat dugc san sinh tir bé chira trén cung. Qua trinh hinh thanh
dong chay mit phu thudc vao trang thai am ky trudc cua dat va cuong d6 mua. Néu
luong am ky trudc SAq.; 16n hon hodc bﬁng lugng 4m tGi han SM thi bé chira hoat dong
theo ché do bao hoa. Luong nudc mua bd sung lam ting luong trit 4m trong bé. Néu
luong nudc trong bé tai thoi diém tinh toan (SA,) 16n hon do cao cic ngudng clra ra A,,
As... thi dong chay mat dugc tao ra. Lugng dong chay nay dugc tinh nhu sau:

RA, =) (SA, -A,)xAK, (11)
j=2

trong do AK; = hé so thdo nudc cla cic ctra ra ¢ thanh bén cua bé chira nudc mit, n =
s0 cua thdo nudc ¢ thanh bén. Biéu thuc (11) can thod man nhiing diéu kién sau day:



RA=0 khi  SA <A
0<AK;<1 va  A20 (12)

Trong truong hop lugng am ky trude nho hon lwong 4m tdi han (SA.; < SM) s&
xay ra hai kha nang:

a - D6i voi nhing tran mua c6 cuong do nho (X nho hon A, - SM) thi toan bo
lugng mua chi lam tang thém lugng am cua bé chira chir khong xuat hién dong chay.

b - & ving nhiét doi 4m w6t nhur nude ta thudng cd nhimg tran mua diu mua xay
ra voi cudng do 1on (X 16n hon A, -SM) luc nay céc tang dat chua bdo hoa va s& xay ra
hai qua trinh vira chay tran trén suén doc (vira hinh thanh dong chay) va vira cung cép
am cho tang dat phia dudi cua bé chtra trén cung. Luong dong chay trong truong hop
nay dugc xac dinh nhu sau:

RA, =) (X, +SM-E, —A,)x AK, (13)
j=1

'Dong chay sat mét va dong chay ngam trong md hinh duoc coi 13 ¢6 mdi quan
hé tuyén tinh v&i luong nudc trit trong cac bé chira va duoc tinh theo cac biéu thirc sau:

RB; = (SB; - B»)BK» (14)
RC; = (SC; - C»)CK, (15)
Céc tham s trong (14) va (15) phai thoa mén cac diéu kién sau day:
B,>0 va 0<BK;<1 (16)
C,20 va 0<CK;<l1 (17)
va
RB:=0 khi SB; < B; (18)
RC=0 khi SC <G, (19)

‘ Ca ba thénh phﬁn d(‘)pg chay R,At’ RB,, va RC; duogc dién toan doc lap Vé’i’ nhau
bang ham truyén Nash (2) r6i hop nhat lai thanh dong chay cta luu vuc & mat cit ctia
ra:

Qi=k (YA + YB+ YC) (20)
Trong do: k - hé sd hiéu chuyén ddi don vi.

* Hiéu chinh tham so:

Hiéu chinh tham s6 mé hinh 13 tim mot b tham sé c6 kha niang moé phong t6t
nhat qua trinh dong chay cta luu vuc nghién ctru, ndi mot cach khac 1a tim bg tham s6
cho mo hinh dé qua trinh dong chay tinh toan bang mo6 hinh phu hop nhat voi bieu do
dong chay thuc do. Day la bai toan kiém tra cac gia thiet cua mo hinh doi véi luu vuce cu
thé.

- Chi tiéu d6 thi dugc dung 14 chi tiéu Nash-Sutcliffe so sanh hai qua trinh dong
chay thuc do va tinh toan:

R?=-2 FZ

x100% 21)

trong do:



Foz = Zn:(de - qud)2 (22)

= i(Qtj _de)z (23)

o day QU va Qqgj = lwu lugng tinh toan va thuc do tai thoi diém j; Qbga= luu luwgng binh
quan ctia chudi dong chay thyc do; n = d6 dai chudi dong chay ding dé danh gia mo
hinh trong hiéu chinh tham sd.

- Chi tiéu danh gia d6 sai dinh 1d 16n nhét ciia hai qua trinh tinh toan va thuc do.

C1=min|Qumaxt — Qmaxd| (24)

- Chi tiéu cén bang tong luong:

Co,=min|W, — Wy| (25)
trong do

W, va Wy = tong luong dong chay tinh toan va thyc do.

~ Phuong phap hiéu chinh tham s6 mo hinh duoc dung 1a thi sai va téi wu. Ngay
nay, toc dg xu ly thong tin cyc nhanh cua may tinh cho nén viéc hiéu chinh tham s6 mé
hinh rat nhanh dat duoc bd tham s6 t6i wu cua mé hinh doi véi nhiing luu viee nghién
cliu .
Mo hinh LTANK sir dung chi tiéu tong hop c6 dang nhu sau:
Co= k1 *C+ko*Cotks*R? (26)
Trong d6, tong céc trong sd: k;+ko+ks=1.0

II1. Phin mém ng dung.

Phan mém cia LTANK dugc thir nghiém lan dau tién (1985) mo phong qua
trinh mua-dong chay ngay va gid cho luu vuc sdi Nudc Vang - tram Da Cong
(F=125km?2) thudc khu thyc nghiém dong chay Son Dong, Bic Giang (Viét Nam) va
luu vuc song Guereb-tram Ariana (F=4.55km2) & phi bac thit @6 Tuy ni (Tuy ni di- ¢
phia bic Chau Phi) va [1]. Tiép theo 1987 Ia luu vuc song Cau - tram Thac Budi
(F=2220km?2), Iuu vuc séng Ngan Sau - tram Hoa Duyét (F=1880km?2) [5], song Thanh
Loc - tram Ngoc Thanh (F=19.5km2), song Ta Trach - tram Thuong Nhat
(F=208km2)...

Chuong trinh dugc viét lai bang ngdén ngit VISUAL BASIC chay trén moi
truong EXCEL c¢6 sit dung SOLVER trong t6i wu tham s di cho phép rat ngan duoc
rat nhiéu thoi gian tinh toan ctia nguoi sir dung. Voi giao dién than thién dé hiéu, dir liéu
vao ra (input va output) la cac bang excel va cac hinh v& dep, hodc theo y mudn cta
ngudi dung nén duge nhidu co quan nghién ctru, tu van thiét ké nhu: Truong Dai hoc
Thuy loi, Vién nghién ctru Thuy loi, Vién Bia 1y, cac Téng cong ty tu van thiét ké dién
(PEC-1, PEC-2, PEC-4), tu van giao thong (TEDI) va thu van thuy loi (HEC-1, HEC2)
ung dung d6i v6i nhidu séng subi mién nhiét d6i am nudc ta, nhimg két qua nhan duoc
cho thiy sy vuot trdi hon so v6i nhiéu mé hinh tuong tu ¢6 ngudn goc nudc ngoai.

pé c6 nhén xét danh gia day du hon kha niang ung dung ctia mo hinh LTANK
chung t6i tiép tuc kiém chimg kha nang md phong qua trinh mua-dong chay cho luu
vuc vira va nho trén cc vung lanh thd khac nhau ctia nudc ta voi 12 luu vuc song dién
hinh cho 5 ving khi hau (hinh 4): tram Duong Huy — s. Dién Vong, tr. Bang Ca - s. Mip
thudc viing Pong Bic; Na Vuong - s. Vi Vong, tr.Ta Sa- s. Nguyén Binh, Tr. Sa Pé - s.



Ngoi Bum thudc vung Viét Bic; Tr.Céc Na — s.Khe Choang, Tr. Kién Giang-s Kién
Giang, tr. Gia Vong — s. Bén Hai, tr. Rao Quan — s. Rao Quan, tr. Thugng Nhat —s. Ta
Trach thudgc viing Bac Trung b§; tr. Pai Nga — s. La Nga thudc viing Tay Nguyén ; tr.

S6p Cop —s. Nam Cong thudc vang Ty Bic (hinh 4)

Luu luong Q(m3/s)

QUA TRINH DONG CHAY TINH THEO MO HINH LTANK
TRAM SA PA- NGOI PUM NAM 1970 PEN 1977

r 300

I 400

r 500

Luong mua X(mm)

r 600

700

r 800

r 900

1000

Két qua tinh toan hiéu chinh tham s6 mé hinh va kiém ching céc bo tham sb
doi véi cac luu vuc dugc trinh bay (bang 1) cho thay:

Bang 1. Két qua kiém ching mo hinh dbi véi qua trinh dong chay ngay cta 11 luu vuc
song trén 1anh tho Viét Nam.

o So Xdc dinh thong s Tinh toén kiém ching
Thoi gian 5 " ; - . N .
. ., ) ndm | Nash | Téng | Dinh | Thoigian | Nash Téng Dinh
TT Song Tram tinh todn o e 3
. . |kiém | (%) |luong(%)| (%) | kiém ching (%) |luong(%) | (%)
thong so .
dinh
1 |DiénVong |Duong Huy [1962-1973 12 | 739 2.82 10.70 1974 94.20 1.70 3.41
2 |Mip Béang Ca 1961-1972 12 | 754 5.85 1.76] 1974-1975 | 91.54 7.02 0.78
3 |ViVong Na Vuong 1963-1972 10 | 71.3 0.01 0.11 1974 78.74 7.44 21.01
4 |Nguyén Binh [Ta Sa 1962-1968 7 83.2 2.38 458 1969-1970 | 73.10 473 452
5 |Ngoi Bum Sa Pa 1970-1977 8 89.4 0.04 0.15 1978 91.42 5.09 9.01
6 |Khe Choang [Cdc Na 1965-1973 9 70.4 1.04 19.10| 1974-1975 | 77.10 0.88 31.20
7 |Kién Giang [Kién Giang [1968-1974 7 71.7 1.76 7.10 1975 84.20 5.52 15.30
8 |Bén Hai Gid Vong 1987-1994 8 83.7 0.00 19.90( 1997-1998 | 74.01 2.62 5.50
9 |Rao Quan Rao Quéin 1983-1984 2 81.8 4.83 6.10 1985 81.70 3.07 4.59
10 [Ta Trach Thugng Nhat [1981-1995 15 | 89.6 1.20 9.86| 1996-2000 | 87.76 4.98 16.84
11 |LaNga Pai Nga 1982-1991 10 | 794 1.86 3.36| 1992-1993 | 75.80 0.23 4.66
12 [Nam Cong  [Sbp Cop 1966-1977 12 | 76.2 0.19 8.94 1978 75.93 1.12 8.94

+ Mb hinh dd md phong kha t6t qua trinh mua-dong chay dbi véi séng ngoi
ving nhiét déi 4m ¢ nudc ta: Cac chi tiéu quan trong nhu chi tidu vé qua trinh Nash-
Sutclifte dat kha cao tir 70.4% dén 89.6%; sai s6 tong lugng ndm trong pham nho tir
0.00 dén 5.85%. Chumng to cac tham sé mo hinh phan anh dugc ban chat vat 1y cta luu
vuc song rat da dang vé dja hinh, dia chit va mat dém. ..
+ S6 nam tai liéu dé tham s hod (hiéu chinh tham sé) md hinh tir 2 dén 15 nam)
da cho cac bo thong s6 kha 6n dinh va qua trinh dong chay ngay tinh toan c6 d6 chinh




xac cao thé hién & chi tiéu Nash kiém ching déu dat tir 73.1 dén 94.2%. Nhiing bo tham
sb nay dugc hiéu chinh cho nhiéu nam lién tuc véi budc tinh 1a ngay dém, da dam bao
duoc tinh 6n dinh cta tham s6 nhan duoc cho vung nghién curu, nod ¢o6 thé su dung vao
tinh toan cho cac luu vuc tuong tu thiéu hodc khong co tai li€u dong chay, va du bao
dong chay theo tai liéu mua dbi véi cac ving tu nhién do.

+ Sai s6 tinh toan dic trung dong chay nam trong sai s6 do dac cho phép .

IV. Két luan:

Trong linh vuc khi tugng ,thuy van, moi trudng, phong tranh giam nhe thién tai
vi€c phat trién k¥ thuat moé hinh (mé hinh vdt ly, mé hinh toan hoc va mé hinh ban do ¢é
sw tro' gitip ciia mdy tinh, vién tham va hé théng tin dia Iy - GIS) — cong cu rat sic bén
dang doi hoi ngay mot cao ca vé sd lwong va chat lugng. Nho ¢6 ky thuat mo hinh da
cho phép ta di sau vao ban chat ctia hién tuong va qué trinh mo phong rat sat voi thuc té
hé théng nghién ctu, nén rat dic dung cho cong tac du tinh, du bdo. Viéc xay dung
duge mot md hinh mo phong tét qua trinh mua — dong chay di va dang dem lai hiéu qua
kinh té k¥ thuat.

Mo hinh LTANK dang dugc hoan thién két ndi v6i cac mo hinh thuy lyc mang
song, bién va mo hinh ban do tao nén hé théng mé hinh ddy du va mém déo phuc vu dic
luc cho cong tac tinh toan thuy van thuy luc hién dai & nudéc ta.

Hinh 4. Cac tham s co ban cia mo hinh LTANK cuaa 11 luu vuc song
trén cac vung dia ly khac nhau cua Viét Nam
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Abstract:
A Linear Tank (LTANK) model and its application in Viet nam
Assoc. Prof. Nguyen Van Lai
Water Resources University (WRU)
Ms.E. Nguyen Viet Hung
Hydraulic Engineering Company No 1 — HEC-1

LTANK model was developed in 1985-86 by Nguyen Van Lai (Water
Resources University - WRU-Vietnam) and Berndtsson R. (Lund University, Sweden)
for simulating rainfall-runoff process of catchments in humid tropical zone. Its original
software written in FORTRAN-77. In 1998, the software was re-written in VISUAL
BASIC by Nghiem Tien Lam (WRU) running in EXCEL. The article presented results
of the application for 12catchments representative 5 geographical zones the whole
territory of Vietnam. The results reconfirm the model rather suitable for humid tropical
small and medium catchments. It’s being connected with hydraulic river system models
and other kind of model become a powerful flexible model in water resources and
mitigating disaster management.



