Nghién ciru

THIET LAP MO HINH HEC-HMS DU BAO LUU LUQNG
NUOC VAO HO BAN CHAT MUA LU 2020

Nguyén Tuin Anh, Dwong Thi Thanh Hwong, Tran Thi Thanh Huyén
Vién Co hoc, Vién Han 1am Khoa hoc va Cong ngh¢ Viét Nam
Tém tit
Bdn Chat la mét trong cdc ho chiva 1om trén hé thong bdc thang hé chira trén
song Pa. Viéc diéu hanh hé Ban Chat sé anh hwong truec tiép dén cong tdac diéu hanh
ho Hugi Quang va gidn tiép anh hwéng dén ho Son La, Hoa Binh ciing nhw muc nuée
ha du. Pé ndng cao hiéu qua cia cong tac diéu hanh ho phuc vu phat dién va phong
chong lii, Phong giam nhe thién tai (Vién Co hoc, Vién Han lam Khoa hoc va Cong
nghé Viét Nam, mot trong sau don vi tu van diéu hanh lién ho chira cia T 5ng cuc
phong chong thién tai) da xdy dung, sie dung cdc mé hinh thity vin hé tro cong tac dw
bdo lwu liong vao ho. Trong khudn khé bai bdo nay, nhém tdc gia thiét ldp mé hinh
thity van HEC-HMS cho heu viee ho Ban Chét d@é phuc vu céng tac dw bdo dong chay
dén ho trong mua li. Két qua tinh todn mé phéng mia i nam 2018, kiém dinh nam
2019 va du bao nam 2020 cua mé hinh HEC-HMS da dwoc so sanh, danh gid voi 56
liéu thuc do. Két qua cho thdy mé hinh c6 kha ndng g dung tt trong cong tac du
bdo luu heong vao ho.
Twr khoa: Mo hinh thuy van HEC-HMS; Du béo 11; Hb Ban Chat.
Abstract

HEC-HMS hydrological model for forecasting the flow of water into Ban Chat
reservoir during flood season 2020

Ban Chat is one of the major reservoirs on Da River system. The operation of Ban
Chat reservoir directly affects the operation of Huoi Quang reservoir and indirectly
affects Son La, Hoa Binh reservoirs as well as water level at downstream area. To
improve the efficiency of reservoir operation for power generation and flood control,
the Disaster Mitigation Department, Institute of Mechanics - Vietnam Academy of
Science and Technology (one of six inter-reservoirs operating consultants of Vietnam
Disaster Management Authority) was set up and used hydrological models to estimate
the flow of water into reservoirs. In this study, a numerical model was developed for
Ban Chat basin using HEC-HMS software in order to estimate the flow of water into
Ban Chat reservoir during flood season. The simulation results of the flood season
in 2018, calibration in 2019 and forecast for 2020 of this model were compared and
evaluated with measured data. The results showed that the model was applicable in
forecasting the flow of water into the reservoir.

Keywords: HEC-HMS Hydrological Model; Flood forecast; Ban Chat Reservoir.
1. Mé déu tinh toan dong chay tir mua va do lién
Cong tac du bao luu lugng vao cac quan dén nhiéu thong sé dja hinh, tham
ho chira 16n trén séng Da, dic biét 1a lvu  phu, khi hau,... Chinh vi vy, Phong giam
lwong vao hd Ban Chat trong mua lii 1a  nhe thién tai, Vién Co hoc, Vién Han lam
mot nhiém vu rat kho khin do doi hoi can  Khoa hoc va Cong Nghé Viét Nam - mot
¢6 s6 liéu mua chi tiét, do sy phuc tap khi  trong sdu don vi tu van diéu hanh hé cua
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Cuc Phong chdng thién tai da nghién ctru
xdy dung va st dung cac md hinh thuy
van dé phuc vu cong tac du bao luu luong
vao hd. M6 hinh thuy vian HEC-HMS,
mot phan mém mién phi do quéan doi My
phat trién cling dd dugc nhém nghién ciru
sir dung dé tinh toan, du béo luu luong
vao hd Ban Chat trén luu vuc song Da.
Trong khuon kho bai bio nay nhoém
tac gia mo phong lai luu lugng vao hd Ban
Chét ndm 2018, kiem dinh ndm 2019 va du
béo luu luong vao hd nam 2020. Két qua
mo phong, kiém dinh va du bao duge so
sanh véi s6 liéu thuc do. Cac két qua thu
dugc cho thiy sai s6 luu luong vao hé co
ban dap tng duoc yéu cau dé ra, tuy nhién
tai mot sb thoi diém khi c6 mua lon dot
bién sai s6 du bdo cua md hinh van con
cao. Nguyén nhan dugc nhan dinh la do
mat do phan bd céc tram mua trén luu vuce
h6 Ban Chat chua di day nén chua phan
anh hét lrong mua cuc bo vao mo hinh.

2. Vung nghién ctru

Ho6 Ban Chat nam trong luu vyc song
Nam Mu thudc tinh Lai Chau mién Béc
Viét Nam. Phia trén luu vuc hd Ban Chat
Tén thit (Z)
Mua (X) ———

Y=X-Z
Ban chat cia sy hinh thanh dong
chay ctia mot tran 1 c6 thé dugc mo ta
nhu sau: Khi mua bat dau roi cho dén mot
thoi diém t nao do, dong chay mit chua
duoc hinh thanh do luong mua ban dau
mat di béi thdm va lam wét bé mat. Khi
cuong d6 mua vuot qua cudng do thim
(mua hiéu qua) thi trén bé mat bat dau
hinh thanh dong chay, chay tran trén bé
mat luu vuc, sau do tap trung vao mang
ludi séng sudi. Sau khi d6 vao song, dong
chay chuyén dong vé ha luu, trong qua

Nghién curu

giap véi bién gidi Vit Nam - Trung Qudc,
phia dudi giap luu vuc hd Hudi Quéng.
HO chtra ¢6 dién tich 60,5 km?, dung tich
2,1377 ty m? trai trén 5 x4 ctiia huyén Than
Uyén va 4 xa cua huyén Tan Uyén, tinh
Lai Chau. Cao trinh myuc nudc dang binh
thuong 475 m, muc nudc chét 431 m.
Téng dién tich luu vuc 13 2050 km? voi
do cao tir 340 m dén 3100 m so v&i muc
nudc bién. Gan 70% dién tich luu vuc
nam dudi d6 cao 700 m. Khu vuc nghién
ctru c6 khi hau nhiét déi dién hinh vé6i hai
mua rd rét: mua mua kéo dai tur thang 5
dén thang 9, mua kho kéo dai tir thang 11
dén thang 3 nam sau. Nhiét d¢ khong khi
trung binh 1a 22 dén 25 do. Cay bui chiém
khoang 54,12% dié¢n tich toan b khu vyc,
rimg chiém 27,12%, con lai 1a dong co va
hoa mau. Loai d4t chinh 14 nti d4 chiém
55,6%, dat da chiém 34,56%, con lai 1a
cac loai dat khac bao gdm mun cat va
mun phu sa.

3. Gi6i thi€éu m6é hinh HEC-HMS

M6 hinh HEC-HMS duoc st dung
dé mo phong qua trinh mua - dong chay
trén mot luu vue. Ta ¢6 thé biéu thi mé
hinh bang so d0 sau:

Puong 1t don vi
Dong Chay (Y) ——— Duong qua trinh i (Q ~t)

qP
trinh chuyén dong nay dong chay bi bién
dang do anh huéng cua ddc diém hinh thai
dia hinh va do nham long séng.

Theo so d6 nay HEC - HMS s& bao
gom to hop nhiéu phwong phap tinh toan
nhu tinh mua binh quan luu vuc, tinh ton
that trén bé mat luu vuc, tinh dong chay
don vi, dién toan dong chay Ii,...

Tinh ton that: Trong khudn kho bai
bao, nhom tic gia dung phuong phép
tham theo ham Green and Ampt. Green
va Ampt (1911) da d& nghi birc tranh gian
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hoéa vé tham nhu minh hoa trong Hinh 1.
Front udt 1a mdt bién gidi ro rét phan chia
dat c6 ham luong 4m & phia bén dudi véi
dat bo hoa c6 ham lugng am & bén trén.
Front u6t tham nhép vao dat toi do sau
L & thoi diém t tinh tr khi thim bét dau.
Trén mat dat c6 mot 16p nudc dong mong
v6i chiéu sau.

AV 923
Ving wot L
Front wdt
oyl
ﬁ',_ [ — ) —m—— A *
— e ﬁl‘ -
g " »

Hinh 1: Cac lzié'n sé trong phwong phdp
tham Green- Ampt

Xét mot cot dat thfmg dimg c6 dién
tich mit cit ngang bang don vi va xéc
dinh thé tich kiém tra 1a thé tich bao
quanh dat udt giira mat dat va do sau L.
Néu luc dau, dat c6 ham luong am 0, trén
toan by chiéu sau thi ham lugng am cua
dat s& tang lén tir 0, toi (dQ rong) khi
front w6t di qua. Ham luwong am 0, la ty
sO cua thé tich nudc trong dat so vai tong
thé tich bén trong thé tich kiém tra, do d6
luong gia ting ctia nudc trit bén trong thé
tich kiém tra do thdm s& 1a L(n-0,) ddi véi
mot don vi di¢n tich mat cat ngang. Do
sau luy tich ctia nudc mua tham vao trong
dét duogc tinh:

F(t)=L(n-0)= LA@

Vol AQ=n-0,
Khi da tim dugc F, ta c6 thé xac dinh
dugc tbe do tham fbang phuong trinh sau:
wAO }

(1

2
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Trong d6: K 1a d6 dan thiy lyc cia
dat; v 1a cot nuéc mao dan cua front udt;
A0 13 kha ning tham cua ting dat; F 1a 46
sau luy tich ciia nudc thim vao dt.

F(1)
F(@) —Kt+t//A6?1n[1+ l//Agj 3)

Phuong trinh (3) 1a phuong trinh phi
tuyén dbi voi F, giai phuong trinh nay
bang phuong phap thay thé lién tiép. Cho
trudce cac gia tri cua K, t, y va A8. Trudc
hét, gia thiét mot gia tri tham do cia F va
gan vao vé phai ciia (3) (nén chon gia tri
tham do dau tién F = Kt), tir d6 tinh duoc
gia tri méi cua F & vé trai. Gid tri méi nay
lai dugc coi la gia tri tham do thir hai cua
F dé gan vao vé phai, 1dp lai cho dén khi
cac gia tri tinh toan cua F hoi tu vé mot
hang sd. Gia tri tinh toan cudi cing cua F
dugc thay thé vao (2) dé xac dinh téc do
thim tiém nang f twong tng.

Khi 4p dung mo hinh Green- Ampt
can phai udc luong duoc cac thong sé K,
n va y. Quan hé bién d6i cta cot nudc
mao dan va d6 dan thay luc theo ham
luong 4m 0 di dwoc Brooks va Corey
(1964) nghién ciru. Qua nhiéu thi nghiém
dbi voi nhiéu loai dat khac nhau, hai 6ng
da két luan rang cot nudc mao din y ¢o
thé dugc biéu thi bang mot ham logarit
cua do bao hoa hi¢u dung s_[3].

Dién toan kénh hd: Phuong phéap
Muskingum la mot phuong phap dién toan
lii dd dwoc dung phd bién dé diéu khién
quan hé dong gitra luong trir va luu luong.
Phuong phép nay da m6 hinh hoéa lugng
trit cua 1i trong mot 1ong song bang to hop
cua hai loai dung tich, mdt dung tich hinh
ném va mdt dung tich lang tru. Trong khi
Il 1én, dong vao vuot qua dong ra nén da
tao ra mdt dung tich hinh ném. Khi 1d rat,
luu lugng dong ra 16n hon luu lugng dong
vao, dan dén dung tich hinh ném mang dau
am. Ngoai ra, ta con c6 dung tich lang try
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duoc tao thanh bai thé tich cia long dan
lang tru véi dién tich mat cit ngang khong
dbi doc theo long dan.

Gia thiét rang, dién tich mat cat ngang
cua dong 1i ty 1€ thuan voi luu lugng di
qua mat cat do, thé tich cua lugng tri
lang try 1a KQ, trong d6 K 1a hé sb ty 18.
Thé tich cua luong trir hinh ném 1a KX(I
- Q), trong d6 X 1a mdt trong sd ¢o gia tri
nam trong khoang 0<X<0.5. Do d6, tong
luong trir s& bang tong cua hai luong trix
thanh phén:

S=KQ+KX(I-Q) 4

Phuong trinh lugng trit ciia phuong
phap Muskingum dugc viét dudi dang:

S =K [XI + (1-X) Q] (5)

Phuong trinh nay tiéu biéu cho mot
md hinh tuyén tinh dé dién toan dong
chay trong cac dong song.

Gia tri cia X phu thudc vao hinh dang
cua dung tich hinh ném da mo6 hinh hoa.
Gia trj ctia X thay doi tir 0 d6i voi loai dung
tich kiéu hd chtra, dén 0,5 dbi v6i dung tich
hinh ném day. Khi X = 0, dung tich hinh
ném khong ton tai va do d6 ciing khong
c6 nudc vat. Bo 1a truong hop ciia mét
h6 chira c6 mit nudc nam ngang. Trong
truong hop nay, phuong trinh (5) s& dan
dén mot mo hinh hd chira tuyén tinh, S =
KQ. Trong cac song thién nhién, X iy gia
tri gitra 0 va 0,3 Vi gia tri trung binh gan
voi 0,2. Viéc xac dinh X vdi do chinh xac
cao 1a khong can thiét, boi vi cac két qua
tinh toan ctia phuong phap nay twong doi it
nhay cam véi gia tri ctia X. Tham s6 K 1a
thoi gian chay truyén cia song lii qua doan
long dan. Dé xac dinh cac gié tri cia K va
X trén co sé cac dic tinh cia long dan va
luu luong, ta ¢ thé st dung mot phuong
phap goi la Muskingum - Cunge. Trong
dién toan 1i, gia tri cua K va X duoc gia
thiét da biét va khong doi trén toan pham
vi thay ddi ciia dong chay.

Nghién curu

Céc gié tri cta luong trix tai thoi diém
j va j+1 theo (5) duoc viét At la:
Sj = K[XIj+(1-X) Qj] (6)
Sj+1 = K[XIj+1+(1-X) Qj+1] (7)
Str dung cac phuong trinh (6) va
(7), ta tinh duoc sb gia cua lugng trix trén
khoang thoi gian At 1a:
Sj+1- Sj =K {[XIj+1+(1-X) ®)
Qj+1]- [XI+(1-X)Qj1}

So gia cua lugng trit con c6 thé biéu

thi bang phuong trinh:
I.+1. + 0.
S-S, =—1—T"A- RAIEDY )

Két hop (8), (9) va sau khi riit gon ta
thu duoc:
Qj+1 =CI1L+1+C2[j + C3Qj  (10)
D6 1a phuong trinh dién toan cua
phuong phap Muskingum, trong d6
At -2KX

T v
A+ 2KX

P 2K(1-X)+Ar (12)
C2K(1-X)-At 3

PU2K(1-X)+ At (13)

Luu ¥ ring: C+C, +C,= 1
Ta c6 thé xac dinh duge K va X néu
trong doan song dang xét da co san céac
duong qua trinh luu luong thyc do cua
dong vao va dong ra. Gia thiét nhiéu gia
tri khac nhau ctia X va st dung céc gia tri
d3 biét ctia cac duong qua trinh luu luong,
ta tinh duoc cac gia tri lién tiép cua tir s6
va mau sd trong biéu thirc cia K dugce suy
ra tu (8), (9)
_05AU,, +1,) (0, +0))] ”
XU, 1)+ (-0, -0y 1V
Céc gia trj tinh toan cua tir s6 va miu
s6 cho timg khoang thoi gian dugc chim
trén d6 thi véi tir s6 duge dat trén truc
tung va mau sd dit trén truc hoanh. Noi

103

Tap chi Khoa hoc Tai nguyén va Moi truong - S6 34 - nam 2020



Nghién ciru

chung, ta s€ thu dugc mot dd thi ¢6 dang
duodng vong day. Gia tri ding cua X 1a gia
tri lam cho duong vong day thu hep gan
sat nhat thanh mot duong don nhat va do
dbc cua duong nay theo (14) chinh 1a K.
Boi vi K 1a thoi gian can thiét dé séng la
van dong qua doan long din nén gid tri
ctia nd ¢6 thé duge ude luong bang thoi
gian chay truyén thyc do ctia dinh 1ii trong
doan long dan dang xét. Néu ta khong co
s6 lidu thuc do cac dudng qua trinh luu
luong cua dong vao va dong ra dé xac
dinh K va X, cac gia tri nay co thé duogc

wéc luong bang phwong phap Muskingum
- Cunge [4].

4. S6 liéu d4u vao va thiét 1p mé hinh

4.1. S6 liéu dia hinh

Nhom tac gia thu thap ban do dia
hinh 1:50.000, ban d6 hién trang st dung
dat, phan loai dat ti 1€ 1:50.000 (Puoc xay
dung nam 2015) lam so6 liéu dau vao cho
mo hinh. Sau khi thu thdp dugc cac loai
ban do trén nhém tac gia phan chia luu
vuc r6i tinh toan ra do doc, nham va do
tham cua tung luu vue,...

Ban d6 DEM

Ban d§ tham pha

Bin 46 hién trang =i dung dat

Ban dd do doc

Hinh 2: Dit liéu ciia hé Ban Chdt
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4.2. 86 ligu thiiy vin

C6 4 tram do mua trén luu vuc hd Ban Chat dugc dua vao st dung tinh toan, gdm
cac tram Tam Puong, Binh Lu, Than Uyén va Ta Gia.

Tam BPuwidmg Than Uvén

130 T 4 MM
Mg+ 50 1

ot 44

£ L)
an a0
0 H

[} a

[-] b oo Ll 006 W 55 3 h -] ol oo e 200 FL-] a0 350 h
20 <10
Binh Lw Ta Gia

b il Ll mm
0
u
it 1
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Hinh 3: Biéu dé mwa lwu vwe hé Bin Chdt nim 2018

Tam Buimg Than Uyén

E

-

t e BB3ER

100 150 100 e ] L1

Hinh 4: Biéu dé muwa lwu vwe hé Béin Chdt nam 2019

Bing 1. Toa dj cdc tram do mwa trén luu vwe hé Bin Chdt

Ho Khu vye mua Tram mua Kinh d¢ Vi do

Tam Puong 103° 29’ 00” 22°2500”
ThuQTlg luu b b kbl 9 9

. ) Binh Lu 103° 36’36 22°22°12

Ban Chat -

s Than Uyén 103° 54’ 00” 22°00’ 00"
Vung ho A b 9 bh} 9 thl

Ta Gia 103° 47’ 60 21°47°00
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5. Thiét 1ap mé hinh

Luu vuc hd Ban Chat c6 dién tich gén
2.050 km? duoc chia thanh 29 luu vuc con
v6i dién tich tir 0,2 dén 290 km? nhu Hinh
5. Viéc phéan chia luu vye con dugc thuc
hién trén ban dd DEM va ban dd mang
song sudi bang cong cu Hec Geo - HMS
chay trén nén ArcGis. Viéc tich hop cong
cu Hec Geo - HMS vao ArcGis cho phép

5

tinh toan vi¢c phan chia luu vuc, xac dinh
hudéng dong chay, xéc dinh céc dac trung
luu vue,...mot cach ty dong. S6 tiéu luu
vuc dugc chia ty dong phu thudc vao do
chi tiét cua ban d6 mang ludi song, sudi
trong toan luu vyc hd Ban Chat va phu
thudc vao duong chia nude trén bé mat.
Sau khi cong cu Hec Geo - HMS chia luu
vuc ty dong, ngudi ding co thé gop cac
Iuu vuc nho thanh mét lvu vuc 16n hon.

Hinh 5: Phén chia lwu vwee hé Bin Chdt

Phuong phép tinh ton that dugc ding
1a ham Green and Ampt, dién toan dong
chay dung phuong phdp Muskingum.
Trong chuyén doi dong chdy nhom tac
gia st dung phuong phdp SCS Unit
Hydrograph trong d6 dung phuong trinh
SCS (1972) @é tinh thoi gian tré cho ting
tiéu luu vuc. Thoi gian tap trung nudc
trong cac tiéu luu vuc dugc thé hién nhu
Bang 2.

Cong thirc tinh thoi gian tré nhu sau:
_ o8 (S+1"

He 1900Y

Trong do:

T, ,: thoi gian tré€ (gi0).
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L: Chiéu dai luu vuc (feet).

Y = do dbc luu vuce (%).

S = nudc bi giit ti da trong luu vuc
(inch)

CN = Chi sé dudng cong SCS cho
luu vuc xéac dinh theo phuong phép tinh
ton that

g_looo o
CN
CN =95
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Bing 2. Thoi gian chdy truyén trong cdc tiéu luu vwee hé Bin Chit

Tén luu vue Thoi gian truyén (phit) Tén luwu vue Thoi gian truyén (phut)
W770 698,14 W1020 190,71
W850 287,90 W1060 235,87
W820 253,58 W1090 192,56
W860 288,81 W1200 499,08
W900 257,40 W1140 239,16
W880 403,63 W1290 363,71
WI10 34,93 W750 511,55
W990 372,34 WI1210 134,52
W920 150,39 W1250 219,84
W980 319,64 W1280 92,41
W960 83,52 W1100 556,66
W1000 263,27 W1270 58,27
W1010 42,12 W1320 334,73
W1070 270,86 W1300 83,92

W1340 280,98

6. Két qllfl e

6.1. Két qudi mé phong va kiém dinh

Vi sb liéu d3 thu thap dugc, nhém
tdc gia da tinh toan, m6 phong lai luu
lwong vao hd Ban Chat tir 15/06 - 15/09
nim 2018 va kiém dinh md hinh véi s6
liéu ndm 2019. Két qua mo phong so sanh
v6i thuc do bang chi s NSE dat 0,7 &
murc tot. Mot s6 dinh 1én mo hinh HEC-
HMS d4 bt kha tét, tuy nhién mot sb dinh
mo hinh chua bét duoc. Pay ciing c¢6 thé
14 do cac tram do mua trén luu vuc hd Ban
Chat chwa du day dé phan anh hét mua
cuc bd vao mo hinh. Hinh 6 va 7 1a hinh
v€ so sanh tinh toan va thuc do luu lugng
vao hd Ban Chat ndm 2018 va nam 2019.

min

s Tieh kA

- T én

o
o

Hinh 6: So sdnh lwu lwong tinh todn bing
mé hinh HEC-HMS ném 2018 véi thuc do

Hinh 7: So sanh lwu lwong tinh todn bang
mo hinh HEC-HMS nam 2019 véi thue do

6.2. Thir nghiém du bdo

S0 1000

Sau khi m6 phéng nam 2018, nhom
tac gia dung bo thong s6 ¢a mo phong cho
nam 2018 chay kiém dinh cho nim 2019
va du bao cho nam 2020. Két qua du bao
nam 2020 tir 01/7 - 31/7 dat két qua tbt,
chi s6 NSE dat 0,85. Hinh 8 1a két qua du
bao luu luong vao hd Ban Chat mua 1i
nam 2020.
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mi's

5B 5B

Hinh 8: So sanh luu lwong du bdo b&ng HEC-HMS vdi thue do tie 01 - 31/7/2020

7. Két ludn

Sau khi thiét 1ap va dua mo hinh
HEC-HMS vao tinh toan, du bao nhom
tac gia nhan thiy thiy viéc mg dung mo
hinh HEC-HMS dé duy bao luu luong vao
hd Ban Chat 1a hoan toan kha thi va c6 do
tin nhat dinh. Tuy nhién can c6 hé théng
tram do mua day dac hon trén luu vuc hd
Béan Chat dé c6 thé phan anh dwoc hoan
toan mua cuc by vao mo hinh thay vi mdt
vai tram mua dai dién cho ca Iuu vuc nhu
hién nay. Két qua nay ciing 1a co so dé
thiét 1ap mo hinh HEC-HMS cho cac luu
vuc khac trén hé théng song Da.

Chi s6 NSE cho thiy két qua mo
phong va du bao dat muc t6t con kiém
dinh chi dat muc trung binh. Nguyén nhan
1a do khi kiém dinh nhom tac gia tinh toan
cho ca 03 thang mua 1d con khi du bao thi
mdi ban tin du bao chi du bao cho 24h.
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Do vay, hang ngay khi dy bdo mo hinh
déu duoc hiéu chinh lai sai sO theo so liéu
thuc do moi1 nhat nén két qua kha quan
hon chay kiém dinh.
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