NGHIEN CUU DY’ BAO DONG CHAY LU BEN VA LUU LUQNG XA CUA
HO CHUA DUOI TAC PONG CUA BIEN POI KHI HAU

Nguyén Ky Phung®, Tran Thi Kim®, Nguyén Thij Bay¢, Nguyé&n Thj Hang®
3 S¢ Khoa hoc va Cong nghé TP.HCM. Email: kyphungng@gmail.com

% Pai hoc Tai nguyén va Méi trieong TP.HCM. Email: ttkim@hcmunre.edu.vn

© Pai hoc Bach Khoa — PHOG TP.HCM. Email: nguyentbay@gmail.com

9 Pai hoc Cong nghiép Tp HCM. Email: hangnguyen08@gmail.com

Diéu tiét 1d va tang cuong hiéu qua kinh té - x4 hoi, moi truong tir viéc van
hanh hé théng hé chtra ¢ thuong luu song Bong Nai 13 mot nhiém vu quan trong. Dic
biét, trong bdi canh bién doi khi hau dang dién bién bat thuong va phuc tap nhu hién
nay thi van dé nay trg nén cap bach hon.

HO Tri An (trén song Pong Nai) va hé Phudc Hoa (trén séng Bé) 1a cac hd
chtra ¢6 chite ning quan trong trong viéc khai thac téng hop ngudn nuéc phuc vu phéat
dién, tudi cho ndng nghiép, cap nude sinh hoat va cac khu cong nghiép, 1a céng trinh
tham gia diéu tiét ranh man phia ha Iuu song Pong Nai — Sai Gon [Lwong Vian Thanh,
2006]. Nghién ctru luu lwong xa caa hd Tri An va hd Phudc Hoa c6 y nghia quan
trong trong cong tac quan ly hé théng ho chira ving Péng Nam Bo, dic biét trong tinh
hinh BDKH ngay cang phuc tap. Bén canh d9, tinh toan luu lugng xa con phuc vu cho
cac bai toan lan truyén man va van chuyén bun cat caa ha lvu song Pong Nai.

Bai bao trinh bay nghién ctiu dong chay dén hé va du bao luu luong xa cua hd
chtra trng Vi céc kich ban bién d6i khi hau cho 2 ho chaa thuong luu séng Pong Nai
& Tri An va Phudc Hoa. Hai m6 hinh dugc sur dung trong nghién ciu nay la mé hinh
NAM va mé hinh diéu tiét hd chua.

Tir khoa: diéu tiét ho chira, hé thong song Pong Nai, dong chay 1i dén, luu lugng xa
cua ho chira

1. Tong quan khu vuc nghién ciru

Séng Pong Nai nam dudi hé thong 2 hd chira chinh 1a H6 Tri An trén nhanh
song DBdng Nai va hd Phude Hoa trén nhanh sdng Bé. Cu thé:

(i) HO Tri An nam trén séng Pong Nai, ¢6 luu vuc himg nudc di tir ving cao
nguyén (Cao nguyén LamVién va Di Linh), la vung thuéc vung khi hau nhiét dai gio
mua, dién tich tu nhién 12 14.776,6 km? [7]. Luu vuc hd nam trén phan dat caa 6 Tinh
1a PakLak, Lam Pong, Binh Phudc, Dong Nai, Binh Thuan, khdng ché mét luu vuc
c6 dién tich 15.400 km?, tirc 1a tron phan thuong - trung luu dong chinh, (ké ca luu
vue song La Nga va luu vuc nha may thuy dién Da Nhim 775 km?). Luu lugng xa qua
h6 xudng song Pong Nai chu yéu qua tua bin va dap tran chinh dang Creager-
Ophixirov. Dap chinh cta hd c6 8 khoang tran, chiéu rong mdi khoang 1a 15m. [3].
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(i) H6 Phudc Hoa nam trén song Bé, cling ¢o luu vuc himg nudc nam trén
phan dit cua 6 Tinh nhu hd Tri An. Luu vuc duoc khéng ché trong mot dién tich l1a
5.193 km?. Khi van hanh binh thuong, voi 1o dudi 4200 m¥/s 1ii s& duoc X4 qua tran
chinh (dap tran Labyrinth dai 190 m, cao trinh ngudng 42,9m. Khi 1 16n hon 4200
m3/s nudc s& duoc thao qua tran phu (dang Creager-Ophixirov véi cao do ngudng tran
la 46,30 m va chiéu dai tran 12 400m) va chay tro lai ha luu tran chinh vé song Bé [5].

Vj tri 2 hd chtra dwogc trinh bay trong Hinh 1 sau:
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Hinh 1: Vi tri H6 Phuéc Hoa va Ho Tri An
2. Phuwong phap nghién ctru

Pé tinh duoc lugng xa sau hd xudng song Bé va song Pong Nai, dau tién, ta
xdc dinh lugng nude d6 vao ho chua bé'mg mo hinh NAM, sau d6, str dung cac mo
hinh diéu tiét (duoc tac gid xay dung bang cac phuong trinh va dudng quan h¢, mo ta
trong muc 2.2) dé tinh toan luong nudc sau diéu tiét,

2.1. M6 hinh NAM

NAM I tir viét tit caa cum tir Nedbor - Afstromnings Model. M6 hinh nay da
dugc Nielsen va Hansen xay dung tai Khoa tai nguyén nuéc va Thay dong luc -
Trudng Dai hoc Bach khoa Pan Mach nam 1973. Cau triic mo hinh NAM duoc xay
dung trén nguyen tac cac ho chira theo chiéu thang dung va céc hod chua tuyén tinh,
gom c6 5 bé chira theo Chleu thang dimg. Trong do mdi bé chira dic trung cho mot
moi trudng c6 chtra cac yéu té gay anh hudng dén qué trinh hinh thanh dong chay trén
luu vue. Céc bé chira duoc lién két véi nhau bang céc biéu thirc toan hoc. Qua d6 su
hinh thanh dong chay trén luu vire duoc md ta gan giéng véi hién tuong thuc té.

Trong bai b4o ndy, mé hinh NAM duoc ¢ng dung tinh todn dong chay dén hd
chta, yéu té nhiét d6 va mua 1a dau vao dé tinh toan dong chay. Ung vai céc kich ban
BDKH, thay ddi nhiét 46 va luong mua s& anh huong dén dong chay dén cac ho chira
thuong Iuu khu vuc nghién cau.

2.2. Cong thire diéu tiét hd chira



2.2.1. Nguyén ly diéu tiét
Nguyén 1y diéu tiét 1a phuong trinh can bang nudc [1]:

dV
E = Q[t} - {!“J"[:t:}

Trong d6: Q(t) — Luong nude dén hd theo thai gian; gr(t) — Luong nudc ra khoi
hd 1a luu lwong xa gr(t) qua cong trinh; dV /dt — Thay dbi luong nuéc trong hd theo
thoi gian.

Phuong trinh c4n bang nudc duoc giai dudi dang sai phan nhung thuc chat la
giai phuong trinh bang phuong phap thir dan, vi thé dé don gian trong tinh toan, can
xay dung mot s6 dudong quan hé phu trg nhu: Puong quan hé gitta myuc nuée ho va
dung tich hé Z ~ V, gitta muc nuéc hd va luu lugng xa qua cdng trinh Z ~ q va giita
cao trinh muc nuéc hd véi dién tich mit thoang caa hé.

Trinh ty tinh toan nhu sau, véi diéu Kién dau tai thoi diém tg Gtng v6i mue nudéce,
luu lugng nude dén va di ra khoi hd da biét. Chon thoi doan tinh toan At, sau d6 gia
thiét muc nudc hd cudi thoi doan At va giai thiét luu luong xa ban dau. Trén co s&
muc nudc hod gia thiét tra cac quan hé xac dinh duoc luu lwong nudce di va thé tich
nuéc trong hd cudi thoi doan. Thay céc gid tri tinh toan vao phuong trinh can bang
nuée dudi dang sai phan, sau d6 tim duoc luu lugng nuéc xa ra khoi ho. Truong hop
lwu lwong nudc xa ra khoi hd va luu lwong gia thiét ban dau khong sai khac nhiéu,
budc tinh toan da hoan tat, tiép tuc tinh toan cho thoi gian tiép theo dén khi hét 1.
Truong hop c6 sai khac nhiéu, phai gia thiét va tinh toan lai, luu lugng gia thiét sau sé
ldy bang gi4 tri trung binh cong cua luu lwong gia thiét trude do va gia tri vira tinh
dugc.

2.2.2. Tinh toan nwéc chay qua tran
(i) Cbng thic tinh toan nudce chay qua dap tran Labyrinth [6]

Cong thuc tinh todn nudc chay qua dap tran Labyrinththeo Tullis (1995) duoc
trinh bay nhu sau:

2 — 3y 1

Trong d6: Q: Luu lugng tran qua dap [m3/s], Ca hé s6 luu luong, phu thudc vao géc
cua dinh dap va ty s6 Ho/P; H:Chicu cao cot nude tran [m], L: Chiéu dai dap [m], g:
Gia toc trong trudng [m?/s].

(if) Cong thtrc tinh toan nudc chay qua dap tran Creager-Ophixirov

_o,meY byZgH, @)

Trong d6: Q: Luu lugng tran qua dap [m3/s]®n: He sb chay ngap; m: He s6 luu
lugng; &: Hé so co hep; b: Chiéu rong tran nudc [m]; Ho: Chiéu cao cot nudc tran
[m]; g: Gia toc trong trudng [m?/s].



3. Két qua va thao luan

3.1. Ung dung md hinh NAM dé tinh toan luu lweng vao hé chira
3.1.1. Thiét 1ap md hinh NAM

a) Phan chia TLV

PHAN CHIA TIEU LU'U VU'C TREN HE THONG SONG PONG NAI N
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Hinh 2: Phan chia tiéu luru viec trén hé thong séng Pong Nai

Phan dinh c4c tiéu luu vuc duoc tién hanh bang ArcGIS va phan mém SWAT.
Trong nghién ciu nay, lua chon vi tri 11 tram mua dé phan chia tiéu luu vuce, nhung ta
chi tap trung vao 2 tiéu luu vuc cua hd Tri An va Phuéc Hoa, muc dich thuc hién nay
dé phuc vu cho viéc tinh toan nudc d6 vao hoé chira. Dién tich tiéu luu vuc duoc trinh
bay trong Bang 1.

Bdng 1: Dién tich cdc tiéu luu viee thieong e séng Sai Gon — Dong Nai sau khi phan

dinh
Tén luu vue hd Tén TLV Dién tich (km?)
Ho Phuéc Hoa 1 5.150,62
6 9.403,32
HO Tri An 7 719,09
10 5.308,02

Két qua phan chia tiéu luu vuc thé hién trén Bang 1 cho thay luu vuc ho Tri An
va Phudc Hoa phu hop véi thyc té luu vuc hing nuéc caa hd Tri An va Phudc Hoa
(dién tich thuc té caa ho Tri An 1a 14.776,6 km? va ho Phudc Hoa 1a 5.193 km?).

b) Tinh toan trong sé6 mua

Céc dit liéu co ban can c6 dé tinh toan trong s6 mua bang phuong phéap da giac
Thiessen 1 dit liéu phan dinh tiéu luu vuc (dién tich cua céc tiéu luu vuc 13 co so dé
tinh trong s6 mua bang phwong phap Thiessen) va vi tri tram mua (dit liéu mwa gdbm
11 tram mua phan bd trén hé théng song Bong Nai). Theo d6, trong s6 mua theo
phuong phap Thiessen duoc tinh toan duya trén dién tich céc tiéu luu vuc nhu Bang 2:



Bang 1: Trong s6 mua theo phwong phap Thiessen cho ting tiéu lueu viee thirong
luu ho chira Tri An va Phudc Hoa

. Trong s6
Tén Tram mwa lilu’a
TLV - ;

Thiessen
i Ta Lai 0,09
nggc Phuoc Hoa 0,31
S& Sao 0,60
Tri Ta Lai 0,23
An Tri An 0,77

3.2.2. Hiéu chinh md hinh NAM
(1) Dé liéu dau vao

- Dit liéu mura bao gom tram Tai Lai va Tri An tor 01/01/2013 dén 31/12/2013 va tram
S& Sao, Ta Lai va Phugc Hoa tir 01/01/1995 dén 31/12/2005.

- Dit liéu béc hoi tinh ttr nhiét do tai tram Tri An tir 01/01/2013 dén 31/12/2013 va S&
Sao tr 01/01/1995 @én 31/12/2005.
- Dt liéu luu luong vao ho thyc do tai Tri An va Phude Hoa duoc tinh toan bang
phuong phap cén bang thé tich cua Ban quan ly ho chua tr tir 01/01/2013 den
31/12/2013 v6i ho Tri Anva tir 01/01/1995 @én 31/12/2005 vé6i ho Phudc Hoa.
(2) Hiéu chinh m6 hinh

Sai s6 giita luu lugng tinh toan va thuc do trong budc hiéu chinh mo hinh duoc
danh gia theo hé s6 twong quan R?, dugc tinh theo céng thirc sau:

R2 = EJF:-_':@D - ‘jnh.s:“:@.s[m[ - ‘-'j.s[mj (3)
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Qsim,i: luu lwong m6 phong tai thoi gian
Qobs,i: luru Iuong thuc do tai thoi gian i
Qope : luu lwong trung binh thye do
Q.im : luu lwong trung binh mé phong
Bang 3: Tiéu chudn danh gia hé s6 tiong quan (Theo Moriasi 2007)

R? R2<04 04<R%<0,8 R2> 0,85
Danh Gia Dat Kha Tot

Sai sd tinh toan duoc véi R? dat 0,816 tai tram Tri An va 0,952 tai Phudc Hoa,
theo tiéu chuan cia WMO, mé hinh dugc danh gia vao loai kha tot (Bang 3). Biéu dd
S0 sanh gitra luu luong tinh todn va thuc do tai Tri An va Phudc Hoa duoc trinh bay
trong Hinh 3 va 4 sau:
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Hinh 3: Biéu d6 so sanh giita lieu lwong tinh toan va thye do tai tram Tri An

PHUOC H0A, Oocened RunCT [M3E] —=-—=

PHUOC HOA, Simulated Rundf [m*3s]
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Hinh 4: Biéu d6 so sanh giita heu Liong tinh toan va thuee do tai tram Phuéc Hoa
Bang 4: Céc thong sé mé hinh NAM dd qua hiéu chinh

Thongso | Umax | Lmax | CQOF | CKIF |CK1,2 | TOF | TIF | TG | CKBF
Tri An 18,6 146 0,157 325,8 47,7 10,312 | 0,557 | 0,12 2685
Phuéc Hoa | 10,2 101 0,111 219,6 375 | 0,95 | 0,144 | 0,011 | 3129

3.2. Thiét 1ap mé hinh diéu tiét hd chira dé tinh toan lweng nwéc xa sau hd chira

Dé tinh toan dugc luu lugng x4 tran tuan theo quy trinh diéu tiét hd chira can xac dinh
cac duong quan hé giita muc nudc hd va luu lwong xa tran, gitta muc nudc hd va thé
tich hd. D6 thi biéu dién quan hé giira myuc nudc hd va thé tich hd duogc trinh bay
trong Hinh 5.

Trong so dd tinh toan luu lwgng xa qua hd chtra, cong thirc tinh dong chay qua dap
tran dugc ap dung dé tinh luu lugng x4 hd Tri An dya trén cot nudc trude dap va
chiéu cao ngudng tran, dang tran qua dap Creager-Ophixirov. Pdi véi hd Phudc Hoa,
cong thire tinh Iuu lvong qua dap tran Labyrinth duoc ap dung dé tinh toan. Sau do,
cac so liéu tinh toan duoc so sanh va hiéu chinh bang duong quan hé gilta myc nudce
ho va luu lugng xa qua tran. D6 thi so sanh Quan hé giita muc nudc ho va luu luong
X4 qua tran giita tinh toan va duong quan hé cho thdy do tin cdy cao véi R?= 0,995,
R2=0,9978 va R%= 0,928 tuong tng v6i HO6 Tri An va hd Phuée Hoa (Hinh 6).
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Lwu lvong
N L lwgn;
(ss) (m3fs) )
25000 10000
o
20000 e 8000 M
.
°
o 6000 WM
15000 2"
] O
¢ 5<3<><""<5<$<
] 2
10000 . 4000 =
] .X.Xxxx L o
0 ° ® didu tidt 10 thuc t ¥ « diew tiet 1d thiet ke P = 0,5%
5000 . eu tet Iu thuc € EDDD Xxx
° ° L ® tinh toan bing cong thirc x& qua trin 0 * tinth todn cong tic Labyrinth
0 - ee® . .
2 . . 0 . 0 248 w44 4;11““:;2 - 4 4 50 51 R
Murc nwde (m) :

(@)

(b)

Hinh 6: Quan hé giiFa Muc nudc ho va heu hrong xa qua tran gida tinh toan bang
cong thizc va quy trinh vdn hanh diéu tiet ho chira: (a) ho Tri An, (b) ho Phuwoc Hoa

Theo d6, cic hé sb sau hiéu chinh nhim tinh toan luu luong nudc chay qua dap
tran dugc xac dinh nhu trong Bang 5:

Bang 5: Cac hé s6 sau hiéu chinh

Hé s6 Gia tri
Ho Tri An Ho Phwéc Hoa
G, 1 -
m 0,5 -
£ 0,925 -
b 15 -
n 8 -
Cd - 0,54

3.3. Tinh toan lwu lweng xa cia cac ho chira

3.3.1. Tinh toan lwu lwong xa cha cac hd chira &ng véi kich ban hién trang

M hinh duoc diéu tiét trong diéu kién:

-Hd Tri An: Myc nudc dén i 62m va ngudng tran 62m [3,4], vu lugng x4 qua

tuabin khong thay doi.




trong

luu lugng xa qua dap tran c6 dg tin cay cao.

pht hop véi thyc té vé dién toan mua — dong chay.

- H6 Phuéc Hoa: Muyc nuée don 1i 43 ,3m va nguong tran 42,9m [5].
- Thoi gian tinh toan: tir 01/01/2013 dén ngay 31/12/2013

Do thi so sanh gitra luu luong xa thuc do va tinh toan sau khi xa dugc trinh bay

Hinh 7 va Hinh 8.

Két qua cho tl}éy su sai khac kha nho gitra l{ét qua tinh toan va thuc do (bang
phuong phap céan bang thé tich cia Ban quan 1y ho chura), ta c6 sai so R2= 0,995 va
R?=0,93 twong (g véi ho Tri An va Phudc Hoa. Diéu nay cho thay mo hinh tinh toan

- HO Tri An: Vao mua khé, luu luong xa xudng ha luu séong Dong Nai hoan toan
tir luu lugng x4 qua tuabin phat dién ciia Nha may thay dién Tri An. Trong thoi gian
nay, muc nudc trong hd chira thip hon muc nudc ngudng tran, do d6, khong co nude
xa qua b tran. Tuong ti d6i v6i cac thang ddu mua mua. Sau ngay 14/9/2013, myc
nuéc trong ho bat dau vuot ngudng tran, do do, tir ngay 14/9 dén 04/10/2013, luu
luong xa xudéng ha luu bao gom: luu luong xa qua tuabin va luu lugng xa qua dap
tran. Dinh cta luu lugng x4 tran mo phong dat 1.308,65 m3/s -sau dinh mua khoang 1
ngdy voi luu luong tao thanh tir dinh mua twong Ung 1a 3.572 m¥/s, 1y giai nay kha

- HO Phuéc Hoa: Két qua sau diéu tiét cho thdy muc nudc hd Phude Hoa van
dam bao trén MNC va dudi muc nudc thiét ké 46,23m -ddm bao mic do an toan cho

ho.
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Hinh 7: 6 thi so sanh giia (a) luu lwong Xa tinh todn va thure do, (b) Muwc nuéce tinh
toan so vdi muc nuoc chét va va nudce dang gia cwong cua ho Tri An
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(b)

Hinh 8: D¢ thi so sanh giia (a) luu huong Xa tinh todn va thuc do, (D) Muc nuéc tinh
to&n o Véi Miee nuwéc chét va va nwée dang gia cwong cua ho Phwdéc Hoa




3.3.1. Luwu lwong x4 caa cac hé chia &ng véi kich ban bién déi khi hau

Theo kich ban BDKH (dwoc xdy dung boi Bé Tai nguyén va Moi truong,
2012), dén nam 2020 va 2030, nhiét d6 c6 xu hudng ting theo cic thang, lwong mua
giam vao cac thang mua kho va tang vao cac thang mua mwa. Voi kich ban nén giai
doan 1980 — 1999, nam 1997 dugc lya chon la nam nén dai biéu dé tinh toan thay 601

lwong mua tng véi cac kich ban BDKH vi tong luong mua twong tng véi xac suit
50%.

Theo céc kich ban, luu luong xa sau hd co sy thay d6i. Két qua tinh toan luu
lrong xa, muc nudc ho, toc do ha va thé tich ho chaa ung véi cac kich ban BBKH
(cao, thap va trung binh) nam 2020 va 2030 dwoc tong hop va trinh bay trong cac
Hinh 9.
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Hinh 9: Luu heong Xa cuia ho chira iing véi kich ban bién doi khi hau (a) ho Tri An,
(b) hé Phuéc Hoa

4. Két luan

Két qua tinh toan cho thiy luu luong x4 tng vé6i kich ban cao 13 thip nhit trong nhitng
ngay dau xa tran cling nhu thoi gian ngdm nudc 1lau hon cac kich ban khac. So véi



hién trang, luu lugng xa tang nhiéu hon vao mua i, do mua tang \iéO ,céc thang nz‘iﬁy
theo cac kich ban BDKH. Nhi¢t d¢ tang anh huong khong dang ké dén sy thay doi
dong chay dén ho.

Vao mua kho, luu lugng thay d6i khong dang ké mic du luong mua giam vi trong
nghién ctru chua xét dén sy thay ddi cling nhu s ha thip cua muc nudc ngam.

Du vay, luu lugng nuée dén hd van dam bao an toan ddi véi quy trinh van hanh hd
chtra. Muc nuée trong hd Tri An khong vuot qua muce nude dang gia cudng (+64,4m)
va khong thap dudi myuc nudc chét (+50m). Tuong tu nhu vdy, myc nudc trong hd
Phudc Hoa ciing khong vuot qua muc nude thiét ké (+46,23m) va khong thip dudi
muc nude chét (+42,5m).

Trong nghién cru ndy, tic gia chi hiéu chinh mé hinh NAM va mé hinh diéu tiét ho
chira, budc kiém dinh chua duogc thuc hién do han ché vé sb liéu. Trong cac nghién
ctru tiép theo, nhom tac gia sé tién hanh budc nay dé mo hinh dat do tin cdy cao hon.
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Flood regulation and socioeconomic & environmental efficiency enhancement
through operating upstream reservoirs system of Sai Gon and Dong Nai Rivers is an
important duty. Furthermore, under current unexpected and complex climate change
condition, this issue is becoming more and more crucial.

Tri An reservoir (on Dong Nai River) and Phuoc Hoa reservoir (on Be River) have
many important functions as the integrated exploitation of water sources for power
generation, agricultural irrigation, water supply and industrial parks and joining in
regulation to reduce salinization of Sai Gon — Dong Nai downstream [Luong Van
Thanh, 2006]. Research on discharge of Tri An and Phuoc Hoa reservoir has
important implications in the of reservoir systems management of Southeast area,
particularly in the context of increasingly complex climate change. Moreover, the
calculation also serves to spread salinization and sediment transport of the Dong Nai
downstream.

This paper presents research on the inflow and the prediction of release of 3 upstream
reservoirs of Sai Gon and Dong Nai rivers (Dau Tieng, Tri An and Phuoc Hoa
reservoirs) according to climate change scenarios. NAM and regulation of reservoirs
models are applied in this research.
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