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ANH HUONG CUA BIEN POI KHi HAU LEN VAN
CHUYEN BUN CAT TRONG LONG HO DONG NAI 2

Poan Thanh Vii', Lé Ngoc Anh', Hoang Trung Théng', Can Thu Vin!

Tém tit: Boi lang ho chira la mét trong nhitng van dé anh huong I6n dén qud trinh van hanh va
tuéi tho cia cong trinh thiyy dién. Muc tiéu cia nghién ciru nay la cung cdp thém cdc thong tin vé
sw bién dong cua déay ho thity dién Pong Nai 2 theo khéong gian va thoi gian, toc d boi lang ciia ho
sau mot thoi gian dai. M6 hinh TELEMAC2D - SISYPHE dwoc sir dung dé mé phong qud trinh thity
dong e va vin chuyén bin cdt trong ho. Két qua nghién ciru cho thay, sau 50 nam tong heong phi
sa boi lang trong hé khodng 42,7.106m°; téc dé boi lang c6 xu hwéng tang nhanh & 25 nam dau
(880840m3/ndm) sau dé giam dan va on dinh it thay d@oi (853.152m>/nam).

Tir khéa: M6 hinh TELEMAC2D, SISYPHE, vin chuyén bun cat, Ho Pong Nai 2.

Ban Bién tép nhan bai: 08/07/2018 Ngay phan bién xong: 15/08/2018 Ngay dang bai: 25/09/2018

1. Giéi thi¢u

Khi xay dung dap ngin song dé tao ho chira
nhén tao, ché do thuy luc trong khu vuc nudc
phia thuong luu dap ciing thay doi boi hai
nguyén nhan. Tht nhét, van tbc dong chay co xu
hudng cham dan tir thuong luu vé dén tuyén dap
do dién tich mat cat uot ting 1én dang ké. Thu
hai, luu lugng nudc mat di do nhu cau khai thac
va str dung nude trong hd von thay doi theo ngay
hay theo muia dé phuc vu cho cic nhu cau dung
nude. Hiéu duoc cac qua trinh van chuyén bun
cat va ché 46 dong chay trong ho sé& gitp ich rat
nhiéu trong qué trinh van hanh va khai thac cong
trinh.

Nghién ctru qué trinh boi ling phu sa trong
ho chtra c6 thé sir dung phwong phap kinh
nghiém hodc phuong dp mo hinh toan. Pdi véi
phuong phép kinh nghiém, thuong str dung cac
cong thtc kinh nghiém da duoc xay dung dya
trén co so cac két qua quan tric cia nhiéu ho
chira trén thé gidi. Phuong phap nay khong can
doi hoi nhiéu s6 liéu va to ra hiéu qua khi can du
bao nhanh & mtrc d§ tham khao. Phuong phap
thi hai, tng dung mé hinh toan sé 1D, 2D hay
3D dé mo phong qué trinh thity dong luc va van
chuyén bun cat. Phuong phap nay doi hoi khbi
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luong s6 lidu dau vao 16n va thoi gian mo phong
1au. Mot s6 md hinh duge st dung phé bién duogc
liét ké sau:

- Nhém mé hinh 1D: Xuat hién tir nhitng nim
1980, hau hét cac mé hinh 1D dugc xay dung
trong hé toa do théng, giai phuong trinh Saint -
Venant cho dong chay va qua trinh van chuyén
bun cat str dung phuong trinh ctia Exner bang so
dd sai phan hiru han. IALLUVIAL duoc phat
trién boi Karim and Kennedy (1982) [1]; HEC-
6 do Thomas va Prashum (1977) [12] cac md
hinh nay chi mg dung cho dong 6n dinh. Mo
hinh MOBED duoc phat trién bai Krishnappan
(1981) [8]; FLUVIAL 11 dugc phat trién boi
Chang (1984) [6]; GSTARS dugc phat trién boi
Molinas va Yang (1986) [10]; OTIS dugc phat
trién boi Runkel va Broshears (1991) [11] nhiing
md hinh nay st dung h¢ toa do cong co thé mo
phong cho dong khong 6n dinh.

- Nhém mo hinh 2D: M6 hinh 2D c¢6 xu
hudng phat trién bat dau tir nhitng ndm 1990,
hau hét cac mo hinh 2D déu giai phwong trinh
lién tyc va phuong trinh Navier-Stokes trung
binh theo phuong dimg cung véi phuong trinh
can bang khéi lugng bun cat bang phuong phap
sai phan hiru han, phén ttr hitu han, hodc thé tich
htru han. M6 hinh MOBED2D dugc Spasojevic
va Holly phat trién (1990) [5]; ADCIRC-2D:
duoc phat trién boi Luettich, et al. (1992) [9]; md
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hinh Mike 21 do DHI (Danish Hydraulic Insti-
tute) (1993) phat trién; CCHE2D do Jia va Wang
phat trién (1999) [7].

- Nhom moé hinh 3D: Phan 16n cac mé hinh
thiy dong luc va van chuyén bun cat ¢ dang ba
chiéu déu giai phuong trinh lién tuc va Navier -
Stokes két hop v6i phuong trinh can bang khoi
luong bun cat bang phuong phéap sai phan hitu
han, phﬁn ttr hitu han hodc thé tich hitu han. Pho

bién c¢6 md hinh MIKES3,
TELEMAC3D ...

Thuy dién Pong Nai 2 dugc xay dung trén
dong chinh song Pong Nai sau thuy dién Pa
Nhim va Pai Ninh (Hinh 1). Nhiém vu chinh cua
n6 1a khai thac thily nang song Dong Nai dé phat
1én luéi dién qudc gia voi cong sudt lip may
70MW va dién luong trung binh ndm la 263,8
triéu kWh.

DELFT3D,

Hinh 1. Vi tri thity dién Pong Nai 2

O Viét Nam, mot sb nghién ctu vé boi léng
long hd cting da duogc thuc hién. Ngo Lé long
(2010) [3] sir dung phuong phap kinh nghiém dé
danh gia bdi ling 1ong hd Nui Cdc. Ngoai ra,
phuong phap phén tich hat nhan, dia chat két hop
v6i GIS ciing dugc st dung trong nghién ciru bdi
lang long HO Tri An duoc tién hanh boi Mai
Thanh Nhan, et al. (2014) [2].

Trong nghién ctru ndy, ching toi ing dung
phuong phap mé hinh toan s6 TELEMAC2D -
SISYPHE dé mé phong ché d6 thay dong luc va
van chuyén bun cat trong 1ong hd két hop véi mo
hinh SWAT dé dy bao luong phu sa va luu
luong dong chay bé xung vao hd chira. So d6 két
hop gitra hai mo6 hinh dugc mo ta nhu Hinh 1.
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Hinh 2. So d6 két hop gitka 2 mé hinh
TELEMAC2D-SISYPHE va SWAT
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2. Gi6i thiéu mo hinh TELEMAC

M5 hinh TELEMAC duoc bét dau phat trién
tor nam 1987 do Tap doan Pién luc Phap (EDF)
chii tri cung vé6i sy tham gia ciia nhidu t6 chirc
nghién ctu trén thé giéi gdm cac module:
TELEMAC3D/2D (md phdéng qué trinh thuy
dong lyc 3D/2D), SISYPHE (van chuyén bun
cat), TOMAWAC (md phong song trén dai
duong), ARTEMIS (md phdng song khu vuc
gan cong trinh). TELEMAC2D ding dé mo
phong dong chay 2D theo phwong nim ngang
(trung binh theo phuong thing dimg) duoc mo
ta boi hé phuong trinh Saint Venant nhu sau:

- Phwong trinh lién tuc:

oh =

PRI OR hdiv(u)= S, (1)

- Phwong trinh dong lugng theo phuwong x:

Z_L;+ uV(u)=— g‘z—i+ S, + %div(hviu) )
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- Phwong trinh dong luwong theo phwong y:

g—:+ uVy)= —gi—i+ S, + %div(hviv) 3)

Trong d6: h(m): chiéu sau, u&v(m/s): thanh
phan van tdc theo phuong ngang x&y cua van
téc, Sh(m/s): luu luwong don vi ciia ngudn, Z(m):
cao d0 mat thoang, Sx,y(m/s?): cac ngoai luc
(khong ké trong luc, vi du luc Coriolis,...) tac
dung trén mot don vi khdi lugng chiéu theo
phuong ngang x & y, (m%s): hé sb khuéch tan.

3. Thiét 1ap md hinh

3.1. Lwdéi tinh todn

Mién tinh dugc roi rac hoa thanh 4.143 nat
tuong Ung véi 8201 phan tir, dién tich 16n nhét
945.719m?, di¢n tich nhé nhat 1.161m> So d6
mang luéi tinh 2D cua hd Pong Nai 2 duoc thé
hién nhu Hinh 3.

Hinh 3. So d@6 hedi tinh todn cho ho Pong Nai 2

3.2 Dir liéu dau vio

Dia hinh

bia hinh duogc léy tr ban dd cao do sb
Dem30x30 d6i voi pham vi long hd va
Dem90x90 cho luu vuc hd chira. Do chit lugng
s6 liéu cao do s6 chua tdt nén cac gia tri cao do

sb sau khi duoc noi suy vao cac nut ludi trong
toan mién tinh sé phai duoc st 1y lai sao cho dam
bao diéu kién vé dung tich trong hd chira. Day
12 mot trong nhimg yéu td quan trong anh hudng
dén két qua mé phong ciia mé hinh.
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Hinh 4. Bia hinh day H6 Pong Nai 2

Dong chay

S liéu dong chay duoc 14y tir luu luong thuc
do vé& hd nam 2015 dé lam hiéu chinh va kiém
dinh mé hinh. Céc sb liéu dong chay ding dé mo
phong cho cac kich ban nén va kich ban bién d6i
khi hau duoc ldy tir s6 liéu md phong ciia mod
hinh SWAT.

Biuin cat

S6 liéu bun cat bun cat trung binh nhiéu nim
thoi ky 1980 - 2000 dwa vao mién tinh duoc ldy
tir két qua mo phong tir mo hinh Swat (Hinh 5).
Ham SISYPHE duoc str dung dé doc s6 liéu bun
cat bo xung tir luu vue séng do qué trinh x6i mon
trén luu vuc vao mién tinh.
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Hinh 5. Tong lwong bun trung binh nhiéu
nam
Céu tric day (bed structure)
Su phan bd bun cat day trén trong long ho
chtra 12 mot trong nhitng dit liéu dau vao quan
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trong trong Ung dung mo hinh thuy dong luc
hinh thai va anh huéng rat 16n dén két qua du
béo. Theo két qua khao sat dia chat, thanh phan
hat chu yéu la cac loai hat c6 duong kinh nho
nhu bun va sét (d < 0,04mm) chiém dén 70%,
con lai 1a cat hat min (d = 0,075 - 0,425mm).
Trong nghién ctru nay, thanh phan bun cat day
dugc phan thanh 3 loai hat c6 duong kinh lan
lugt di = 0,1E-3m (cat min); d> = 0,025E-3m
(bun); ds = 0,5E-6m (sét) phan bd dong dang
theo khong gian trén toan mién tinh. Ty 1é phan
phdi cua cac thanh phan hat twong tGng 13 0,1;
0,2;0,7.

3.3. Diéu kién bién

Bién thiiy dong luc

Bién luu lugng: Luu lwong dong chay dén hd
dugc ap dat trén bién ho phia thugng luu va muc
muc nuée ho duge ap dat cho bién hd phia ha
lru. Bién ha luu: muc nudc ngay trong hd nim
2015 duoc ap dat trén bién hd phia ha luu.

Bién bun cat

Trong nghién clru nay, chung t61 su dung 3
loai bién bun cat gdm: bun cat lo limg (g/1); bién
bun cat day (m*/s) va bién bién dbi day (evolu-
tion - m). Do han ché vé s6 liéu tai bién khi mo
phong trong thoi ky dai, ching t61 gia dinh cac
dac ta cho cac loai bién nhu sau:
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Loai bién M0 ta

Bun cat lo ling  Ap dat (thay ddi theo thang)

Bun cat di day Tu do

Bién dbi day Ty do

Ham CONLIT() dugc sir dung dé thay doi
cac diéu kién bién bun cat trén cac bién ho.
3.4. Higu chinh va kiém dinh mé hinh
Khac voi dong chay trong song hay khu vuc
cira séng/bién ché d6 thuy dong luc trong hod
chira thudng thay d6i cham. Mot trong cac yéu to
quan trong khi mé phong thity luc 1a dam bao vé
mat téng luong. Do s6 liéu dia hinh dugc léy tur
dir liéu Dem 30x30 nén kho c6 @6 chinh xac cao
nén chua dam bao vé mit téng lugng. bé dat
duoc téng luong chiing t6i hi¢u chinh lai s6 lidu
dia hinh. Qua trinh hiéu chinh duoc tién hanh
theo phuong phap thir dan, ham FONT duoc sir
dung dé thay ddi gia tri cao do day hd tai cac nut
trén toan mién tinh cho dén khi tong lugng nudc
trong ho dat dén 281.106m? img véi MNDBT =
680m. Két qua hiéu chinh cho két qua dung tich
trong hd tng véi MNDBT 1a 281.106m? sai khac
v6i thiét ké 11,74%. Muyc nudc hd thay dbi theo
ngdy tuong ung v6i didu kién van hanh niam
2015 thé hién nhu Hinh 6.
Van chuyén bun cat day va bién dbi day duoc
tinh toan thong qua phuong trinh Exner (4).
(l—n)%+V-Qb:0 4)
Dbi voi bun cat di day, cong thire ciia Van
Rijin (1984) [4] duoc lya chon dé tinh toan bun
cat di day ddi voi hat c6 kich thude 0,2mm < dso

<2mm.
.1
Hp - H(?)‘
0(17‘

Trong d6: n 1a hé s6 do réng; Qv: lugng bun
cat di day thuong dugc tinh toan theo cong thure
thuc nghiém va ban thyuc nghi¢m

Dbi v6i bun cat lo limg, ham lugng bun cat
can bang tai sat day duogc tinh bang cong thic

®,=0, 053D:°’3(

)
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cua Zyserman and Fredsoe (1994):

0,331(6'-6,)""

C, = 6
‘1+0,72(0'-6.)"" ©)

Phuong trinh can bang ddi v6i bun cat lo ling
duoc viét dudi dang:

=0

z=Zyy

(1-m) L (£-D) )
ot
Két qua md phong vé bun cat lo ling giao
dong tr 0,002 - 0,005g/1 vao mua kiét va 0,012 -
0,2/l vao mua li. Két qua kha phu hop véi két
qua khao sat bun cat.

Mug nuoc se sanh giua thue do va ma pheng Ho Dong Nai 2
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Hinh 6. Myc nudc ngay giita mo phong va
thue do

4. Két qua

4.1. Két qudi mé phong nam 2015

Dong chay

Vao mua kiét, do lugng nudc bo xung tur
thuong luu it va phan 16n duoc gitr lai boi cac
hé chira thugng luu nén van toe dong chay nho
hon nhiéu so v&i vao mua lii. Van toc dong chay
16n nhat dao dong 0,01 - 0,12m/s. Trong mua I,
luu lwong dong chay duoc bd xung, van tée dong
chay c6 thé 1én dén 0,3m/s cha yéu phan bd tai
phia thuong Iuu hd. Van tdc dong chay ¢ phia
thuong luu hd thudng 16n so voi phan giita va
ha luu hd. Van tdc dong chay 16n nhit trong mua
kiét va Il thé hién nhu Hinh 7.

Ham luwong bun cdt lo lirng

Ham luong bun vao mua kiét dat khoang
0,002 - 0,006 g/1, vao mua lii ham lugng bun cat
dao dong tir 0,008 - 0,2 g/l. Trong mua I{i, bun
cat duoc van chuyén tur thuong luu vé ha luu nén
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ham luong tai ddy c6 xu hudng cao c6 thé dat tir
0,2 - 0,5 (g/). Ham lugng bun cat phan b theo
khong gian va thoi gian tai hd Pong Nai 2 duoc
thé hién ¢ Hinh 8.

Boi ling long hé (Bed Evolution)

Qua trinh bdi lang trong 1ong hd bién doi véi
tdc dd khac nhau theo mua. Vao mua kiét, toc do

bdi trong hd cham hon do lwong dong chay va
phti sa vé ho thap. Sang mua lii, tong luong dong
chay va phu sa vé ho tang hon rat nhiéu din dén
su boi lang nhanh hon. Mtrc d9 boi lang trong 3
thang dau khong dang ké; trong 6 thang tiép theo
dao dong 0,001 - 0,006m; sau 12 thang dao dong
tir 0,038 - 0,086m.

Hinh 7. Bién doi day theo mat cat doc tir thwong luu vé ha luu sau 1 nam

4.2. M6 phéng qua trinh boi ling trong
thoi gian dai 50 ndm

Dé xem xét qua trinh bdi ling trong 10ng hd
trong mot thoi gian dai, ching t6i tién hanh mo
phong trong thoi gian 50 nam. S liéu luu lugng
va bun cat thay doi theo thang, str dung két qua
mo phong tir mé hinh SWAT.

Két qua mo phong cho thay, sau 50 nam tong

lugng phu sa boi ling trong hd Pong Nai 2
42,7.106m°. Bang 1, Hinh 9, Hinh 10, Hinh 14
thé hién luong bun cat boi lang trong hd sau 50
niam. Téc d6 boi léng c6 xu huong tang nhanh &
25 nam dau (880840m3/nim) sau d6 giam dan va
on dinh it thay ddi (853.152m*nam). Tdc d6 bdi
lang trung binh mdi nam thé hién.

Bang 1: Téc dé boi lang sau 50 ndm

Téc d9 boi lang trung

binh 1 ndm (m?)

Nim X’n;)’
5 3694242
10 8064662
15 12436881
20 16802571
25 22021005
30 25481113
35 29790161
40 34092531
45 38391840
50 42692240

738848
806466
829125
840129
880840
849370
851147
852313
853152
853845
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Toc da boi ling trung binh mai nim - M?
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0 5 10 135 20 23 30 33 40 43 30

Hinh 8. Toc do boi ldang trung binh méi nam

Hinh 9. Bién doi day doc ho tir thuong luu vé ha luu sau 50 nam

Hinh 10. Boi ldng long hé sau 50 nam

TAP CHi KHI TUQNG THUY VAN
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5. Két luan va théo luan

Qua trinh bién doi day dién ra gém 2 qua
trinh: bun cat di day (bed-load) va qu4 trinh ling
dong cua cac hat bun cat von phu thuoc nhiéu
vao van toc dong chay. Do d6, sy bién dong day
do qua trinh bdi lang phu sa trong 1ong hd c6 thé
chia thanh 3 khu vuc khac nhau:

- Tai phia thugng luu, do anh huong nhiéu
ctia ché d6 dong chay trong séng va mit cit udt
nhoé nén van tdc dong chay 16n qua trinh bed-
load chiém wu thé hon so vé&i qua trinh liang
dong. Van tbc trong khu vuc nay co thé dat dén
0,35m/s.

- Khu vyc giira hd, mat cat wdt ¢6 xu hudng
rong ra, van toc dong chay nho lai (van tdc 16n
nhit dat 0,06m/s), qué trinh bién d6i day chu yéu
1a do ling dong phii sa va nhan mot phan bun cat
di day tir thuong luu dem dén do qua trinh bed-
load.

- Khu vuc ha luu ho, qué trinh bién d6i day
dién ra manh hon, day 1a vi tri cudi ciing don
nhén lugng bun cat tir thuong luu vé. Qua trinh

bdi ling tai day chu yéu do qua trinh ling dong
gdy ra boi van tdc giam nhanh, véan toc 16n nhat
khoang 0,05m/s.

Sau 50 nam, tong lugng phu sa bdi lang trong
h6 Pong Nai 2 42,7.106m?. Tdc do boi lang co
xu huéng ting nhanh & 25 nim dau khoang
880.840 m?/nam va 6n dinh & 25 nam cudi
khoang 853.845 m*nam.

Hién tugng cting hoa khi phu sa hat min boi
lang két dinh trong mot thoi gian dai khong dugc
xem xét trong nghién ctru nay. Viéc xem xét
thém hién tuong hoa ctng ciia phu sa ling dong
s& duogc cai thién trong nhitng nghién ctru tiép
theo.

M6 hinh TELEMAC véi sy hé trg tinh todn
song song va ma ngudn md& gitp ngudi sir dung
nang cao tdc do tinh toan va linh hoat trong tinh
toan cac kich ban. Diéu nay thuc sy hiéu quéa dbi
v6i nhitng nghién ctru vé thay doi hinh thai day
song, ho, bién vén chi cé thé théy ré khi mo
phong vaéi thoi gian rat dai hang chuc nam, tham
chi hang tram nam.

Hinh 11. Vin toc dong chay 16n nhat trong hé trong mua kiét va mua lii

TAP CHI KHI TUQNG THUY VAN
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Hinh 12. Ham lwong bin cdt trong ho trong mét nam

Hinh 13. Bién doi day trong ho Pong Nai 2 sau 1 ndm mé phong

TAP CHi KHI TUQNG THUY VAN
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Hinh 14. Cao trinh ddy ho tai MC(I1-1), MC(2-2), MC(3-3) tai thoi diém T=0, T=25, T=50

Loi cam on: Két qua nghién ciru trong bai bdo nay dwege thiee hién véi sy tai tro: ciia dé tai cap
B6 2016: “Nghién ciru danh gid va dw bdo béi lang long ho khi vin hanh lién hé chiva trén dong
chinh séng Pong Nai” - MS: 2016.02.19 do Truwong Pai hoc Tai nguyén va Méi truong Tp. Ho Chi
Minh chu tri.
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THE EFFECTS OF CLIMATE CHANGE ON THE TRANSPORTA-
TION OF SEDIMENT THE DONGNAI 2 RESERVOIR

Le Ngoc Anh', Doan Thanh Vu', Hoang Trung Thong" Can Thu Van'!
"Ho Chi Minh University of Natural Resources and Environment, Ho Chi Minh City

Abstract: Reservoir sedimentation is one of the major issues affecting the operation and longevity
of hydropower projects. The objective of this study is to provide more information on the variation
of the bottom of the Dong Nai 2 hydropower reservoir in terms of its space and time and sedimen-
tation rate of the reservoir after a long time. The TELEMAC 2D - SISYPHE model is used to simu-
late hydrodynamic and sediment transport in reservoirs. The results show that: after 50 years, the
total amount of sediment deposited in the reservoir is about 42.7x106m>; the sedimentation rate
tends to increase rapidly in the first 25 years (880840 m?/year) then gradually decrease and stabi-
lize slightly (853,152 m’/year).

Keywords: TELEMAC 2D model, SISYPHE model, transportation of sediment, Dong Nai 2
reservoir.
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