UNG DUNG MO HINH MIKE11 MO PHONG VAN HANH HE THONG
LIEN HO CHUA CAT GIAM LU CHO HA DU - LUU VUC SONG SREPOK

TS. Ng6 Lé Long

Dai hoc Thuy loi

Tém tit: Nhitng nam gan ddy, tinh hinh Iii lut & cdc tinh Mién Trung va Tdy Nguyén ngay cang

gia tdng cd vé tan sudt lan cwong do gdy thiét hai nghiém trong dén tinh mang va tdai san ciia nhan
dan. Viéc nghién ciru van hanh hé théng lién hé chira phong chong li da va dang nhdn dwoce sw

quan tadm ddc biét cua cac nha quan ly, nha khoa hoc. Bai bao wng dung moé hinh MIKE 11 mé6

phong vin hanh hé thong lién ho chira trén séng Srépék tao co sé khoa hoc cho viéc dé xudt qui

trinh vdn hanh lién hé chira phong chong li cho ha du.

PAT VAN PE

Séng Srépok bat ngudn tir tinh Pak Lak (Viét
Nam) chay qua lanh thé Campuchia thudc 2 tinh
Mondulkiri va Stungtreng. Tong dién tich toan
lvu vye 14 30.100km’, chiéu dai dong chinh 1a
315km (hinh 1).

Luu vuc séng Srépok c6 hon 600 hd chira co
quy mé tir nhé dén 16n voi tong dung tich cia
cac hd 1a 2341 triéu m’. Cac hd chira nay déu
khong c6 dung tich phong chdng Iii cho ha du.
Trong nam 2010 cac hd chira 16n duoc van hanh
vO1 quy trinh riéng, doc lap, chua c6 quy trinh
van hanh lién hd chira nén chua phdi hop duoc
v6i nhau trong phong, chéng va giam thiéu tac
hai cua Iii lut d6i v6i khu vuc ha du.

Bai bdo tng dung mdé hinh MIKE 11 mé
phong van hanh hé thong lién hd chira trén song
Srépdk tao co s¢ khoa hoc cho viée dé xuét qui
trinh van hanh lién hd chtra phong chdng lii cho
ha du. Cac hd chira duge luya chon dua vao
nghién ctru 13 nhitng ho chtra ¢6 dung tich kha
16n ¢6 cira van diéu tiét chu dong. Do 1a cac ho:

1) Hb Budn Tua Srah: 13 bac trén clng cua
hé thdng bac thang song Srépdk, cé dung tich
16n nhét, c6 kha nang diéu tiét 16n dbi voi cac
bac thang con lai.

2) Ho Srépok 3: co dung tich va Ny, kha
16m, c6 vai tro quan trong trong viéc diéu tiét 1a
va kiét cho ha du
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Hinh 1: Ban d6 luu viec séng Srépok

Ngoai ra, trén hé thong con c6 thé ké dén ho
Buon Kudp va hd Srépok 4. Tuy nhién, cac hd
nay c6 dung tich bé, diéu tiét ngady dém nén s&
khong tham gia chinh thuc vao viéc van hanh
giam 1i cho ha du ma chi déng vai trd phdi hop
x4 nudc ddm bdo an toan cho ban than cong
trinh dau mbi va gbp phan diéu hoa dong chay &
ha Iuu.
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Bing 1: Théng sé co ban cdc hé trén luu vie séng Srépok

Ho chita . . . . A A
. Buoén Tua Srah | Buon Kuop Srépok 3 Srépok 4
Thong s6 k¥ thuat
Muyc nudc dang gia cuong (m) 489,5 414,5 275 210,48
Muc nudc dang binh thuong (m) 4817,5 412 272 207
Muc nuée chét (m) 465 409 268 204
Dung tich toan bo (10°m?) 786,9 63,24 218,99 25,94
Dung tich hitu ich (10°m?) 522,6 14,7 62,85 8,44
Loai ho diéu tiét DT nam DT ngay DT ngay DT ngay
1. GIOI THIEU MO HINH MIKE 11 Béit ddu (cho méi bwér tinh todn) ThiétI3p cira van
MIKE 11 do DHI Water & Environment phat 4
trién, 13 bo phan mém dung dé mé phong thuy Lénh logic wu tién 1—29%___ chién lwvge 1—!
dong luc dong chay 1 chiéu ving ctra song, Sai

song, hé théng kénh dan... C6t 161 ctia mo hinh
13 M6 dun Thuy dong luc (HD), sir dung so do
sai phan an hiru han 6 diém Abbott-Ionescu dé
gidl h¢é phuong trinh Saint-Venant. Thém vao
do6, viéc két ndi linh hoat v6i cic md dun phu
trg khac, bao gdom muwa — dong chay, van chuyén
bun cat, chat lugng nudc, v dap... da lam cho
kha nang tng dung cua m6 hinh dugc moé rong
gidi quyét dugc nhiu bai toan trong linh vuc
nghién ctru, quan ly tai nguyén nudc.

M6 dun van hanh cong trinh (SO) la mot
trong nhitng mo6 dun phu tr¢g d6. N6 duogc st
dung dé dinh ra cac chién lugc van hanh cho
cong trinh xdy dung trén séng nhu cira cong,
ctra van, tram bom, ctra xa hd chira... V&i mod
dun nay cac hd chira c6 thé dugc van hanh
thong qua viéc lya chon mot s6 bat ky céc chién
lugc diéu khién khac nhau. Cac chién luoc nay
s& duoc biéu dién dudi dang mot chudi cac ciu
1énh “IF - THEN”. Néu tit ca cac diéu kién dinh
ra cho mot chién luge diéu khién dugc thoa
man, chién lugc d6 s& duge thuc thi. Cac chién
lwge diéu khién dwgc xac dinh béng cach su
dung mot danh sach cac cau 1énh logic, cdc ham
toan hoc tuy thudc vao quyén uu tién cta céc
hinh thirc diéu khién khac nhau. Nguoi ding co
thé dinh ra cdu 1énh logic ndo quan trong nht,
nhi, ba (tht ty uu tién cua cac ham logic).
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Lénh loglc wu tién 2— 2919 chién luge 2——>
Sai

Lénh logic wu t1én 3—219 __ chién luge 38—

Sai

Y
Lénhlogic wutién N —Lubniudndiing __ cpén iwge N

Hinh 2: Cay ra quyét dinh cho cong trinh
xa tai mot buoc thoi gian

Hinh 2 mo ta mot thu tuc van hanh cong trinh
tai mot bude thoi gian bat ky. Trong d6, N xac
dinh quyén wu tién thap nhét, ludn ludn duoc
thue thi khi cac 1énh logic khac 1a sai. Bang viéc
thiét 1ap cac chién luoc diéu khién khac nhau,
nguoi dung c6 thé mod phong van hanh hé thong
ho chira da muc tiéu bao gém ca phong lii, phat
dién, cdp nudc. ..

2. THIET LAP BAI TOAN VAN HANH
LIEN HO CHUA

Cac hd chira lién két v6i nhau tao nén hé
thong hd bac thang. Viéc van hanh cac ho chira
& thuong luu sé& anh huong truc tiép dén dong
chay dén ho chira ¢ ha Iuu.

So db téng quat cua bai toan dugc trinh bay
trén hinh 3



Cac

tran 1a Hé thong
10‘11 =p ho chira
dién trén luu vuc
hinh

Dién toén 'Dén'h
1l xuong ‘ gia hiéu
ha du qua cat

giam 10

Tinh toan

luong nudc
gia nhap cac

bién

Hinh 3: So d6 khéi tinh todn van hanh lién ho chira

Trong bai toan van hanh lién hd, c6 ba khdi
tinh todn quan trong:

- Khéi van hanh hd chira cét giam i (bao
gdm x4 nude don li va diéu tiét cat giam 1d). St
dung mo dun van hanh cong trinh (SO).

- Khéi tinh toan luong nudce gia nhap cac
bién. Str dung mo hinh thuy vin NAM.

- Dién toan 1 sau khi diéu tiét qua cac hd
chira va mang song vé ha du. Str dung mé hinh
thuy luc MIKE 11 (HD).

2.1 Thiét lap mang lwéi tinh toan thity lwe

Mb hinh MIKE11 thiét lap cho hé thong song
Srépok bao gdm toan bd dong chinh va cac phu Iru
chinh (Hinh 4) v6i 190 mat cat ngang dugc khao
sat, do dac va hi€u chinh theo cao do Quéc gia.
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Hinh 4: Mang luoi tinh toan thuy lyc va cong
trinh diéu khién trong mé hinh MIKE 11

Bién trén ciia mo hinh thuy lyc
V61 mang song tinh todn da duoc xac dinh &

trén, bién trén ciia mé hinh thuy luc 1a qué trinh
luu luong theo thot gian Q= f{t) tai céc vi tri sau:

+ Tram Giang Son trén song KrongAna

+ Tram Ptrc Xuyén trén song KrongKno

Bién dudi ctia mo hinh thuy luc

Bién dudi cia mé hinh thuy lyc la quan h¢
Q=f(H) tai tram thuy van LamPhat (Cam Pu Chia)

Bién doc song ctia mé hinh thuy luc

Bién doc mo hinh 1a cac duong qua trinh luu
luong Q = {(t) gia nhip khu gitta. Cac bién nay
dugc tinh toan bang moé hinh thuy van (mé hinh
NAM) bao gom 4 luu vye (hinh 5).

TY LE 1: 500 000
o

Hinh 5: Bién doc song khu vwc nghién cuu

Céc chi tiéu co ban cua cac bién gia nhap khu
gitra nhu sau:

Luu vuc 3: F= 1086 km’ nhdp vao song
KrongKno
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Luu vuc 4: F= 873 km’, nhip vido song
Srépok phia trén tram thay van Cau 14.

Luu vyc 5: F= 1764 km’, nhip vao song
Srépok phia trén hd Srépok 3

Luu vgc 6: F= 713 km’, nhdp viao song
KrongAna

Tram hiéu chinh va kiém dinh ctia m6 hinh

thuy luc.

+ Tram thiy van Ban Don

M6 hinh dugc hiéu chinh voéi thoi doan tinh
toan 1a tran 1d tir 4/10-16/10/1993 va kiém dinh
vO1 thoi doan tinh toan 1a tran I tur 15/11-
30/11/1998, khi hé théng chua c6 cac hd chua
(hinh 6).

i

\\\\\

o

Hinh 6: Muc nwoc tinh toan va thwc do tai tram Bdn Don
(a Tran lii thang 10/1993; b tran lii thang 11/1998)

Két qua hiéu chinh va kiém dinh mé hinh la
kha tot voi chi tieu NASH dat 95% khi higu
chinh va 88% khi kiém dinh. Nhu vay, thiét 1ap
mo hinh mdé phong doan song nghién ctru va bd
thong sd ctia mo hinh 1a phu hop voi didu kién
hién trang. M6 hinh hoan toan cé thé sir dung
cho cac tinh toan, nghién ctu tiép theo.

2.2 Thiét 1ap md dun van hanh hé thong
hé chira lvu vue séng Srépok

Pé tién hanh thiét 1ap viéc van hanh hé thong
hd chira, céac cong trinh diéu khién duoc dua vao
mang ludi tinh toén thuy luc MIKE 11 cua hé
thong song Srépok (hinh 4). Cac cong trinh c6
thé dugc chia thanh hai nhém

- Nhém céc cong trinh thire: md ta viée didu
tiét nuoc trén hé thong song Srépdk bao gom
cac cong trinh xa qua ctra van cua dap va cong
trinh x4 qua turbin dé phat dién ctia cac nha may
thuy dién.

- Nhom cac cong trinh gia: mo ta céc trang
thai van hanh cta hé thong cong trinh nhu xéac
dinh d0 md& cua cac cua xa hay céc giai doan
van hanh caa hé thong nhu xa nude don li hay
diéu tiét cit giam dinh . Cac cong trinh gia
nay dugc thiét lap trén cic nhanh song gia,
khong két ndi thiry luc v6i mang song Srépok.
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Vi vay, n6 khong anh hudéng dén viéc mo phong
dong chay trén hé théng song.

Viéc xa nudc qua hd s& tuan theo nguyén tic
chuyén qua tuabin truéc roi phan thira s& thong
qua viéc van hanh cac ctra van.

Pé xac dinh lugng nudc xa qua déap, 2 cong
trinh duoc thiét 1ap tai vi tri cong trinh. Mot
cong trinh qui dinh lugng nudc qua turbine va
mot qua cong trinh x4c dinh luu lugng xa qua
ctra van. Luu luong ra khoi hd theo phuong
trinh sau:

Q out (t) — Qxé qua tuabin (t)+Qxé qua cira van (t)

Trong do : Qi qua wabin 12 Iuru Iwong xa qua tuabin
(t) dugc xac dinh dya trén biéu do diéu phéi

Qxé qua cira van 12 Turu lwgng x4 qua cura van (t)

Luu lugng qua ctra van s€ la ham cua gia tri
muyc nude trong hd va sb ndc mé cira twong ng
cua tung cua.

Qui qua cira van = T (Hig, S6 nic mo cira tuong
ung cua tung cura)

Nhu vay, viéc didu hanh cic hd ngoai viéc
phat dién s& dugc xac dinh thong qua viéc dong
m¢ thém mdt nic cira xa dya trén trang thai van
hanh cua hé théng va luu luong dén hd. Dé xac
dinh trang thai van hanh cua tung hd, mot cong
trinh dat trén mot nhanh song gia dugc thiét lap.



Cong trinh ndy nham xac dinh tong s6 ndc mo
clia cac cira xa cho cong trinh diéu khién thong
qua viéc thiét 1ap cu trac diéu khién. Cac ham
logic s& quyét dinh khi nao déng, khi nao mé
thém 1 nac. Trén co s& két qua sb nic xac dinh

Control Target A~
Point Yalue| Point ¥alue
1 u] u]
2 1 0.25
3 z2 0.25
4 ] 0.25
5 4 0.5
=] 5 0.5
7 =] 0.5
g 7 0.75
9 g 0.75
10 9 0.75
11 10 1
12 11 1
13 12 1
14 13 1.25 Z
. (a)

trén nhanh song gia, cong trinh ctra xa tai vi tri
dap s€ xac dinh thoi diém d6 s& c6 bao nhiéu
clra m& va sd nic mo cua ting cira (hinh 7). T
do6 xac dinh dugc luu luong xa xuéng ha luu tai
thoi diém tinh toan.

Control Target A
Point ¥alue| Point ¥alue
1 1] n
2 1 1
3 z 2
4 3 3
5 4 1
& 5 2
7 & 3
& 7 1
) g 2
10 9 3
11 10 1
12 11 2
13 12 3
14 13 1 Z
o . (b)

Hinh 7: Giao dién xac dinh so6 nac mo va so cwea xa mo twong ung trong MIKE 11

Dua trén ciu trac va muc dich van hanh cua
cong trinh dang xét ma nguoi van hanh co céac co
so dé thiét 1ap cac cau Iénh khac nhau. Cac diéu
kién can xem xét dén céc bién diéu khién nhu:
muc nuée hd, muc nude ha luu, Tuu luong dén
ho, Iru lwong xa qua dap... Trén co so d6 danh
gia quyén uu tién va thiét lap tha ty wu tién. Dudi
day minh hoa mot sb cau 1énh logic st dung cho
viéc xac dinh s6 nic mo cia cong trinh xa:

IF

Hres >=487.50 and Hgs < 173.00

THEN (cira x4 md thém mot nic)

ELSE IF

Hres < 487.49 and Qué, < Qxs and SN > 0

THEN (ctra xa dong lai mot nic)

END IF

Trong d6: Hres: muc nude hd.

Quén: Qxa: tong Iru lugng dén va xa qua hd

Hgs: muc nude tai vi tri kiém soat

SN: S6 nic dang mo

3. MO PHONG BAI TOAN VAN HANH
LIEN HO CHUA CAT GIAM LU HA DU

3.1 Nguyén tic diéu hanh hé théng hd
chira trén song Srépok

Qua khao sat khu vuc nghién ctru cho thiy
ddi voi song Srépok muc nudc I tai tram Cau
14 va Ban Don vuot bao dong III tir 2 - 3m tré
1én méi gay ra ton that dang ké (tran bo). Vi
vdy, tiéu chuan giam lii trén song Srépok ndi
chung 1& myc nuéc lii tai cac diém kiém soat
vuot bao dong III tr¢ 1én. Nhu vady viéc van
hanh diéu tiét chi thyc hién dbi véi cac con 1
16mn va dac biét 16n gay ra nhitng tran 1l trén bao
dong I11. S6 liéu thong ké nhitng tran 1d 16n tai
Ban Don ¢6 Quax > 2000 m’/s thudng xdy ra gan
nhu dong thoi trén ca 3 nhanh séng. Do ¢6 su
léch pha gifra 1t 16n & Birc Xuyén va Giang Son
nén 1i 16n ¢ Ban Don thuong c6 dang 2 dinh.
Trong d6 mot dinh co quan hé rat chit ché vai
lii 16n xay ra tai Puc Xuyén. Néu nhu chi van
hanh riéng hé Budn Tua Srah thi chi c6 tac dung
cat giam 1 cho dinh ndy ma thdi. Do hd Budn
Tua Srah va hd Srépok 3 nam trén hé thong bac
thang, viéc giam bot luu luong dinh Ii trén
nhanh Krong Kno s& giam bét ap luc cit giam
lii vé hd Srépok 3. Nhu vdy, can c6 sy phdi hop
chit ché giita hd Srépok 3 va Buon Tua Srah
trong viéc giam Iii cho ha du, trong d6 hod
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Srépok 3 s& dong vai tro quyét dinh dén hiéu
qua gidm Id ha du.

Tir cac phan tich trén, nguyén tic van hanh
hé thong cac hd chira trén song Srépok duogc dé
xuit nhu sau:

Hb Srépok 3 s& giir vai tro chia khoa trong
viéc diéu chinh giam 1ii cho ha du Srépok. Ho
Buon Tua Srah s& hd tro cat giam li dbi v6i tran
Ii I6n xdy ra & Dic Xuyén trén nhanh
KrongKno. H6 Srépdk 3 phai duoc danh dung
tich giam 1 cang nhiéu cang tot véi diéu kién
cho phép.

Viéc diéu hanh hé théng ho c6 hai giai doan
quan trong do la:

1. X4 nuoc danh dung tich don It

2. Piéu tiét cat 1, vi dung tich cat 1ii nho nén
chu yéu cit dinh 1

3.2 Xa nuwéce don lii

Pay la giai doan thyc hién trudc khi li dén
h6 1én nhanh, myc nudc ha luu dang thap. Van
dé 14 can x4c dinh thoi diém x4 nude hd dé don
1ii va myuc nudce thip nhit c6 thé xa 1a bao nhiéu.
Chon thoi diém x4 nuéc lam sao dimg qua
mudn dé danh dung tich dugc 16n nhit. Tuy
nhién, néu xa qua sém s& gip rui ro cao khong
tich day nudc trd lai khi du béo 1i vé ho khong
chinh xac.

Nguyén tic chung xa nudc:

= Cin cr vao du bao Iru lugng dén ho két
hop véi myc nudce tai diém kiém soét 1ii & ha du
dé xa dan va khong dugc giy lii nhan tao o ha
du, cudng suat Ii xa i khong qué 16n. Khi myc
nude & ha du dat ngudng nao ddy thi phai nging
xa va Iii van tiép tuc 1én thi chuyén sang trang
thai diéu tiét cit 1.

= HO Buodn Tua Srah va Srépok 3 c¢d ging
ha thap muc nudc t6i da cho phép.

4.2.1. Thoi diém xd nwéc don li

Thoi diém bit dau diéu hanh xa Iii dwoc tinh
tur khi dg bdo muc nudc 1u (hay luu lugng Iii)
dat ngudng cip bao dong II va du bao Ii c6 kha
ning tiép tuc lén. Nghia la:

+ Tram thuy van Pic Xuyén: Q = 600-700
m’/s.

+ Tram thuy vin Cau 14 va Ban Pon: Q »
1000-1200 m’/s.

Nhu vdy, cac hd di tién hanh x4 nuéc tir
trude khi luu lwgng dat ngudng bao dong II véi
luu Iwong xa tang dan.

4.2.2. Muc nwéc cic ho can ha dé danh
dung tich cdt gidm lii cho ha du

Qua phan tich cac dudng diéu phdi cua cac
hd, tinh toan, lya chon muc nudc co thé ha
xudng thap nhat c6 thé dé tranh thiét hai vé dién
va it rai ro khi du bao 1i dén hd khong chinh
xéc, d& xuat chon myc nuée don 1 doi voi hd
Buon Tua Srah 1a 486.5 m tuong duong véi
dung tich 1a 37 triéu m’ va hd Srépok 3 1a 270
m, twong tng dung tich 1a 33,4 triéu m’.

3.3 Van hanh cic ho diéu tiét cit, giam li
cho ha du

Hinh 8 minh hoa két qua tong hop qua trinh
cat giam 1ii cho tran 1ii ndm 1998. Tréan 1i niy,
do bén nhanh song Krong Ana xuat hién 1ii 16n
trude, lam cho Iuu lwong dén hod Srépok 3 ting
nhanh. H6 Srépok 3 tién hanh x4 nudc don li
truéc. HO Budn Tua Srah xa nudc don li sau.
Tuy nhién, do I trén nhanh Krong Kno dat dinh
truéc nén hd Budn Tua Srah van hanh cit giam
dinh [0 trén nhanh song Krong Kno (dinh lu
trudc & ha du). HO Srépok 3 s& van hanh cit
giam dinh 10 th 2 gdy ra do I bén nhéanh
Krong Ana va khu gitra.

Hiéu qua cat giam i cho ha du dugc thé hién
trong bang 2

Bdng 2: Hiéu qua giam dinh i tqi ha du

Muc nuwée lii 1on nhét (m)

Hiéu qua giam la

Tuw nhién Ho cit li (cm)
Nga ba Quynh Ngoc 417.91 417.55 35
Ban D6n 178.53 178.11 42
Bién gi¢i VN-CPC 155.28 154.75 53
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Hinh 8: Tong hop qud trinh diéu tiét lii nam 1998

e Khi cic hd xa nude danh dung tich cit li:
Thoi gian xa vé muc nudc trude i chi trong
khoang 24 gio, Cac hd s& khong xa nudc khi
muc nudc tai tram thuy van Ban Pon vuot qua
muc bao dong III.

e Khi xa li dua muc nuéc cac hd vé muc
nude don i (MNDL) cac ho van dam bao hiéu
qua phat dién va danh dung tich sin c6 dé don

Tai liéu tham khao

1ii, khi dinh 1ii vé s& van hanh hd chira giam I
cho ha du dong thoi hd s& tich nudc tré lai
MNDBT.

e Qua tinh toan d6i voi tran i nam 1998
cho thdy khi c6 cac hd tham gia van hanh cat
gidm 14 myuc nudc ha du giam duoc tu 0,3 dén
0,5 m gop phan giam nhe ton that do 1i gay ra.

4. KET LUAN

1) M6 hinh MIKE 11 1a cong cy manh trong
viéc mé phong dong chdy trén song ciing nhu
qua cong trinh. Viéc ing dung mo hinh két hop
v61 md dun van hanh cong trinh (SO) gitp cho
viéc mo phong van hanh cac cong trinh ctra van
mot cach dé dang, thuan tién cho viéc nghién
ctru thiét 1ap quy trinh van hanh lién ho chira.

2) Nghién ctru di budc ddu d& xuit duoc
nguyén tic van hanh lién ho chira cho cic béc
thang trén hé thong phuc vu cit giam i cho ha du.
Do cac hd khong ¢ dung tich phong 1, dé c6 thé
diéu tiét cat giam 1ii, cic ho s& chu dong ha thip
muc nudc don 1 khi c6 du bao i xay ra. Phan
dung tich niy chi danh dé cat giam dinh 1ii dén cac
hd nhidm ha thip muc nude cho ha du tranh giy
nén tinh trang Iii xau hon ty nhién vén c6 va muc
d6 anh huong dén dién 1a khong dang ké.

1. DHI (2005), MIKE 11 - A modelling system for Rivers and Channels. DHI — Water and

Environment, Denmark.

2. Ngo Le Long va nnk (2008), Implementation and Comparison of Reservoir Operation

Strategies for the Hoa Binh Reservoir, Vietnam using the Mike 11 Model. Water Resources Manage
DOI 10.1007/s11269-007-9172-1.

Abstract
SIMULATION OF MULTI-RESERVOIR OPERATION IN SREPOK RIVER BASIN
FOR FLOOD CONTROL USING THE MIKE 11 MODEL

In recent years, the increase of flood in both numbers and manitues in Central and Highland
part of Vietnam has damaged properties and human life. Therefore, studying on multi-reservoir
operation for flood control has received interests from many managers and specialists. This paper
presents the application of MIKE 11 model to simulate multi-reservoir operation in Srepok river
system. As expected, the research results will be used as scientific basis for establishing multi-
reservoir regulation for flood control in the downstream part of the river.
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