NGHIEN CUU XAY DUNG MO HINH THUY VAN KINH TE
LUU VUC SONG BA TREN CO SO NGON NGU GAMS

Nguyén Thi Thu Nga', Hoang Thanh Tung', Kiéu Trung Hiéu'

Tém tit: Luu viee séng Ba la mét trong nhitng leu viee séng I6n & Viét Nam hién dang gap nhiéu
van dé trong quan 1y tai nguyén nude. Bai bdo nay tom tdt cdc két qua nghién ciru xdy dung mé
hinh phén bé tai nguyén nuwée trén leu viee soéng Ba theo hweong toi wu vé kinh té bang viéc img
dung ngén ngit GAMS (General Algebraic Modeling System). Cdc két qua ban dau cho thdy kha

nang ung dung cac phdan mém toi wu vao bai toan phdn bo tai nguyén nudc la kha tot, can duoc

phat trién va mé réng trong twong lai.

Tir khéa: md hinh thiy vin kinh t¢, GAMS, phén bd tai nguyén nude, t6i uu hoa

1. PAT VAN PE

Quan 1y tai nguyén nudc theo luu vyc song
da duogc ca thé gi6i thira nhan tir vai thap ky gan
day. Trong Piéu 3 Luat Tai nguyén nudc cia
Viét Nam ban hanh nam 2012 ciling néu rd
nguyén tic quan 1y tai nguyén nudc phai bao
dam tinh théng nhat theo luu vuc song. Tuy
nhién, thuc t& trén luu vuc song ludn ton tai
nhiéu mau thuin trong viéc khai thac, sir dung
nudc gitia cac nganh, dia phuong ciing nhu bao
vé moi truong. O nhimg luu vyc song thiéu
nude hodc khan hiém nudce, cac mau thuan cang
gia ting, dan dén van dé quan 1y phan bo tai
nguyén nudc cang tro nén kho khan.

Dé hd tro cho cac nha quan 1y trong viéc ra
cac quyét dinh lién quan dén quan 1y tong hop
luu vuc song, cac nha nghién ciru ¢ thé tng
dung cac md hinh thuy van luu vuc rit manh
nhu mé hinh MIKE BASIN, WEAP, REALM...
trong nghién ctru cac kich ban phan bd nudc.
Trong khi d6, nghién ctru bai toan chia s¢ phan
bd ngudn nudc theo hudng tiép can tdi uu van
chua phé bién tai Viét Nam do viéc hé théng
hoéa ca luu vuc song la rat phtic tap. Mic du vay,
nghién ciru phan b6 va quan 1y nude theo dinh
hudng boi gia tri kinh té nuée cho phép hiéu rd
vé hiéu qua cta cac chinh sach dy kién hay céac
bién phéap quéan 1y nudce trén luu vuc.

oy ruwong Pai hoc Thuy Loi.

Nham dénh gid kha nang ung dung mé hinh
t6i wu vao bai toan chia sé, phan bd tai nguyén
nuée dudi goc nhin vé loi ich kinh t&, nhom
nghién ctu da lya chon Ung dung ngoén ngl
GAMS dé xay dung mdt mo hinh chia sé, phan
bd tai nguyén nudce cho luu vuc séng Ba.

2. GIOI THIEU CHUNG VE LUU VUC
SONG BA

Song Ba 1a mot trong nhimng hé théng séng
I6n & Viét Nam, ¢6 dién tich luu vuc 1a 13.900
km?, chiém 4,3% dién tich cua ca nude. Luu vuc
song Ba thugc 3 tinh Gia Lai, Bak Lik, Pha Yén
va mot phﬁn rt nho thudc tinh Kon Tum.

Luu vyc song Ba ¢ tiém ning rat 16n vé tai
nguyén dat véi khoang 425.334 ha dit nong
nghiép va gan 1 triéu ha dat 1am nghiép. Tai
nguyén nudc trén luu vyc ciing kha doi dao véi
luong mua trung binh hang nam khoang
1740mm, tong luong nude khoang trén 10 ty m’.
Tuy nhién, do dia hinh bi chia cit manh, khi hau
thoi tiét bat loi véi mua kho kéo dai, lugng dong
chay trén cac song sudi phan phdi khong déu,
dan dén tinh trang han han thuong xuyén xay ra.
Bén canh d6, luu vuc song Ba c6 tiém ning phat
trién kha 16n vé thiry dién, voi tong cong suat
lip may khoang 737MW, dién luong hang nim
xap xi 3,22 ty KWh. Hién nay c6 rat nhidu cong
trinh thiy dién da dua vao st dung (Hinh 1),
lam gia ting mau thuin trong phan bd ngudn
nudce, dac biét vao mua can.
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Ej;Em o LU'U vuC S’;ONG BA§

Hinh 1: Vi tri cdc thuy dién va khu tuoi trén
lvu vue song Ba

3. MO HINH TONG HQP THUY VAN KINH
TE

Mo hinh tong hop thuy vian kinh té 1a mo
hinh két hop gita m6 hinh mé phong luu vuc
(md hinh thuy vin tinh todn can bang nudc) véi
md hinh tinh toan loi ich kinh t& di dugc nhém
nghién ctu ap dung cho luu vuc song Ba. Mo
hinh nay dugc thiét lap trén co sé ngon ngir 1ap
trinh cao cdp GAMS. Bén canh chirc ning tinh
toan can béng nudc luu vuc, md hinh s€ tap
trung vao khia canh kinh té, v&i ham muc tiéu 1a
cuc dai hoa loi ich kinh té tr viéc st dung nudec.
Céc yéu cau vé dong chay téi thiéu duogc coi la
céc rang budc trong tinh todn. M6 hinh h¢ thdng
luu vue song Ba dugc xdy dung dudi hinh thuc
mot mang ludi cac nut — lién két, mo phdéng mot
cach gian lugc cac quan hé vat ly theo khong
gian va thoi gian dién ra trong luu vuc. Céc nit
biéu dién cac vj tri trén song, hd chira, cac vung
sit dung nudc, trong khi d6 cac lién két co
nhiém vu két ndi ching lai véi nhau. Dong chay

dén mot nit tinh toan bao gdm dong chay tir dau
ngudn va cac dong nhap lyu. Can bang nudc s&
duoc tinh toan cho tung nut trong tung budc
thoi gian dé dam bao céc qua trinh vat 1y dién ra
trong luu vuc dugc thdéa man.

Nghién ctru ké thira mot s6 két qua cia Dy
an Quy hoach st dung tai nguyén nudc luu vuc
song Ba cua Vién Quy hoach Thuy lgi. Theo d6
toan bd luu vuc song Ba dugc chia thanh 7 phan
ving st dung nudc. Ving Nam Bic An Khé
tinh tir thugng ngudn dong chinh séng Ba dén vi
tri duy dinh xay dung hd thuy dién song Ba
Thuong khéng ché dién tich luu vic 3.149 km®.
Vung thugng Ayun tinh tir thugng nguén song
Ayun dén vi tri ho Ayun Ha véi dién tich luu
vue 1.670 km®. Ving Ayun Pa gdm khu vuc
trung luu dong chinh song Ba va ha luu song
Ayun. Ving Krong Pa gém khu vuc trung luu
dong chinh song Ba trong ranh giéi hanh chinh
huyén Krong Pa. Vung Krong Hnang la toan b
luu vuc song nhanh Krong Hnang véi dién tich
1.840 km®. Vung thuong Pong Cam bao gom
toan bd luu vyc song Hinh va hai bén ta hitu
song Ba dén dap Pong Cam. Vung ha luu tinh
tir dap Dong Cam ra dén bién va toan bo luu
vuc song Ban Thach.

Ngoai ra, nghién ciru ciing ké thira két qua
tinh toan luong dong chay dén tai cac bién va
nhap lwu khu giita Gmg véi tan sudt 75%, luong
nudc yéu cau cho sinh hoat va nganh cong
nghi€p giai doan 2010-2020, muic tudi tung
thang cho laa va ca phé. Riéng thong sb vé cac
ho chira thuy lgi, thiy dién va cac nut kiém soat
lwu lwong t6i thiéu dugc cap nhat tir tai liéu Quy
trinh van hanh lién hd chta trén luu vuc song
Ba. Trén luu vyc séng Ba hién c¢6 6 hd chira
thuy loi, thiy dién 16n dugc dua vao xem xét
trong mo hinh, d6 1a cac hd chia: Ayun Ha,
Kanak, An Khé, Krong Hnang, Séng Ba Ha va
Séng Hinh (Hinh 1). So 6 mang ludi cac nut
tinh toan va lién két giira cac nut duoc trinh bay
trong Hinh 2.

M6 hinh dugc xdy dung trén ngoén ngl
GAMS, st dung chuong trinh tinh (solver)
CONOPT3 — chuong trinh chuyén dung cho cac
bai toan quy hoach phi tuyén.
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Hinh 2: So d6 mang ledi tinh todn mé hinh

3.1. Céc thanh phén luu vue song

Cac qué trinh thuy vin dién ra trén luu vuc
tinh theo nguyén tic cén bang nudc giita cic
nat, bao gdm dong chay nut trén — nat dudi,
dong chay tir cac nut séng/hd chira cung cap cho
cac khu tuéi va khu dan sinh, dong chay hoi quy
tir cac khu tudi va luong xa cia cac hd chira
thuy lgi/thuy dién. Trong pham vi nghién cuu,
mo hinh khong tinh toan dén anh huong cua
nuée ngam trén luu vy,

Phuong trinh c4n bang nudc tai nut c6 dang:

= Qi — d;
2.%- 2. 0

Trong do6: i 1a dong chay ra khoi nut tai budc
thoi gian i (m’/s); Q; 1a dong chay ra tir cac nit
trén (m3 /s); d; 1a nhu cau nudc & cac nit sir dung
lién két voi nat (m*/s).

Phuong trinh can bang nudc viét cho nat hd
chtra nhu sau:

V= Vi 400 mIXTx1075—L; (2)

Trong d6:Vi, Viy 13 dung tich hd chira tai
bude thoi gian thu i va i+1 (triéu m’); Qj, r; 1a
lwu lwong dén va ra khoi hd binh quan trong
thoi doan (m’/s); T 1a sb gidy trong mot thoi
doan tinh toan (1 thang); L; 1a ton that hd chira

(thdm + bdc hoi) thang thir i.

Phuong trinh tinh cong suat phat dién ctia ho
chua thuy dién:

N, =K xp; ®x H; 3)

Trong d6: N; 1a cong suat phat cia nha may
thang tht i (KW); K: H¢ sb phu thudc vao hi¢u
suat cia nha may; p; 1a luu luong qua tua bin
nha may thang thir i (m*/s); H; 1a cot nudce tinh
toan (m).

3.2. Thanh phin vé kinh té

Muc tiéu ctia mé hinh 1a tdi da loi nhuin
rong hang nam tu viéc st dung nudc cho san
xudt ndng nghiép, cdy cong nghiép va phat
dién. Ham muc ti€éu cua moé hinh duogc tinh
theo cong thirc:

Max Obj = ZL’AEZ- + chﬁ- + ZL-’PE- W

Trong d6 VAI; 1a lgi nhuan rong tor cac nit
cép nudc tudi lha 2 vu; VAcf; 1a 1gi nhuédn rong
tir cac nut cap nudce tudi ca phé; VP; 1a loi nhuan
tir san xuat dién.

Loi ich kinh té t céip nudc twoi dugc tinh
toan theo cong thiic:

VA =PryxN; —4; xC; - Wy x Cw; (5)

Trong d6: Pr;1a gia san pham trén thi truong
(VND/kg); N; 1a tong san lugng thu hoach (kg);
A;1a tong dién tich gieo trong (ha); C; 1a chi phi
san xuat (lao dong, phan bén, may moc, thude
sdu...) (VND/ha); W; 1a tong lugng nudc tudi
yéu ciu (m®); Cwy 1a gia nudc (VND/m?).

Thong tin vé chi phi san xut (gid cong lao
dong, gia phan bén, chi phi may moc, gia thude
sau...) dugc tham khao trong nién giam thong ké
cua céc tinh luu vuc song Ba.

Loi ich kinh té tir phat dién dugc tinh theo
cong thuc:

VP = ¥ P xT X op; — cp;)
t ’ (6)

Trong d6: VP; 1a loi ich kinh té tir san xuat
dién; P;, 1a cong suét phat dién thoi doan i cia
nha may thity dién thi t (KW); 7'1a sé gio trong
mdt thang; pp; 1a gia ban dién (VND/KWh); cp;
1a chi phi san xuat (VND/KWh). Cac mirc gia
dién qua cac thang dugc tham khao trong Quyét
dinh 2014/Qb-BCN ngay 13/6/2007.

3.3. Cac phuong an tinh toan va két qua
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Mo hinh dugc 4p dung tinh cho cac phuong
an sau: Phuong an 1 (PA1) la phuong an khong
xem xét rang budc vé dong chay tdi thiéu.
Phuong an 2 (PA2) la phuong an c6 rang budc
dong chay tbi thiéu theo nhu Quy trinh van hanh
lién ho chira. Phuong an 3 (PA3) gidng phuong
an 2, cong voi xem xét ca van dé bao dam an
ninh luwong thyuc, voi rang budc it nhit 50% dién
tich dt trong lua phai duoc gieo trdng & cac nit
tudi. Trong nghién ctru nay, bién diéu khién 1a
lwu lwong nude cap cho cac nut tudi lba va ca
phé va luu lugng phét dién binh quan mdi thoi
doan tinh toan.
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Hinh 3: Két qud ham muc tiéu loi ich kinh e
cdc nganh theo 3 phuong dan

Két qua tinh toan loi ich kinh té tir viéc sir
dung nudc cho 3 phuong an dugc thé hién trong
hinh 3.

Loi ich kinh t& hang nim cia ca ba phuong
an déu dat hon 3 nghin ty dong. Phuong an 1
cho gia tri cao nhét, dat hon 3,5 nghin ty dong.
Khi xem xét dén dong chay tdi thiéu ¢ ha luu
(phuong an 2) thi lgi ich thu dugc giam 60,8 ty
ddng. Con khi co xét dén diéu kién rang budc vé
dién tich tudi cho la (phuong an 3) thi lgi ich
giam 467,4 ty dong.

Loi ich tir san xuit dién co gia tri cao nhét
trong ca ba phuong 4n tinh toan, chiém khoang
trén 60% téng lgi ich. Nguoc lai, lgi ich tu tréng
laa 1a it nhét, dao dong tir 3,8 dén7,8% tong loi
ich. Loi ich tir viéc trong ca phé ¢ hai phuong
an 1 va 2 1a nhu nhau. Piéu d6 chimng t6 ca phé
1a loai cdy trong c6 hiéu qua kinh té cao, va
thuong duoc wu tién phan bd nudc trude. Chi
khi xem xét khong ché dién tich tuéi laa thi loi
ich kinh té tir ca phé bi giam dang ké (212,1 ty
ddng). Mirc giam nay nhiéu hon so véi nganh
dién (53,7 ty ddng) trong cung mdt phuong an
tinh toan. Piéu nay 1a hop 1y vi ngoai trir thiy
dién An Khé dan nuéc qua song Kone thi lugng
nude tir cac ho thity dién déu cé thé tai s dung
cho céc d6i tugng ding nudc khac.

Két qua thong ké cho ba phuong an duoc
trinh bay trong cac Bang 1 va 2. Trong d6, Bang
1 tong hop ti 1& dién tich tudi duoc cap nudc
cho timg ving, con Bang 2 tong hop cong suét
phat cta cac nha may trong hé thdng.

Bang 1: Mikc dap ing dién tich gieo trong ndng nghiép ing véi cac phwong an tinh toan (%)

s Lia Pong Xuin Lia mua Ca phé
Cay trong
PA1 | PA2 | PA3 | PAl1 | PA2 | PA3 | PAl1 | PA2 | PA3

Nam-Bic An Khé 0 0 50 0 0 50 100 100 100
Thuong IaYun 0 0 50 0 0 50 74 74 15
Ayun Pa 78 78 79 100 100 100 100 100 100
Krong Pa 0 0 50 0 0 50 100 100 100
Krong Hnang 0 0 50 0 0 50 100 100 100
Thuong Pong Cam 0 0 50 0 0 50 100 100 100
Ha luu 100 100 100 0 0 50 100 100 100
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Bang 2: Cong suit phat cia cac nit thiy dién qua cac thiang cia 3 phwong an (MW)

Kanak An Khé Krong Hnang Song Ba Ha Song Hinh Ayun Ha
PAl
Thang PA2 PA1 | PA2 | PA3 | PA1 | PA2 | PA3 | PA1 | PA2 | PA3 | PAl1 | PA2 | PA3 | PA1 | PA2 | PA3
PA3
1 13.0 872 | 743 | 65.7 | 23.2 | 23.2 | 232 | 47.7 | 50.0 | 47.6 | 69.3 | 693 | 69.3 | 0.7 | 0.7 | 0.7
2 13.0 904 | 77.5 | 68.8 | 24.6 | 269 | 23.2 | 475 | 51.1 | 46.5 | 68.6 | 68.6 | 68.6 | 0.7 | 0.7 | 0.7
3 13.0 97.7 | 848 | 749 | 124 | 124 | 148 | 36.1 | 41.0 | 37.7 | 613 | 66.6 | 626 | 0.7 | 0.7 | 0.7
4 9.4 79.7 | 66.8 | 60.4 | 142 | 12.1 | 134 | 333 | 333 | 333 | 51.1 | 487 | 513 | 0.7 | 0.7 | 0.7
5 6.5 61.5 | 48.7 | 487 | 124 | 12.1 | 12.1 | 333 | 333 | 333 [ 333 | 29.1 | 31.5 | 2.0 | 2.1 | 2.8
6 6.5 61.7 | 48.8 | 40.5 | 23.8 | 18.7 | 23.8 | 333 | 333 | 333 (229 | 243|233 | 0.7 | 0.7 | 0.7
7 6.5 61.8 | 489 | 40.7 | 15.0 | 20.5 | 149 | 333 | 333 | 333 [ 229 | 229|229 | 0.7 | 0.7 | 0.7
8 12.4 134 | 120 | 112 | 314 | 31.0 | 314 | 42.1 | 503 | 41.7 | 242 | 252 | 241 | 20 | 2.1 | 2.8
9 10.9 160 | 148 | 142 | 64.0 | 640 | 640 | 146 | 148 | 148 | 473 | 462 | 473 | 2.0 | 1.3 | 3.0
10 13.0 160 | 160 | 160 | 32.9 | 329 | 329 | 219 | 219 | 219 | 63.8 | 63.8 | 63.8 | 1.9 | 2.7 | 3.0
11 13.0 160 | 160 | 160 | 64.0 | 64.0 | 64.0 | 220 | 220 | 220 | 67.1 | 67.1 | 67.1 | 1.8 | 3.0 | 3.0
12 13.0 160 | 160 | 160 | 64.0 | 64.0 | 64.0 | 220 | 220 | 220 | 68.6 | 68.6 | 68.6 | 2.1 | 3.0 | 3.0

V6i két qua tinh toan nhu trén, néu khong co
sur khéng ché vé dién tich lba thi toan b lugng
nudc trong vung s& dugc uu ti€n cho ca phé va
thiy dién. Trong cac vung tudi thi ving Ayun
Pa va vung ha luu 1a ¢6 ti 1€ dién tich tudi dugc
dap tng 16n hon ca. Mot phan vi cac ving nay
c¢6 dién tich trong ca phé nho, luong nudc sir
dung it hon. Mau thuan sir dung nudc giira ca
phé va ltia & ving thuong Ia Yun 1a rd nhat. Khi
tang di¢én tich tudi lha (d6ng xuan va mua) tu
0% 1én 50%, dién tich tudi ca phé giam tu 74%
xubng 15%.

Khi xem xét dén dong chay t6i thiéu thi thay
dién An Khé chiu thiét hai nhiéu nhét, nguoc lai
thily dién song Ba Ha lai dugc hudng loi do
ndm & ha luu cia luu vuc song Ba. Khi xem xét
rang budc dién tich tudi thi thuy dién An Khé va

thity dién song Ba Ha déu bi anh huong do nam
& thuong luu cua cac khu tudi. Cac hd nay phai
cung cap nudc cho cac khu tudi ha luwu, lam
giam dung tich trit nudc danh cho phat di¢n.
Theo két qua tinh toan, cac thity dién khac trong
luu vuc it bi anh huong.

Téng hop két qua lugng nudc phan bd cho
timg ving duoc trinh bay trong Bang 3. Tong
lugng nudc ¢ phuong an 2 it hon phuong an 1
do yéu cau dong chay tdi thiéu lam giam luu
luong chuyén nude qua luu vye séng Kone. Con
phuong 4n 3 ¢ yéu cdu vé nude nhiéu nhit do
rang budc vé dién tich tudi lda, ma nhu ciu
nude cho mot hecta lta thi cao hon nhiéu so véi
nhu cau nuéc danh cho mot hecta ca phé. Ving
ha luu 14 ving c6 dién tich trong laa nhiéu nhat
nén lugng nudc sir dung ciing ting nhiéu nhat.

Bang 3: Tong lwong nuéc sir dung cho ba phwong 4n

. A 3
Pon vi: trieu m

Vung Phwong an 1 Phuwong an 2 Phwong an 3
Nam — Bic An Khé 1080.98 987.65 984.42
Thuong laYun 76.97 76.97 79.92
Ayun Pa 314.22 314.22 316.03
Krong Pa 5.40 5.40 33.03
Krong Hnang 149.06 149.06 182.47
Thuong Pong Cam 27.42 27.42 67.27
Ha luu 232.11 232.11 326.07
Tong 1886.16 1792.83 1989.21
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4. KET LUAN - KIEN NGHI

Bai toan quy hoach phan bd tai nguyén nudc
luu vuc song la mdt bai toan phuc tap, doi hoi
phai xem xét mot cach téng hop rat nhiéu khia
canh kinh té, xa hoi, moi truong... do vay can phai
¢6 cac cong cu mod hinh manh, c6 thé mé phong
mot cach toan dién hé théng luu vuc séng cung
v6i cac thanh phan co lién quan trong bai toan.
Ngon ngit GAMS cho kha ning tmg dung kha tt
vao viéc xdy dung mot mé hinh thuy vian kinh té
luu vuc song, voi cac diéu kién vé vat ly va kinh
té - x3 hoi cua luu vuc duoc thé hién trong cac
mdi lién hé va cac phuong trinh tinh todn ciia cac
nut. Két qua ctia mo hinh cho phép ngudi sir dung

nghién ctru vin d& phan bd st dung tai nguyén
nude mot cach tong hop, trong quy mé ca luu vuc
song dudi mot goc nhin hiéu qua vé kinh té. Mo
hinh phan bd hiéu qua tai nguyén nudc luu vuc
song Ba trén ngon ngt GAMS noi riéng va cac
mo hinh phan b tai nguyén nudc dua trén hudng
tiép can t6i uu noi chung c6 thé dugc tiép tuc mo
rong, phat trién, chi tiét hoa dé dap tmg nhu cau
tinh toan cac phuong an phan bd cu thé va toan
dién hon. Pay l1a mot hudng nghién ctu maéi va
hiéu qua, do viy nhom nghién ciru chiing t6i kién
nghi can tiép tuc di siu va phat trién cac mo hinh
t6i wru trong cac bai toan vé phan bd ngudn nudc
trong tuong lai.
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Abstracts
RESEARCH ON HYDRO-ECONOMIC MODEL APPLIED
FOR BA RIVER BASIN USING GAMS LANGUAGE

Ba river basin is one of the largest river basins in Vietnam, is currently facing with many problems
in water resources management. A hydro-economic model was developed in GAMS (General
Algebraic Modeling System)language focus on economic objective. The initial results showed the
applicability of the model to find the optimum solution of the water allocation problems. The model
should be more researched and developed in the future.

Tiwr khoa: hydro-economic model, GAMS, water allocation, optimization.
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