BAI BAO KHOA HOQC

NGHIEN CUU ANH HUONG HIEN TUQNG TRE DONG CHAY DEN
POI VOI HIEU QUA VAN HANH CUA CAC NHA MAY THUY PIEN NHO
CO COT NUOC THAP LAM VIEC TRONG BAC THANG

Nguyén Dirc Nghia'

Tém tit: Thuc té vdn hanh cdc nha mady thiy dién nhé cé ¢t mede thap lam viée trong bdc thang ghi
nhdn hién twong tré pha dong chay giita cdc cdac nha may thiy dién (NMTD). Hién twong tré pha dong
chay lam cho dong chay d@én bi chdm so véi nhu cau phdt dién cia NMTD qua dé lam giam hiéu qud
phat dién. Anh hiong cia hién tuwong nay thé hién thong qua 2 yéu t6: tang mike tiéu hao nuée do muec
nude hé chira giam va suy giam gid ban dién trung binh do khong di nude phat t6i da trong cdc thoi
diém gid bdn dién cao trong khi van phdi phdt dién vio khung gio cé gid ban dién thap. Trong nghién
civu nay, ching t6i xem xét mirc d anh hwéng cia thoi gian tré pha dong chdy doi véi doanh thu ciia
cde NMTD nhé ¢6 c¢ét nuée thap. Tir d6 mot sé khuyén nghi dwoc dé xudt trong quy hoach, thiét ké, vin
hanh cac NMTP nho co cot nuoc thdp lam viéc theo bdc thang.

Twr khéa: Thuy dién bac thang, nha may thuy dién cot nudc thép, tré pha dong chay, sudt tiéu hao nudc.

1. PAT VAN PE

Trong quy hoach thuy dién, cac NMTD
thuong duoc xay dung ndi tiép nhau theo dang
bac thang, vi du nhu trén hinh 1. Trén céc dong

song 1on, tai nhiing doan séng c6 do dbe khong

l6m, bi gidi han bi diéu kién ngap lut thi cac =
NMTD thuong c6 ¢t nudc thfip. Tai Viét Nam,
hau hét cac NMTD c6 cot nude thap 1a NMTD
nho (Nim < 30MW), van hanh theo biéu gia chi
phi tranh dugc theo cac khung gio thap diém,

Bio Lam | (30MW)
Béc Ha (90MW)
Mang An (30MW)
Bic Mé (45MW)

Bio Nhai 1 (14 MW)
Bio Nhai 2 (14.5 MW)

Nam Lic (24 MW)

Tuyén Quang (342MW)

trung binh va cao diém.

Vinh Ha (21 MW)

Trong nghién ctru nay, chiing t6i xem xét anh

hudng cua hién tugng trée dong chay dén, ma cu oL Sy i

thé 1a thoi gian tré dong chay dén so voi khung
gio cao diém doi voi mic dO suy giam hidu qua s 1 g 74 khai théc bac thang cde nha may

trong van hanh cia NMTD nhé c6 cdt nudc thiiy dién cot nueée th dp

thap. Tl‘? d6 nhitng khuyén ngh.i duoc dé Xuét.dé a) Bac thang song Danube (Knut Sierotzki, 2017);
han chéA nhiing anh hudng ti€u cuc cua hi¢n b) Bac thang song Gam: ¢) Bac thang song Chiy
tuong tren.

2. NOI DUNG NGHIEN CcUU

2.1. Pic diém cia nha may thiy dién cot
nuwéc thip

NMTPD c6t nude thap (Hy < 10m) thuong

! Trueong Pai hoc Thuy lgi
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dugc xay dung trén cac song 16n, véi luu lugng
qua nha mdy 16n, mirc tiéu hao nudc (ko — thé
tich nuge can dung dé phat dugc mot don vi
dién nang, don vi thuong dung m*/kWh) bién
dong rat 1on (co thé 1én dén 40%) tuy theo trang
thai lam viéc cia cong trinh (Nguyén Dirc
Nghia, 2017). Do do6, hi¢u qua st dung nudc cua
nha may thuy dién cot nude thap phy thudc rat
nhiéu vao ché do van hanh.

Hinh 2 thé hién dic tinh nang luong cuia nha
may thuy dién cot nuédc thdp, véi Hy=6.2m,
Quax = 250 m*/s. Khi trang thai van hanh thay doi,
suét tiéu hao nudc co thé bién doi t6i 36%: ko =
58 (m*/kWh) tai Z; =120.5 (m) va N = 5 (MW) so
voi kg = 79 (m*/kWh) tai Zyq =119.0 (m) va N =
10.3 (MW).

DAC TINH NANG LUONG CUA TRAM THUY DIEN

1205

1204

Ztl (m)

119.5+

Q (m3/s)

Hinh 2. Bdc tinh nang lwong dién hinh ciia
nha may thuy dién cét nuée thap

Bén canh do6, khi muc nudc thugng Iuu ha thép
thi cong sudt kha dung ctia cac NMTD cot nudc
thap ciing giam nhanh. Theo hinh 2, tai myc nudc
chét (MNC =119.0m), cong suat kha dung cua
NMTD chi con lai 75.3% so voi cong suat lip
may (Nin). Nhu vay, tai cac muc nudc thip
NMTD khong thé phat dwoc cong suit mong
mudn du lwong nude vé hd nhidu do d6 s& anh
huong rat 16n téi hiéu qua van hanh cua cong
trinh, dac bi¢t 1a cac NMTD c¢6 gia ban dién chénh
1€ch 16n theo cac khung gio.
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Do duoc xay dung tai cac doan song c6 do dbe
khong cao nén kha ning tao hd chira cua cong
trinh thuy dién dang nay 1a han ché do bi gi01 han
boi dién tich ngap lut. V6i dung tich hitu ich han
ché, NMTD c6t nude thép chi c6 kha nang diéu
tiét dong chay trong ngay, chu yéu trong 1-2 gio.
Do d6, v6i cac NMTD cot nudce thap co cong suét
nho (< 30MW), gia ban dién theo biéu gia chi phi
tranh duoc, cong tac van hanh s& gap rat nhiéu
kho khin. Vao mua kho, néu hd chira khong du
kha niang chuyén nudc tir cac khung gid khac sang
gio cao diém thi doanh thu cua dy 4n co thé giam
50% do chénh I¢ch gid ban dién gilta cac khung
gio 1a rat 16n, khoang 3.66 lan (hinh 2).
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Hinh 3. Gia ban dién theo cdc khung gio ngay
thwong vao mua kho cua cac NMTP nho nam
2020 (Bo Cong thuong, 2019)

2.2. Hién twgng tré pha dong chay giira cac
nha may thiy dién trén cung hé thong song

Hién tuong tré pha dong chay gilta cac
NMTP trong bic thang la két qua cia chuyén
dong khong 6n dinh trong 1ong dan ho, trong d6
lwu lugng thay doi theo khong gian va thoi gian.
H¢ phuong trinh co ban c6 dang nhu sau
(Nguyén Canh Cam, 2006):

o0 20 _
6t+6s_0 O
8 P v_z) 1w, Ohy _

6s(z+y+29 +gat+6s_0 (2)

Trong cac cong thirc trén: Q — luu luong, w —
dién tich mat cit ngang, s — toa d§ xac dinh vi tri
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mit cit, t — thoi gian, z — cao d6 muc nudc, p — ap
sudt bé mat, v — luu téc dong chay, hw — ton that
cot nudc, g — gia tde trong trudng.

Nghién ctru tp trung danh giad tdc dong cua
hién tugng tré pha dong chay do lan truyén dong
chay khéng 6n dinh (dang séng), do d6 dé don
gian ma khong 1am giam tinh cdp thiét ciia van dé
nghién ctru, tac gia gia thiét ring song trén song
va hd chira duge lan truyén nguyén ven véi tée do
lan truyén dong chay trong long dan dugc xéc

dinh nhu sau: ¢ = Mfﬂ , trong d6: ¢ — tbc d6 lan
truyén song giam ap, g — gia toc trong trudng, h —
d6 sau dong chay (Hb SiDuy, 2003).

Gia str khoang cach giita 2 NMTD ké nhau 1a
L, thoi gian cham pha dong chay s¢ 1a:

A‘[:£ 3)

c

C6 nghia 1a sau thoi gia Dt ké tir thoi diém
NMTD phia trén phat dién thi dong chdy téi
NMTD phia dudi diing véi luu lugng ban dau.

Thyc té van hanh cac bac thang NMTD ciing
ghi nhan hién tuong tuong tu. S6 liéu van hanh
thuc t& cia cac NMTD nho ¢ cot nude thip chi ra
rang c6 hién tuong tré pha dong chay giita cac bac
thang, c6 nghia 1a dong chdy sau khi ra khéi ha
lvu nha may phia trén cin méat mot khoang thoi
gian dé t6i tuyén nha may phia dudi mic du cac
hd chira ngép chan nhau.

Hinh 3 thé hién duong qua trinh van hanh dién
hinh ctia cac NMTD Bao Lam 1, Méng An, Cam
Thuy 1:

- Hinh 3a cho théy, tai cac thoi diém 9h30 va
17h00 khi NMTD Bdo Lam 1 va cac NMTD phia
trén (Bao Lac B va Bao Lam 3A) dong thoi phat
dién, sau khoang 15p thi luu luong dén tuyén
NMTD Béo Lam 1 méi bat dau ting, sau khoang
120p thi luu lugng nay méi dat dinh. Tai thoi
diém 11h30 va 20h, cic nha méay phia trén ding
phat dién thi luu lwong t6i tuyén Bao Lam 1 van
duy tri trong mgt khodng thoi gian sau do.

- Hién tugng twong tu ciing xay ra tai NMTD
Moéng An (hinh 3b). Ngoai ra chung ta con thiy
khung gio cao diém budi sang dong chay tré
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khoang 15p, cao diém budi chiéu tré 30p. Nhu
vy thoi gian tré dong chdy con phu thudc vao
luu lwong dén trude va sau thoi diém thay doi
cong suit.
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Hinh 4. Hién twong tré pha dong chdy
dén tai cac NMTD

Mau d6 - luu lwong dén (gia tri twong dbi so
v6i luu lwong 16n nhit cia NMTD; mau xanh 1a
cdy - luu lugng ha lvu; mau xanh duong - muc
nudce hd chira

a) NMTD Bao Lam 1 ngay 04/05/2021;

b) NMTD Mbng An ngay 07/05/2021;

¢) NMTD Cam Thuy 1 ngay 01/05/2020

- Dong chay dén NMTD Cam Thiy 1 (hinh 3c)
c6 dién bién khac biét so v6i 2 NMTD néu trén. O
day dong chay dén va dong chay di vé& ha lwu
tuyén cong trinh gan nhu léch pha hoan toan.
Nguyén nhan 1a do phia trén NMTD Cam Thuy 1
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la NMTD Ba Thudc 2, 1a loai NMTD duoc van
hanh trong thi truong dién canh tranh, c6 co ché
va khung gi¢ van hanh hoan toan khac biét.

2.3. Anh hwrong ciia hién twong tré pha dong
chay d6i v6i nha may thiy dién nhé, cdt nuée
thip, 1am viéc trong bic thang

Céc vi du trén hinh 3 da phan 4nh 16 qua trinh
van hanh cua NMTD khi c¢é hién tuong Iéch pha
dong chay dén va di tai tuyén cong trinh.

- Khi lvu lwong dén bi tré, dé phat dién tdi
da trong gio cao diém thi muc nudc hd chira
bi giam xudng rat nhanh. Khi muc nudc
thuong luu giam lam cho suat tiéu hao nuédc
tdng, lam giam hi¢u qua cua duy an. So bd co
thé thdy trén hinh 3a va 3b c6t nuéc phat dién
giam trung binh khoang 0.2m. Trong trudong
hop van hanh toi wvu, doanh thu van bi giam
khoang 2% (so sanh ¢t nudc giam voi cot
nudc tinh toan Hy = 9.2m). Néu cong tac van
hanh khong tét mirc suy giam doanh thu c6 thé
con 16n hon rat nhiéu.

- Trén hinh 3¢, cOt nudc giam khoang 0.5m,
tuong Uung voi 8% doanh thu. Ngoai ra, do dung
tich hitu ich han ché, nha may phai phat ngoai gio
cao diém v6i cong sudt bang 40%Ny, trong 2h,
trong khi trong gio cao diém budi chidu khong thé
phat duoc cong suat 16n nhat. Suy giam doanh thu
do han ché dung tich diéu tiét khoang 19%. Tong
muc dg suy giam doanh thu trong truong hgp nay
1€n t61 27%.

Nhu vy c6 thé thdy, hién tuong tré dong
chay hudng lon dén muc do hiéu qua cua du an,
thé hién thong qua 2 yéu té: ting muc tiéu hao
nudc va suy giam gia ban dién trung binh.
Trong quy hoach, thiét ké, van hanh cac NMTD
nho ¢o cot nude thip can xem xét k§ mirc do
anh hudng cua hién tuong 1éch pha dong chay
tai tuyén cong trinh.

2.4. Tinh toan anh hwéng cia thoi gian tré
dong chay dén ddi véi doanh thu cia NMTD
nhé c6 cdt nuwée thap

Pé danh gia anh hudng cua hién tugng tré pha
dong chay dén, chung toi thiét 1ap mo hinh van
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cia NMTD trong vao thoi doan 1 tudn ctia mua
kho (tir 9h30 thtr 2 tuin ndy dén 9h30 thir 2 tudn
ké tiép).

Gia st NMTD dang nghién ctru nam dudi
mot NMTD nhé khac, van hanh theo biéu gia
chi phi tranh dwgc. Trong tuan nghién ciru,
NMTD phia trén phat dién déu trong cac khung
gid cao diém véi cac cap luu luong phat dién
bang 30 + 90% luu lwong 16n nhit cia NMTD
nghién ctru. Dong chay dén dugc truyén nguyén
ven dén NMTD phia dudi voi giai thiét tré pha
tr 0 = 300 phat so v6i gio cao diém. M6 hinh
dong chay dén duoc mé ta nhu hinh 4, trong d6
q = Q/Qumax 12 luu lvong twong doi.
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Hinh 5. Mé hinh dong chay dén dién hinh véi
thoi gian tré 120 phiit

Ung véi cac cdp luu lwong dén khic nhau,
phuong an gbc duge chon 1 phuwong an khong cé
thoi gian tré dong chay dén so voi gid cao diém.
Doanh thu cac phuong 4n gbc 1a Byi. Véi mbi cap
lvu lwong dén, gia thiét thoi gian tré dong chay
dén so voi gio cao diém, doanh thu twong tng cua
phuong an gia thiét 1a Bjj. Doanh thu twong abi
ctia phuong an thoi gian tré so véi phuong an goc
bij = Bij/Boi.

3. Vi DU TINH TOAN MINH HQA

3.1. S6 liéu dung trong tinh toan

Vi du tinh toan dudi day &p dung cho NMTD
c6 cac thong s6 co ban nhu trong bang 1.
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Biang 1. Cac thong sb co ban

TT Thong sb Pon vi Gia tri
1 MNDBT (m) 120.50
2 MNC m 119.00
3 Vi triéu m’ 1.00
4 Nim MW 14.00
5 Hinax m 7.45
6 Hy m 6.20
7 Hunin m 5.01
8 Qumax m’/s 250.00

NMTD c6 cot nude lam viée thay ddi tuong
dbi 16n 1a 2.44m, twong dwong véi 32% cot nudc
Himax. Cac dac tinh hd chtra, qua hé ha luu nha
may va duong dac tinh van hanh cua tua bin dugc
thé hién trén hinh 5.
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Hinh 6. Cdc ddc trung co ban cua cong trinh
a) Pic trung ho chira;
b) Quan h¢ ha luu nha may;
¢) Puong dac tinh van hanh cua tuabin

3.2. Két qua tinh toan

Két qua tinh toan cho phuong an Q = 90%Qumax
dugc thé hién trong bang 2. Trong d6: t — thoi gian
tré ciia dong chay dén so véi khung gid cao diém;
B — doang thu tuﬁn; b — doanh thu tuwong déi; Z min
— myc nudc thap nhit trong hd chira.

Bang 2. Mirc do suy giam doanh thu theo
thoi gian tré voi Q = 90%Qmax

T t B (trieu b Zomin

(phit) | dong) (%) (m)
1 0 1070.3 | 100.00 | 120.50
2 30 993.5 92.82 | 119.92
3 60 910.2 85.04 | 119.29
4 74 891.3 83.27 | 119.00
5 90 838.4 78.34 | 119.00
6 120 739.4 69.08 | 119.00
7 150 688.3 6431 | 119.00
8 180 636.3 59.45 | 119.00
9 210 636.3 59.45 | 119.00
10 240 636.3 59.45 | 119.00
11 270 636.3 59.45 | 119.00
12 300 636.3 59.45 | 119.00

Bang 2 chi ra rang khi thoi gian tré ting thi
doanh thii giam. Khi thoi gian tré 16n hon 74
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phut thi toc d6 giam doanh thu ting manh vi
lac nay doanh thu bi giam do dong thoi 2
nguyén nhan: gidm doanh thu tdng muc tiéu
hao nuéc do muc nude hd chira giam va giam
doanh thu do suy gidm gid ban dién trung binh
do NMTD phai phat ngoai gio cao diém. Diéu
nay dugc thé hién rd trong hinh 6 khi so sanh
duong qua trinh van hanh trong 2 truong hop
thoi gian tré 1a 30 va 120 phut. Véi thoi gian
tré 30 phat doanh thu cia NMTPD chi bi giam
7.18% do muc nu6c ha thip (hinh 6a), trong
khi v&i thoi gian tré 120 doanh thu giam
30.92% do muc nudc ha thdp hon va NMTD
phai phat ngoai gio cao diém (hinh 6b). Khi t >

Qua trinh van hanh cda tram thiy dién
1205
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08 1203

180 phut thi doanh thu khong con suy gidm voi
mirc thip nhat con lai 13 59.45%.

Két qua tinh toan cho cac cép luu luong khac
thé hién trén hinh 7a. Sy suy giam doanh thu (theo
%) tang dan khi cép luu lugng ting. Puong phan
chia (nét @t mau do) 1a gidi han thoi thoi gian tré
t6i da tng v6i cac cap luu lwong ma NMTD
khong phai phat ngoai gid cao diém. Khi cp luu
lwong q < 35% thi hd chira c6 kha ning diéu tiét
hoan toan ung v&i moi cip thoi gian trd. Véi
thong sd ciia cong trinh trong nghién ciru nay,
duong phan chia thé hién mirc 46 suy giam doanh
thu do han ché vé kha ning diéu tiét chiém ty
trong lon.
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Hinh 7. Qua trinh van hanh cua NMTPD khi Qen = 90%Q0 nax
a) Thoti gian tre 30 phut;
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MUCSUY GIAM DOANHTHU MUTC SUY GIAM DOANH THU
100 1004
F Ee
27 ——20 2 NN\, T mmmmTTm=
s 0 - ——%0
e —a—70 g —H#—80
. o —-—70
—4—50 L L L Il &0
550 ——a0 50 * ¥ * 3
2 " % " % ——a0
g0 = -=Phin chia 0
= = Phin chia
650
0 20 B % 120 150 180 o 0 EY 80 % 120 150 180 210
Thesi gian tré (phit) Thivi gian tré (phit)
a) b)

Hinh 8. Mirc d¢ suy giam doanh thu khi xdy ra tré pha dong chay
a) Phuong an tinh todn; b) Khi MNC = 118.0m
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Két qua tinh toan & trén ciing cho thiy khi thoi
gian tré dong chay ting 1én thi hiéu ich cta du an
bi anh hudng rit 16n.

DPé khao sat mic do cai thién doanh thi khi
tang kha ning diéu tiét, ching toi tinh toan véi
phuong an MNC = 118.0m. Két qua cho thiy mirc
d6 suy giam doanh thu van con 16n (hinh 7b), chi
cai thién duoc = 10% so voi phuong an MNC =
119.0m. Nguyén nhan 13 khi gidm muc nudc
xudng sdu thém thi mic d6 ting suit tiéu hao
nudc ting nhanh nén du c6 kha ning diéu tiét ting
manh (hon 150%) nhung mtc do cai thién khong
nhiéu. Pay 1a diém can luu y khi quy hoach, thiét
ké va van hanh NMTD c6 cot nude thép trong bac
thang, tirc 1a can can ddi gitra murc tiéu hao nudc
va kha ning diéu tiét.

4. KET LUAN VA KIEN NGHI

Tir két qua nghién ctru c6 thé thay:

- Thoi gian tr& pha dong chay dén co anh
huong rat 16n t6i hiéu qua phat dién cua cac
NMTD nhé c¢6 c¢ot nuwde thip. Khi ting kha ning
diédu tiét bang phuong an ha MNC thi dong thoi
lam tdng murc ti€u hao nudc nén hi€u qua khong
thuce su 16n.

- Trong quy hoach cac bac thang thuy dién
can chu v dén thoi gian tré dong chay gitra cac
NMTD va dic diém van hanh cia cac NMTD.
Han ché bd tri cac NMTD c6 dic diém qua khac
nhau (coéng suit chénh léch 16n, loai hinh diéu

TAI LIEU THAM KHAO

tiét khac biét, phuong thirc van hanh khac nhau
nhiéu) canh nhau.

- Céc nha méay c6 dic diém tuong dong can
duogc bd tri gan nhau dam bao thoi gian tré dong
chay khong qua 16n. Véi cac NMTD nho, cdot
nudce thip kién nghi thoi gian tr& nho hon 60 phut.
Khi bét budc thoi gian tré dong chay 16n thi can
xem x¢ét quy dinh cdc khung gio cac nhau cho
timg NMTPD dé nang cao hiéu qua hoat dong cho
ban than cac NMTD ciing nhu toan hé thdng.

- Trong thiét ké cac NMTPD nho cot nude thap
can toi vu MNC va cac thong s6 khac cia NMTD
trén co s& c6 xét dén thoi gian tré cua dong chay
tir bac thang phia trén.

- Phuong 4n van hanh béac thang nha may
thuy dién can dugc xem xét trong bai toan van
hanh lién hd chta trong d6 co ké dén thoi gian
tré dong chay dén gitta cac NMTD. Trong
truong hop chua thé tinh toan lién hd chira, voi
thoi gian tré nho, co thé thuc hién phuong an
van hanh don gian nhu két qua tinh toan trong
hinh 6a: trong khung gid cao diém luu lugng
phat dién cuia NMTD ting dan dén khi muyc
nude hd chira dat cuc tri thi lwu luong giam dan
dé dua muc nude vé muc nuée dy kién. Ngoai
ra, vi cac NMTD c¢6 chu dau tir khac nhau, co
quan quan ly can co phuong an diéu phéi dé hai
hoa loi ich gitra cac bén nham dat muc tiéu st
dung c6 hiéu qua nhat tai nguyén nudc.
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Abstract:
STUDY ON INFLUENCES OF RUNOFF DELAY PHENOMENON ON
OPERATION EFFICIENCY OF LOW- HEAD SMALL HYDROPOWER STATIONS
IN CASCADE HYDROPOWER SYSTEM

Operating low — head small hydropower stations in cascade hydropower system has recorded a
phenomenon of runoff delay among these stations. This phenomenon is the runoff comes to the lower
stations of the system unpunctually to generate power as requirement; therefore, it decreases power
generation effect of plants. Two factors reflect influences of this phenomenon: increasing water
consumption rate due to decreasing water level in reservoir and decreasing electricity average price
due to generation on low electricity price time. In this study, we study influences of the runoff delay time
on the income of these stations. Hence, some recommendations are proposed in the planning, design,
and operation of low — head small hydropower stations in cascade hydropower system.

Keywords: Cascade hydropower system, Low - head small hydropower station, Runoff delay time,

Water consumption rate.
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