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Fig. 1 The bi-level optimizing model architecture

R ARBIEZE AT H (51979114) 52002 4F 8 55 22 A 8 4 22 Bl o L WRHIF 9 B 30 H (20020183061)
TR (1984-) , 2 A o R TRV L A 5 0 1] Ry K L 0 32 47 R 4 » E-mail : peng_jingping@ctg. com. cn
LR (1980-) , &, W 42 2, W58 5 ) SRk B RB IR R G247 B 71 113 . E-mail: moli@hust. edu. cn



41 B 4 M

S A T O 2 7 A A K XUZ AR + 103 -

JERR TR SR i A RS B A 2 AT A A

ToHITE,
21 FE#ER

I BRI R AL G 0 KRR Sl K R O R AR R, X
IR HL S R AR R AT A B R
(D HFrea %, DR RN HAR, HH R
B R
maxE:maXZKQ,H,At [@D)

XL E KB s W & B B i K NgGEA 1
NEB:Q, N/KHUEHTE ¢ WA H, K
HLE Y BE ¢ 19 R MKk s Ar BB BO R T
Shy VR BE 31 R B R
(DOAREM., BEHKE VLR ERY
WKLY R A L B AR B AR TR
IR AT e S EA Y WS & - S P
Vo=V, +U,—Q, —S)At (2)
Kb, VooV, 430 K Bl i B e ) R R
I, AKH AT B e APEWL I S, Nk sl i B ¢

FOKW R,

PEASRON
ViV, v 3
A VIV Sk K R B ¢ S VR P
BN R
HKABLLHN
m <z, < 4)
Ko 20 20 SRR K ¢ W B AR R K
(i F 1L
R HON
QU <Q =Q™ (5)

KA, Q™ .Qr™ Al K M AE ¢ BB iR &
IR N NI
IS HPIEST R
N <IN, < N™ (6)
A, NN S5 KR v FE ¢ B BE VR Y
IR ERR,

W AR AR R LAy -
Z, =27 (7
Zy =7 (8

A, 2 2 G0 A K VA A B AR OK AL
JE AR (D ~ (&) iy AE 4 kB
22 TEEHR
TRBRILL R W 22 AE /N B R, T
BRI AFGEATF, VA B R B AS B A A 45 3R
A K S 5 R T g AT SR H AR eR
BEARFMFMT .

(D BAReRELCH

,
minAE’ =min ), (KQ,H,At —E. )" (9)
t=1

AE, =KQ,H, At — E, (10)

a, =AE,/E., an

A, Eo, KB ZITRY ¢ W BS 2L 5 AE,
oK HL k¢ B 25 LA s, R e B 25 3R

(AR
al <La, <al™ 12
@l o™ 430 £ AR X T 37 E Y D
ZERETR.

3 HEBIKAE

TE R B P A 5 SR i DU AL,
31 MEH#REEME

A 8 & B (Harmony Search Algorithm)
B a kA R A R AR 22 5 AR
RO 3 R A A AL 3 e S DL A T 2 Y D P
SRS A Bk a) R B AR . AR AR
[F) A, 5 A28 R X T AR A S T AR i A HRU(E Y L
AT DU Ay S 23 104 8 1 90 R 3 o R A AR R (E,
SRAR Ak T 51 1) e 1 i
32 MEHRELISRE

AR R E AL RE .

W AR SE PRk ] AR S B A 1
ASHNT . O&dCER) DN N; QK RN
B RS GRAED Y5 s @ FI A 1842 PR R/ H s »
RIECHE P (BRI /N @ F0 RS 10 12 B (B A %
H pvicr » ANTCAZ I H BE ML HY — 4> 0 722 5 1 A%
2, BN ESCHE B Rk b 4R S — Bl R ©
FIMIEER P (PAR) KM 9 Few. 00
PRI 1 AR B A 2 5 i R © SR R A AR TR R
T e » B35 AR B0 B K AE, A5 £ AR BN T
T e WA 252 000 7 5 05 DUV 45 SR U 2

W2 WA R A ICICEE . LA R
FAR R AR T B AL AE B H s RIS H8 BT
GRTSRVA LS I

) X | F(XD
| F(X*)

L

117 Jj
(13)
ol M s oyt
]3I RS, Lo, 1 E) 4 B
BLEL ry o 0 <<H pvier > WA IE A2 PR o BB BIL 42 X
HE BT A TR 5 75 U7 Pk R A s () P B BILAE B



. 104 Koo g

2023 4F

FEH AT Ok F G R, W PR [0, 1] X (]
P AE OB B BE AL 7, . %5, <<P (PARD , W AR 4
TR 58 F o PEAT IO

SBA EPCICE, PEAGBAS &, A T
A B PG T d5e 22 TS, DR 3, 5 D, £ 45 St T s
TR VALR I

SEE KA BB R Lk &0, A ERRK
BUNT T o WEEZ LT 3 4. HEERE T,

4 LHIFAR

L=k ish = 5 Wt a s hiism L5 h
1 TS I O —AF  $ R R 20 36 I B, i
JEIW] R B E A 174 m, LA [6] B4R A
VEAR T B A L 25 2 B8 R 22 19 UK H
XUZACAAE Y, SRy 7K 0t 52 5 T S8 1l /2 B 5 R
TEWoKHEW S 5ER XL 5L M.l T8 KX
BT G AN IR AR R L 85 4 X 52 5 9 e B 2 75
T T 37 R 3 ME DLAR B O 7 5
4.1 =gk EBELHER

SR AL T LA B AT R TR IR
SR R R K M TR R R Y L R A R A
BCHL TR B B AL, AR T Ay 882 X
10°kW « h, =K HL vl 4 A4 L D aR TR 9T 7 U1
PO AT PRAFE 2 A48 17, AR AR [ 281 3k A 26 v L 4]
TR ki HL o AR B R 2 O 4R R R Y
17% . =R ol FEAFMESHOLER 1.

®1 ZERKBHETFEFIESH
Tab. 1 Main characteristic parameters of Three
Gorges Hydropower Station
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Tab.2 Generation process for each decade for Three Gorges
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Fig. 2 Generation and end-of-decade water level process
for each decade of different typical years

Hydropower Station of different typical years 10°kW + h
B RERG KA A KAR IR AR FAKAE FREEKAE
/A kR R H, K H K R

1 19. 89 14.12 18. 49 15.75 19.63
2 15.43 17.91 23.68 17. 47 16. 81
3 14.79 19. 28 25.58 21.61 17.12
4 13. 80 14.18 18. 36 16.62 15. 87
5 14.75 13.70 16. 21 15.53 14. 83
6 12.75 10. 45 12.58 11. 21 13.93
7 13.01 14.75 14,77 14. 38 16. 40
8 14.76 13.08 13. 65 13.55 14. 46
9 16. 32 13.50 18.67 18.71 24,57
10 15.19 13. 26 18.21 19. 50 17.56
11 13.77 14. 37 21.16 21.92 16. 39
12 13.57 13.07 20. 40 20.73 21.55
13 12.19 13.49 20.73 24, 64 17. 65
14 14. 24 18. 40 24,78 21.55 16. 16
15 31.06 23.04 20,48 38. 24 19. 45
16 18. 30 20.77 18. 88 25.51 28.01
17 21. 86 27.07 22.68 26.55 37.15
18 26. 38 27.43 26.56 41. 37 51.92
19 26. 87 46. 02 39.92 54. 00 54.00
20 42. 83 52.17 50. 12 54.00 53.83
21 39. 94 59. 40 50. 85 59.13 59. 40
22 31.29 54. 00 30. 47 54.00 54.00
23 22.68 54. 00 34. 46 54.00 54.00
24 17.19 45. 80 55.49 53.42 59.09
25 18. 36 33.68 54.00 39. 27 48.19
26 25.71 41.95 53.93 41.93 51.48
27 23.98 35. 68 52. 36 50. 31 53.53
28 23.66 20. 62 48.76 51.22 54.00
29 26.99 21.50 43.18 40. 68 50.47
30 29. 06 24,37 40. 97 37. 24 44,13
31 26. 25 17.05 24,57 26. 24 30. 47
32 11.76 19. 47 23.75 24,27 24,03
33 11.76 14. 17 25.91 18. 23 16. 88
34 11.76 11.76 16. 66 14. 26 16. 76
35 11.76 11.76 17.06 16. 59 18. 55
36 12. 94 12.94 12.94 19. 56 21.74
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Tab.3 Medium and long-term trading plans for Three
Gorges Hydropower Station of typical years

T Tk kA A FERAE

R~ e e 7 7

/4 % % % % %
s it i it s it i it s ft

1 3.27  3.56 2,47 —2.64 3.15 —2.16 2.66 0.67 3.26 2.51
2 2.65 —1.19  2.98 2.07 3.90 4.67 2.98 —0.26 2.83 0.99
3 2.58 —2.63  3.16 3.64 4.49 —1.36 3.66 0.24 2.87 1.37
4 2,32 104  2.38 .22 3.21 —1.08 2.8 —0.41 2,67 1.07
5 2,54 —124 231 0.92 279 —0.05 2.65 —0.24 251 0.24
6 2.07 463  1.79 —0.83 2.02 3.81 1.84  3.38  2.36 0.47
7 2.21 —0.05 2.53 —0.8 2.42 2.88 2.41  1.58  2.81 —0.90
8 2.4 2,95 219 1.66  2.27 0.45 2.32 —0.51  2.45 0.26
9 2.81 —1.30 2.36 —2.72 314 —0.60 3.23 —L60 412 1.38
10 253 216 229 —172 3.07 —0.38 3.28 0.93 2.99—0.21
11 231 147 2.4 0.23 3.67 —2.45 3.60 3.47 275 1.40
12 2.23 3.45 216 2.78 3.49 —2.65 3.61 —2.27 3.58 2.37
13 210 =119  2.24 2.40 3.33 3.81 4.05 3.44 2,91 3.06
14 245 —113 313 0.0l 4.05 2,25 3.52 423 274 0.20
15 5.29 —0.24 3.83 2,30 3.48 —1.26 6.42 126 3.3 —1.10
16 3.01 321 3.50 0.99 3.08 2,31 4.26 172 472 0.89
17 3.80 —2.32 1,57 0.78 3.76 0.42 440 2,59  6.38 —0.94
18 459 —2.19  4.49 3.82 4.67 —1.44 6.80 3.39 892 —1.08
19 448 192 .72 .33 6.71 —0.69 9.11 0.71  9.18 0.00
20 712 2,28 893 —0.65 8.44 0.47 9.18  0.00  9.15 0.00
21 6.76  0.39 10.10 0.00 8.59 2.12 10.05  0.00 10.10 0.00
22 5.29  0.45  9.18 0.00 5.00 2.01 9.18 0.00 9.18 0.00
23 3,77 224 9.18 0.00 5.87 —2.20 9.18 0.00 9.18 0.00
242,97 —1.60 7.8 —0.50 9.31 —0.26 9.08 0.00 10.05 0.00
25 3.14 —0.76 590 —2.99 9.18 0.00 6.68 0.00 819 0.00
26 4.39 —0.38 T.12 0.17  9.17 0.13 7.13  0.00 875 0.00
27 409 —0.24  5.96 1.80 8.83 —0.13 8.55 0.00 9.10 0.00
28 407 —1.10 3.61 —2.94 8.21 —0.47 871 0.00 9.18 0.00
29 445 318 373 —2.11 7.33 0.05 6.92 0.00 858 0.00
30 4.8 1.8 400 3.49 7.0 —1.37 6.33 0.00 7.50 0.00
31 442 0.87  2.80 3.71 4.02 1.88 4.46  0.00 5.18 0.00
322,00 0.02 3.28 0.85 4.04 L51 413 0.00 409 0.00
33 2.00 0.00 2.32 3.81 4.57 —1.95 3.10 0.00 2.87 0.00
342,00 0.00 2.00 0.00 2.92 —2.40 2.42 0.00 2.8 0.00
352,00 0.00 2.00 0.00 2.94 —2.48 2.82 0.00 3.15 0.00
36 220 0.00 2.20 0.00 2.20 0.00 3.32  0.05 370 0.00
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Fig.3 Medium and long-term trading deviations
analysis of different typical years
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A Bi-level Optimiztion Model for Hydropower Plants Based on Deviation Assessment
PENG Jing-ping' ,ZHANG Chao' ,LIU Yi-xuan®**,YANG Xu'?,HE Xing-yao' ,MO Li**"*
(1. China Yangtze Power Co. » Ltd. . Yichang 443002, China; 2a. School of Civil and Hydraulic Engineering;
2b. Hubei Key Laboratory of Digital Valley Science and Technology; 2c. Institute of Water Resources and
Hydropower, Huazhong University of Science and Technology, Wuhan 430074, China; 3. Hubei Key
Laboratory of Intelligent Yangtze River and Hydropower Science, Yichang 443002 ,China)

Abstract: Currently, the electricity market is undergoing a new round of reform, and deviation assessment mecha-
nisms have been introduced in various places to promote fair competition. In the face of the new market rules, the tradi-
tional dispatching model with maximum generation cannot be applied, and hydropower companies need to take market
factors into account to control deviations. In order to save hydropower companies from paying costs, a study was conduc-
ted on the deviation control rules, and a bi-level optimization model with the objective of maximizing generation capacity
and minimizing deviation was established to facilitate trading decisions. Taking the Three Gorges hydropower plant and
Hubei province electricity market as examples, the Harmonic Search algorithm was used for analysis. The results show
that the deviation rate in each interval is within the deviation control range, and the hydropower plant is exempt from de-
viation control. Thus, the bi-level optimization model mentioned above is feasible.

Key words: eclectricity market; deviation assessment; bi-level model; optimal dispatch
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Experimental Study on Compressive Strength of Full Aeolian Sand Concrete
PENG Ao, CHEN Guo-xin®, SHI Yang-guang''", LIU De-jun’

(la. College of Water Conservancy and Civil Engineering; 1b. Xinjiang Key Laboratory of Water
Conservancy Project Safety and Water Disaster Prevention, Xinjiang Agricultural University, Urumqi 830052, China;
2. School of Architectural Engineering, Jiaxing University, Jiaxing 314001, China)

Abstract: In order to explore the influence of water-binder ratio, fly ash, slag powder content and age on the com-
pressive strength of full aeolian sand concrete, the compressive strength test of full aeolian sand concrete was carried out.
The microscopic characterization of its physical composition was implemented in combination with XRD results. The
compressive strength prediction model of full aeolian sand concrete was established by multiple linear regression. The re-
sults show that the compressive strength of full aeolian sand concrete increases first and then decreases with the increase
of water-binder ratio. When the water-binder ratio is 0. 4, the compressive strength is the largest. The growth effect of
fly ash on compressive strength of aeolian sand concrete is not as significant as that of slag powder. The incorporation of
{ly ash and slag powder is easier to convert AFt into AFm. The established compressive strength prediction model has
high accuracy and is suitable for sand concrete. The research results can provide theoretical basis and technical support for
the engineering application of full aeolian sand concrete.

Key words: full aeolian sand concrete; auxiliary cementitious materials; compressive strength; strength prediction

model





