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Discussion on establishing and perfectlng the whole-process supervision system for ecological flow in
small hydropower stations//XU Chengbo, CHEN Huatang

Abstract: Small hydropower is an internationally recognized clean and renewable energy source.
Currently, China has built over 41,000 rural small hydropower stations. These stations have long
played a positive role in ensuring electricity supply for rural production and daily life, protecting
forest resources, securing emergency power supply, promoting regional economic development,
and contributing to the achievement of the carbon peaking and carbon neutrality goals. In some
regions, due to irregularities in the construction, development, and supervision of small hydropower
stations, water-retaining structures have led to non-compliance in ecological flow releases, adversely
affecting river ecosystems. Strengthening the supervision of ecological flow in small hydropower
stations and promoting the implementation of ecological flow releases are crucial for improving river
ecological environments. This paper analyzes the current status of ecological flow supervision in small
hydropower stations and identifies deficiencies in ecological flow release, including the need for further
standardization in ecological flow calculation and release design, the necessity to enhance ecological
flow monitoring and supervision, and the urgent requirement to establish a comprehensive supervision
and evaluation mechanism. Problem-oriented strategies are proposed, such as enhancing policy and
technical guidance for ecological flow supervision, standardizing ecological flow calculation and release

design, perfecting real-time monitoring systems, and establishing a long-term incentive mechanism for
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performance evaluation, to provide references for more effective ecological flow supervision in small

hydropower stations.

Keywords: small hydropower; ecological flow; whole-process supervision; supervision and performance

evaluation mechanism
hESES. TV742+X143  CHEEERIRFD: B
DOI:10.3969/i.issn.1000—-1123.2025.11.008

H AT E O AR VK s 4.1 1 2, Bt
HLA R 8100 2 J7 kW, 4F & HL /1 2300 Z4Z kW +h, #)
AEVKH R 19%. /KR E BRI 3 s AT
A REIR, 2248 R AR PR B A 2B 77 A 16 T | L OR3P 2R
ARBEUR | DR 2l | AR XS 28 5 e L Bl 07 S
R B AR T T RE T RWAER . H T A A
A SR R URER , 5553 1 X /N K B AT BE T &, 7K L3y
RS EAIL /Bl Wl N BRI D R R TR SRS 7 S ke
HEARFIFE I o R B T I, 2 1E 3 43 b X /N K
TR AEAE R AR S PR R, 3R 3 2018 4FHF IR SE /5
TR T RILZ T | B I dak A LAt b X /N 7K F 3 2
R TAE . A ST MBS IA AR 3843/ N K F il 1
AR IRBE )Y 32 2 D, A A i A R /N K
TH P DR GBS, oA R W Yol it 2 A (R 1 2
A P A

—VKBHESREREEESHERIR

ZINTK R Bl A 2 R A T R K R TR () B A
IS ) T U B H AR A S K A ZOR A9 IR
AT R e /KL AR A R A L A AR T
FIRZE | WMt el i SRl | i i 7 s %
B — RPN

LIRIRERTT, BILIVKEBISETR
HENEEYE

2019 A KA F 22 7] A2 A PR BERREN A T € ST s
AT BT /K FL sl AR 20 i A A Jd 0 ), M )2
TS Bl /7K e 3 AR 20 B A A, SR X /N K R
AR AIZE | AW B WSO A 5 | ARSI
RS I | AR SR ORI B | A SRR A B
B AR W UL AR T EOR . RO E
K 7 /K Lt A 2 i A B BRI S L), X
A2 M DN B B A A e L A B RSt
SRR ECR

L AT 4 AT A 28 O o SR A9 3.2 7 JAE /N K L
il L A R 5 A 25 U0 56 I 25 o i T

=l
/}Itbi.dﬂ%é

kN

EHE1000-1123(2025)11-0059-06

il R A 00 A2 R, % /0N KRl A A O ) A
b, O 3 56 4 [ A A A 25 I e T R 1 /K L
26 4 A A L RO A AT S5 8 b O 25 Ak
BRGNS RS R E ST &, 2 E/N K5
FE AL 99% L L, Hovh [ 3% B0 0 s 3
TIARVE , 29 5 A 94% , RESERT I A& AR 25 0 5 di
T T A N R R D S N5 o 0 2 B 6 o F N (= <
T B E SIS 23 M BN KR AR
i W T SR G2 T /N K HR Sk A 2SR
SRR A

2. 8B /INVKBISET
MEFEL

HAr&4 (HIRX . HEET ) ¥ /oK i s A 25
T Y T 0 40 A b e T A ) R e T A K DR A
PR E 2 R N 2 4 /N K H i A A5 A T4
TN A B R ™ A K IR B E B N . Ak
AR R (8 0 2 LR T A SO B R
IMEBIE I & T /N K H sl A A 3 i WA S, IRt
SETH SN B BAZALE], B E S A S R R R
B

2 M BUARZ , 3543 1 [X i) R B30 5 3 il /N 7K R iy
W EFES AR E. B, T REHRE TENE R
WA A R RIMEE 1) 22 S AR LA ORIk L B
M 5 A RS DU, SR IBCARSS & 0 i
it , % A A I BGE PR 3R AE 90% LA F /K L
o b R AN AR S SE A 14255 0.015 58/ (kW +h ) X2
ARG RR AN JE 80% 1 /INK H il L 1 R HL iy
FE SRR T AL 0.015 0/ (kW -h ), @4 T8 T £
Xof A 285 T M O A I i T2 Ll D 4% £ 5
SRR, HEAT /N K L A A O I A AR B ST
ERIRE L R RS ST IR =Ty
M55 A5

3. FARAVKBISETRETLENIBE, 8T
RBIIVKBISESRERE

B R4S s AL /N K L AR S A, T

RELBER, HHES

=

Y3



)\ &ST= 14

/KL A 2SR WP S AR, ORI T 2023 45
THGRAH LT R A/ K f il A= 5 AR L B LAt A
BERLAh A = B R AR5 1T - AR AR A M SR
T 5 A 285 I o S e I Sl R 7R S8, R T R R AT
Tl R, A 25 e A A R P B A (L3R 1),

AR s, B /DN KRRl AR 2R A A W
SR AL, /N KR AR 2SO B IR R RN S8 R R B B
=Tt

L KBEESREREPFENEE R
=N

AT /NI R 3l A A e M A IS T W Ak, X
PRI A 25 A | KA T e P | SR T A 2 A
Bk T EEAE M i TR R A, if AL
TEAW R M2 B R e, 76 A R 77—
BB 15 A P )AL

L ESREUTERE BRI FH—TAE

(1) /KRB ERRETTERES A MREFER S

AW TR R, BT 787075 &I 5L
T B AR S U, BE AT /N B AR S i R
6] TAE S B AE OL o XS AS [] i Be AR 25 0 B 5
SRZEF A UL a3, A0S AR L vk R SR vk
VRIDT . ZE A PR AT KIS e K 4 . A A
AN — | B ARIEAT R R R O i L KL
HKEAEAR R RIE A

(2)EEREBM R ITREABRFZEE

HI TR I3 /N K il B AR5 S & T TR A
A R, R 2 A A TR Al e mk
o il T LR, B Z AR RS ARifE, 3
/N Rl A 2 e Y B B BN 5 B, SR
A TRRNRENE Lt Wb St s %
Ve 2 W T B We 32 7K 2R 7R A ] 24 T AS BE AR P A 25
Uit I LA

(3) EXmEit A ERRTE

TR HIX BRI G T /K L AR S T AR O

2025.11 HEKF

0 TS BRBR A T A IR T o % T ELBE
oK B 45 25 A P I R /N AK s 0 6 A2
fl PRk R SR S 9 800 5 2 250
BRI, WA ST H A FEOF (G
BB SRR A FF L T
2 £ UM SR BILEANE
(1) £ AHEIIS KR

D 5 Ui W 8 R A 30 843/ K s A
A ARG 138 W B0 Kk
SRt % H K CH XU S s e b )
A, R A (L A TSR R
U BB A B SR B R AL TR R
P BRI A 24, A 5 0 B 1 52
S L B AT AL ME L RO R R %
Ko @V BRI o — S YL IS B % 6
ER AT, BT HEBL B 2500 RO L 4
F BB Y5 6 e 2 LS R B BB 50
AL

(2) YIS R R T B 2 SR U K

D25 LM RS 17 5 4 0 P A P 1
AL PRI, 4 HUXT ORI | R AL R
Gi— . QUL SR . RN L T
ORVIRFLI X, 4 B 0 155 F 4 A7 T2 i R £
A RO RSSO, KA
WA A BRI RIS P . /N 3
AT £ DM A7 B R, 0 R ot T3 £ o AR A
R S T £ MM AL B2 RO RO . @— /1
2K o T £ DR i 1 30 AL, EAT 1A
AR,

(3) &S HBBET AT — 55

AR DA 5 B £ P S R 52 3%
U 25 0 3 AR (28 S b5
AT A8 0B 7K A f R 20 B
VENRY e e RS

PN
[=]
5

=55

LEER

R1 VKBEESREELBIHERR

IHELER BB () IMES LA (2 ) HUEREE(%)
2023 ¥ 13 1137 73.4 68.5
2023 E ¥4 23 1581 77.2 80.4
2024 F LA F 23 3487 89.4 92.3
2024 FE T 23 3501 97 96.5

¢1




KSR

CHINA WATER RESOURCES  2025.11

3. &SR E REEUNFIBRGRESE

(N ESREREERIRER T —

PSR B AT M B LR bR ik = G — AR, 4%
WoZE FBOR . W TR W M (A % 4%, AR 5
A EIAE, ARE 55 R RN LA i R
AT S 3 XA T SR AR EAN A o 3 T AR
RIS RENE (BUIHOESEE ) 1951, 25 U RLE B
AL

(2)EFREBRELBRENH EAREL

LRI /NI FEL 3 A 25 9 it et 0 B 0 5t 2 %
AT, TR L TR S OB, SRR 3 Ml X AR A
S R it A AT 24 B T B Hh /N K L L R
— L0 F U RS I EE TR THE, 5T
A S A I B A T E A, SR A A 0 A T
ERES e

(3) & & it BAM= BB AL 1) K i 2 51

F T A 2O 21 K F o R KRR AR, R
TR AN /K LR AN E B RSEE I, X A 23
A SCHRANEINL, I 28T il A A ek

S NBEIRENMNKBEESREETRE
BEERNEK

AL A/ VK A S T el R A R R, B2
JUIEL /DK R PR ROBUR A5 22, TR RS R R U A
SRR E R gt — R AN SR /N K Lk A
SV, WS AR E AR, SRR

LEEMERTT, M05EX/VKBIETRE i
ENBERES I AES

(1MHEESRELIREERSER

TE R TR R LB /N K el A 25 A
FRTE ) F BRSO RS L, A ARSI R T R
AR, HE— 2D W /K R ol AR 2 A AR O
FRIITHE S L, WA AR S0 TSR | st
e R B2 e 0 R B A% A A R A
SR, 4R b A N A 2 U YRl AL o A 2 % £ R AL
], Shy A 2 TR M SRt 3 A 4 R A 2 A O
JlR A AT RS A 25 B IR

(2)FARBENKBIHETRELRERARIRE

NI 3t A 28 i M B AR N A A /N A HL
AT RSO B Bt T R B | S
W R GBI T S as AT 4Edr | -7 & Bt s
SFHARER,

'Y o2

2. MBAVKBIsESRETTREAMBURT

(1) BB/ NKBEESREITE

I IR TR 371N 7K Fe 3l A 25 3 2 AE KR ZK B T
AW 5 T ) (SL/T 820—2023)
WA Z BT, MRS AN AR SR E R, i HAR %
AINTK R 3l B AT B M KT 2 AT S AR Y 109% 15K
AT, XA | A SRS R R B IR,
A 25T o o7 PR T DA L K R KA R AR, A
BRAN [ B 300 0 3t e el R, 5 B4 ORI A o o HL
TR, 028 00 45 R ) 95 BT A% IR A B ik s 14
oM RO T

(2)REHIEESRERBMAERR

HT AR/ INK LA E T A 2 I T A o
Az AR UL MO B T 58, RS A AR T A 1 I L R
M BEANTE o /K HL 1Y 2 R RO AR S i O
F2) (SL/T 819—2023 ) 2% 3 Fi il A= 25 it 2 b JlC o) B2
S0 M SRR R IO IR O BT J K R YR G — R At
PSSR HE, TEHR e IR £ Jm R T K ATEE
S oE VMR A A RS Bt L HK L R i
SR FR o AT H B R AR R K A5, A B
e K TOKAL, B S Btk BAR | e A
VAREATIUR | it ) 55 . A 25 0 MO Ty 58 Hh i
B G I A R I 00 S R L RS AR

(3) R A SR E M AL e

A3/ K HL 3 DA N K PR K 3R KR R
A TRIRAA LI TR A A o it , A 7S it
OB 5 AR A TR SR AE b e e . A A
SRR T N S R CORRDK L TR AR A o O
ORI EIE ) (SL/T 820—2023), 45 47K F T
TRV A S RLTE o A 25 U b e 182 it 17 45 & B4R T
FERE S, N TR A B M A5 1F  is AT B, AR e
B AR B R A T T 25 A e A o AR A I o T i
Jiti o7 £ 51 2% RS R B R TRR K | BIK SR =S, 1
VA 2 U o T e AR N R IE AR AR 4, PR b
il B R L I ) TR A A | I3 B I3
LTINS 2 RE A SR - L9 0| AL
B A 285 I e T Ot 2 5 A o, 6 A B A
ARSI ARIL IS

3. EEJVKBIFESREX N BN ARZHRE

HOR45iaiJ
(1) FEMENKBIESREEN RLE

Z I8 KK i TR AR 2 e 355 49 s it AL



)\ &ST= 14

i) (SL/T 820—2023) { 7K JE A= 45 Ji &t I e 0 72 )
( SL/T 819—2023) %h5 i, A4l /MK L3k 5| 7K O =X
A FRA B /N K HL S A S I S B S
A 25 T £ T ST D T SRR o AR S R A A
7K | A I K S K R F R K (B X
I =l T A R Sty ) A M I B A, R
BT A A I A

(2)MFEFESTERNAR, RESBNEE

DI AN VAN 6 8N = A L AVAS 3 o 5 9 )
TEAY | 22 | 4T A N AR AR DG H AR AR, B ORI ok
JEFFAEER . T 52 5 AR A T BRAS 2225 i 2 W ) 5%
Jitl, L 22 2B AT W A 1R A /N K L, A ZB0 A A A
R R T T w1 o

(B)EELESREMNBENEMEEFEE

R A K H TR A 25 3 o S e T R R R
) (NB/T 10385—2020) 454 AR bR v 5¢ 3 /N K H 3y
A 25U T T O % A A I R O A 4
K AEEE R ARG bR IR T | 8 0 1A e
HC Sk R A P A I AT R DG AR AR, AR /K
P, 35 A i S 19 AR A S B S 1 {5
U8, Kot THGE AR W45, B Ok DU b 5 o0 i A 1
W, SCHEUE R AR AR AR AL AF R AR D RE .
HE/NK HL AR AT R AR AL WA O B iR, IR
A AU B SR R AR AR | AR AR SEI AR
AU ST | R B AL AR, SRR
G RGN H AW, Gt s s B
FUIfe. T BRSO I AT T A& R e R
FR, B 372 A5 I R S A, B R
RFERAE

(4)REBEASRELRNEHSITHENZE

A 2SR WD — SR A, R X A S
DL et W it (R ) 38 AT R A /N K H sl 3 R
BT, BT /INK R 3 A AR AL, SUBR D B B
Pk, GO R4 32 H AR S PR IR A 2
S Ao PR A i {5 2 AR R 2R /N K L L 2 R R
R ZEUE A, HEA5 b 2 HE L 0 22 9% T AR A o
Wit A THE

4 FBYL/IVKBISETR E BRI BN Hl

(1) B /NKBISESREREEZZIE

0 Hi DXLt £ /N KRR Sl A 2 O A A A IR 3
A, A T R b o) A 2 o A R W S i e TR
FE o AU M — L IR AR S T S AR bR B A

2025.11 HEKF

BRI BRI B AR

(2) EFRZ/NK B I A S & AU B AL

TE AT /7K R 3t A 285 O A FEL B3 2 T Y
Fent b, BT B B A S ORI A 1 22 5 A F A B
AR AT BE o ke K e L R R 2R 2SR
M R DU B, SR AR 5 i NS Rl /N ok
PR it L T R AR A, R AR 2 R TR 1 /K
L b = A PR A 28 U I T 92 1) e RLAC X
PR ZS U O SRR BN AR 33 BE, AT A 57 A A
U PR L

M. 4 &

AN SR [ B 23 TA R 3 3 AT AR RE R, 7R ol
BA L N2 e 2 i X B2 0 R L Bl 7 S
" H ARSI A4 AR AR, /K R
ARSI AZ B, BRI X T R T
27 YR T G, ORI A AR IR 4 n)
FFE S Ir) 8 ] gt A A U e O B T D 3o 5 Ak /N K
Ul A AU A R A A R T R AR A ML R SR
DL B 23 IUAS 0 28 55 J AR g s Yol i A 2 A e ()
IRF 24 /N HL 3t (9 1E 244 2% . 8
S 3Tk -

[1] #8477 K T RA 7 & 7= A 690k 4 & 5 % (D).
@ KA, 2024(8): 11-13.

[2] e L RAKe A KAEL KL RG R
5 IL[I]. skl 2024(4):43—45+85.

[3] &, sk, BRBE L4 VK8 A KR E WAOR
&M SR [J]. KT AR ZF, 2024, 8(4):44-50.

[4] A G R kb A XA AR R [J]. K
FI AR B, 2023(7):68-71.

[5] W R, #Edkdr, R KB 2 AKEEESAE
o Y58 ad 5 R [T]. wa o A A, 2023, 44(4):55-58.

[6] FhuE R . AR i 3k & AR E om R G/ AT [J]. Rk
Ak, 2023, 41(4):30-31.

(71 R A, #EH, AEHE, F 260 KOEERE
BN RS & A [J] B RA], 2022(11):
115-117.

[8] X 48, FRIT B, Kb . K T2 ik FDC ik 89 /R &
ARAEHALSAXBAEARN] KTHFRIZIR,
2020, 37(8):29—-34.

[9] 2440, 2% TF . BERRANFERE IR EAEZRER
B R A [J]. Ak, 202006):71-74.

63 I



KSR

CHINA WATER RESOURCES  2025.11

[10] Bsksk, 8L, Fhu. ke A KRTAAZER
R ek Ao ey AT 0], Dkl 2022(5):1-3.

[11] &8, & . DR E A KRBT EHHERYS
8 1] AEE T, 2024, 46( S2):157-159.

[12] &4 TR, M p4E, F DR E TRAESKEE
R R [J]. Dk E, 2024(1):1-5.

[13] B, R R W B RESFASAZREILKRA
At [J]. W KA, 2024, 45(1):108—111.

[14] & £ R Y RAR A SR AR HHF R [J].
WK, 2021, 43(6):310-313.
[15] 24 . KB D KEAXA SO EE P R[] 4
b A RFFIR (EASFHFR), 2019(1): 18-25.
[16] 3K, MRk, 7 A48, F K EHa T & i
R iaiEwArisJ] KeieRA5, 2023, 41
(4):65—68+64.

[17] & . AR T DR E A XEBIRE S F&R[I] D
K, 2024(3):1-2+40.

(18] A m#F, TR, e, F K TRKERFAT LR
SHAEABZRZTRAT L L BB G Hal] Kk
W, 2024(6):30-34.

[19] & A . & = ¥ 3k A XA BB HZ R [J].
Wl KA K 2024(3): 15—17+41.

[20] &M, 2%, R . T AE P REASAZTE
B G ekt B I KA E B AL, 2023(4);
88—92.

[21]) #h /Y, Z4h DR ESEA KRBTSR T
T iR R B [J]. Ak, 2024(6):35-39+49.

[22] @Rt ALK, Zl AT REXKE N DA A
e TR VATR KT 4] [J]. 3 i KA A
3%, 2022, 50(4):9-13.

[23] AR, MR, KT, F AT S ARSI E
DR A R FORE 63 S5 A [J]. T A KA,
2024(7):29-31.

[24] Av it & K 3k A AR AR B IR )],
K, 2022(6):6-11+16.

[25] AR . 35 BB g K b Rl 3 A R E A Ak
KA B R [J]. 3 KA R 202006 ):68—71.

[26] B . R & 25 o B ) o T [T]. KA K
W, TA2% 3, 2023, 42(1): 16—18+39.

[27] TN, #138, ERE & AT B KBk A KA SRR
BRI k5 Rk [J]. ke, 2023(4):1-5.

[28] T2, B4R, & A& . /R 3k A& &R LF N
BRI Ak, 2022(6): 12-16.

HEHE XET

((E4% 50 W ) F LSTM A 22 M 4548 A 2 30 F /RAZ TR
e A [J]. ARR T, 2022, 44(8):69-75.

[11] ADHIKARY K S, RAHMAN M, GUPTA D A.A
stochastic modelling technique for predicting
groundwater table fluctuations with Time Series
Analysis[J].International Journal of Applied Science
and Engineering Research, 2012, 1(2):238-249.

[12] MIRZAVAND M, GHAZAVI R.A Stochastic
Modelling Technique for Groundwater Level
Forecasting in an Arid Environment Using Time
Series Methods[J].Water Resources Management,
2015,29(4):1315-1328.

[13] F &L, XFRAR.FEFRERT RS S LAY
ARIMA #¢& & 7 0 #F 72 [J]. % F K, 2020, 42(2):
43-45.

[14] 27, FLE, TER, F. AT R3S TR0
A ERGIA LRSI TR FEFIR

'Y o

(M A5 ), 2015, 45(3):886-891.

[15] XA, AR K, #KE BP-ANNBEA f 40 T K )
TR o o AT [T]. & Au Rk X 5 3Rk, 2009,
40(9):44-47.

[16] Tk, X 1R K, . A T BP A2 W 2444 3o T K 3h & Fam)
). K £ARFFAF 5T, 2012, 19(5):235-237.

[171 FAN Y, HU L, WANG H, et al.Machine Learning
Methods for Improved Understanding of a Pumping
Test in Heterogeneous Aquifers[J].Water, 2020, 12
(5):1342-1342.

[18] Sp#, x| RAL, H=F, F 3MHMEF I B L
WTFARALFH S PRI [T RIS
., 2024, 18(5):1406—1414.

(9] Wiy, F43F KT % EFLSTMAYZ W & 63
T AALTRM 7 AR [J). FF R FR 5 2R, 2024,
38(9):138-146.

REHE XNET



