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Fig. 1 Cross section of underground powerhouse
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Fig.2 Calculation model

22 HESYSXFSH

SHERUEH R IS TN TR IR Z W
Mohr-Coulomb A KRS, Bz Bl & LI & Hl A
2R FEA T 8200) B S HOR I [ 5 73
F LG R BB AR E . HE LR 1. RS
Bl TR S RO 2,

x1 MTIBEREERESH

Tab.1 Parameters for surrounding rock of underground

cavern of underground powerhouse
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Tab.2 Parameters for supporting
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Fig. 3 Basic flow chart of BSA-BP algorithm
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Tab.3 Orthogonal experimental design table
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Tab.4 Comparison of measured and inversion

values of in-situ stress
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Fig. 4 In-situ stress test section

R 28 500 AR 00 B R AT W0 0 3 ) - A
THEL AT A B M 0 ) SO A R 3R 4 SN B
SCIME S R AR e, 3R 4 AT 36 AR
AU — AN E R R 22 R T 10, 34 00, HoRiR
ZEXIAE 1006 DL F IR 22400 3. 5206 A5
MR ZEROR AT RE M 77 5 A B ) A2 O

Pl S PR O R ROk U R g R T 4 R
3 S L 7 W5 BAE UL TR T BSA-BP #f 22
W 265 B 38 A 3 10 3 10 ) 45 3R v T IR AZ I S

(GF (R
4 BEEREMITELSR

K BSA-BP #1252 S5 3 115 17 01 5%
N3 RN G, BT T R R R A R T
J& B BN 1 3 Ar R 3 S BB PR X R A3 A G DL
R (1

(DR S35, T % TF 45 [045 B W & AR
YT 43 A o 3 5 DY ] BB 04 A 1] g 7 K /N T A )
L 3 BE I AR BN b, B/ 5
R T B T4 48 16 5 7 3 HILZE ) T A4 S/ F2 0%
HEREN S =B IWEE RN FE RN T = Bk
BHUR T B R A2 5 T HE B 30 5% IR 1 B
FER H B, T HE R B R RN ok 10~ 11
MPa, A5 N W HE R S8 11~13 MPa, &
] 2 AN T HE A F 32 FOCR A, RV 7 e K 14,5
MPa, 5K T 32 W ) S R A £ b5 Ll
RGN, RN ) e KAE A 15, 23 MPa, K
32 fe KN I 358 /N T 2 VR A R B 3l Bt R 58 82 (70
MPa) ., MI KR FERN I =ERE, BT 5 L5
W )22 & B A B BE 2R 5 300 358 28 B A AE SR R g
T IR S R 0. 64 MPa, LR J1 % A4 H
BT T [ AR M N R R N g am /N FA A
AP HL 5 BE L AB LN g 25 T BOE UK B 25 7 Tk
I, RECA AL Zh s PR B . DRI A S RO 2
aE AR RN FE T B it 0 g R Rk 2R 5 i B
L FAE ) A TAE



+ 120 - KoOHf

2023 4F

NI 7/Pa
-3.526 7x10'
-1.000 0x10°
-2.000 0x10°

-7.000 0x10°
-8.000 0x10°
-9.000 0x10°
-1.000 0x10’
-1.1000%107
-1.200 0107
-1.3000%10
-1.400 0x10"
-1.500 0x10’
-1.5239x10

o)
T

(a) B/N\EN

ffpa

6.4001%10°
5.000 0x10;

0.0000x10°
-5.000 0x10°
-1.000 0x10°
-1:500 0x10°
-2.000 0%10°
-2:500 0x10°
-3.000 0x10°
-3:500 0x10°
-4.000 0x10°
-4.500 0x10°
-5.000 0x10°
-5.500 0x10°

-6.000 0x10°
-6.4612%10°

(b) BAEMNT]
Bs5 “3NAHNERNBAEINANZE
Fig.5 Minimum and maximum principal stress

distribution of unit 3

(OfY . WEITZE BT kN &y
A s FLE 7 A 4 1) Y [l SRS IR, 32 SR BN T
PEUTRE LV A B2 B2 S 9 000 340 35k 1 ) Y W 8, &1 6
S FF R [ 58 R T 3 HLAL ) T R R R w AL
=R E P F) B RO ok T2 R BlLA 2 E &
B0 O T HA Y AT 2, L IRT R R B AR A A R B
2, AR AR I AR B R K. £
B Hil e RS BRI A A LA T HE | 2T B b i o il
KT R R SRR AR sS b S L Hod B
HEOEZ W2 1 2, Bl A 2R e & iR oK, I R IE
O 16,66 mm; Tt KPTHE &4 14, 00 mm;
T 2 455 52 3 B 2 A 5 e A LA KRR TR
AZJE f& O 10, 60 mm; IS AR 18] 58 5 25 0 10. 00
mm, AR LA AR I e KR A i A
PR AR BB KON 9. 10 mm; 1 b iiF i1 5% %2 B
LA IT¥2 52 il 2 & WA K, Ik R & 8
7.00 mm; JIEARAY A5 E R 204 8. 00 mm, R
EHAE T E s ZIEER KN 7.90 mm,
HARFBAL AL /N, 24 3.00~5. 00 mm,

Be6 “3NAHNEUBIER
Fig. 6 Displacements principal stress distribution
(OIYEX, 7 3T P T 42 5 1 %
R R A T A A O BB IX R E A T =
IR 28 J] 1R o 1 3 0 425 RO R S DGR .

f1
B7 “3HAHNEEHEREAESGAE
Fig.7 Plastic zone distribution

I B B BB XY Bl e Ok 2T B L i i 0 A2 W R
£, SR SR X A R R T AR AL R
KE RN 14 ms BEZR 5T W 4 AH 52 4b 98 1
DOEFEHER, RRETFHREL 11 m, DR
SAVE DB BB/ K B IREE L 5 m 3278 98
DX 7 90 i R B R L DA b 3t 3 45 45 R 2k R A 22
WAL I KA EWREL 8 m, U EMHXE
FUREL 4~5 m, 1 THE PR X R 7 IR AU 2
m Ze A, IR A R O 0 R A A Xk R T A
KORBEWEL A~5 m, 1 THE I P X R B W
0 2 m Zefi . T By Kbk W s T4 A 98 1
DR B R RO TE T T DU B A,

5 #Hit

a. JET BSA-BP # 2 W 45 11 Hb N ) J il 45
SR S N g 2 R AR — B, BE AR A
WATE 52 1 b N ) 1 B0 A S TR AE 5 B9 00 1R v
KA RE B S TS AT HE T

b, WiZ2 1, KB WA TR % HAFE—
FE TR EE PR ) R (K 0. 64 MPa) A7 TERA 3
P ATRE . BRI 5 T By (F AR AH B AL
ZIFFZ IS WA I s I i 2 AR Bl TR R
IR R AR AT IR AEAE Jry A8 JE W IR 1) 7 g

c. b TR R 2 20 IT A2 5 A R R AL
TRGEARE Bl AR I W S o A A7
[F] 26 T2 i — R A Ul W BRAT I 42 S 4 Oy B2 g
i i 1] 5 R A RS M B (R AR A R T AR T
WHYTT RE. HUCAE B 2 & H AL S B 4 T 42
N i iy SR IS 22 8 M0 [ S 4 4 it T 45 0 3
TR 3 2R A L B 1k R AR T IR kA
5% 3k
(1] FEReHE. KI5 W B% I = 3 1B A e e M A0
BE MR T FEAF T D] BUHS - 1 ER
TR %%, 2005.
PR X AR B, AR JEOK A S R ) B g
B IPBERCLT]. NRERIL, 2018, 39(7): 84-
88, 119.

[2]

(F#% 198 M)



« 198 - AW OBE W OB 2023 4F

R 2Rk R i 45 R L SIE T BPA 3% 1 MER (4] ZR7KW, BRme g, sk e TS . 2. 3 R 2 TH i 1
IR HVDC fiid 2 # 85 T it B )], & fe,

2012.,48(1) :17-24.
e B ok h gk W B e b 4 3 28 o)
b. 2 FEMN BB MM ET FENY (o) fw orm AT S R R Deutsch B £

Ao /N W T) R A A0 A A b T B A Y R 4 R RS v PR £ v R R R B B R R R
JE AR ) BE 5 7 S 2 R AR B R ROCRAR /N Fim ] T4 AR %3], 2018, 33 (19): 4419-
) 4425,

AW [67 VFIL L SE M, 200 S5, RS B L VA BT o A 4

(1] ZEfh.okM TR, HRMBARE TR E ) FEERMALBRE PRI E R
P00, PevEr J1,2009,37(10) :1-5. B 4% K, 2016,42(4) :1061-1067.

(2] 4B7Z,FE)ain), Fo B, 55, mE M m A B E iRy [7] SARMA M P, JANISCHEWSKYJ W. Analysis of
TR ZRAR T, B 77 B M $E R 2020, 14(6) 1 1-10. corona losses on dc transmission lines: i - unipolar

(3] JFiE® BT, ERE TR WRAER S]] P E lines[J]. IEEE transactions on power apparatus and
e L T FR 247 . 1990 (3 1) 1) . 75-80. systems, 1969,PAS-88(5).:718-731.

Calculation of Synthetic Electric Field of UHV DC

Transmission Line Based on BPA Method
ZOU An-xin', WANG Shou-gang' , YANG Tao',LI Yong-ming”, LIU Yan’
(1. State Grid Chongqing Electric Power Company Ultra High Voltage Branch, Chongqing 400039, China;
2. State Key Laboratory of Power Transmission Equipment & System Security and New
Technology, Chongqing University, Chongqing 400044, China)

Abstract: In order to study the ion flow field problem near the ground of UHV DC transmission lines, the BPA
method is applied to solve the ion flow field of bipolar DC transmission lines. The synthetic electric field is solved com-
bined with the nominal electric field calculated by the successive image method. The ion flow field and synthetic electric
field problems of £800 kV DC transmission lines are calculated using the BPA method, and the effects of erection height,
interelectrode distance, and sub-conductor radius on the synthetic electric field of UHV DC transmission lines are ana-
lyzed. In addition, the power-line method for solving the synthetic electric field strength is compared. The results show
that the BPA method is accurate and effective in solving the ion flow field, and the calculation efficiency is greatly im-
proved. Increasing the height of the wire erection and increasing the radius of the split sub-conductor can improve the e-
lectromagnetic environment near the ground, while reducing the interelectrode distance can reduce the synthetic electric
field intensity near the ground. but the effect is not obvious.

Key words: BPA(Bonneville Power Administration) method; UHV DC transmission; synthetic electric field; height

to ground; pole spacing; split sub conductor radius
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Initial Ground Stress Inversion and Surrounding Rock Stability Analysis of

Underground Powerhouse of Wuyue Pumped Storage Power Station
REN Bin', ZHANG Fan', LI Yong-sheng', ZHOU Yong-jian®,
ZHANG Zhou-rui’, CHEN Kai', LIU Yun'
(1. Henan Xinhua Wuyue Pumped Storage Power Generation Co. , Ltd. ,Xinyang 465450, China; 2. State Key Laboratory

of Geohazard Prevention and Geoenvironment Protection, Chengdu University of Technology, Chengdu 610059, China)

Abstract: The underground powerhouse of Henan Wuyue Pumped Storage Power Station has a complex structure of
caverns. The main powerhouse has a maximum span of 26. 0 m and a height of 55. 1 m, which is a large underground
chamber. The rock mass structural planes are developed and the strength is low. The fault F1 runs through the three
powerhouse, and the safety problems are prominent. The stability of surrounding rock after excavation should be ana-
lyzed. Therefore, FLAC™ program was used to establish the geological model. The BSA-BP neural network was used to
calculate the initial in-situ stress field of the area. And then the excavation of underground powerhouse was simulated.
The stress field, displacement field and plastic zone development and distribution law of surrounding rock were analyzed.
The results show that the surrounding rock of underground powerhouse caverns group is basically stable. However, local
deformation and failure may occur in the fault development area and at both ends of the busbar hole. The research results
can provide guidance for the design and construction of the project, and provide some reference for similar projects.

Key words: pumped storage power station; underground powerhouse caverns; FLAC’; geostress inversion; BSA-BP

neural network; surrounding rock stability





