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Tab. 1 Calculation results of equivalent width at different temperatures
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Fig. 4 Schematic diagram of overflow boundary conditions
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Tab. 2 Inversion values of permeability parameters
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A 4 AT g0, SR AR S B SR E sh A R
B, e m) U3 SiB e . MIEH & KA.
T UEAKAS AR R LA K 38 AAG 5235 T il 38 1), U3 EBAV
AR U i DA KR8 U i B T T T
FEAGIE 0 °C REE B IWEERN, BN ESH TR
0.68 L/s, It f ¥ U i 18 45 &4 %6 FF 29 0.3 mm,
FERIR 0 C SRR EE HHERBE TR IREIEZ S
BRI EE TREE 8.71x10° Lis, It i ¥ I i 14 45

B/
ALl

RUCvE BE 2 0.03 mm, 18 521 J5 5 T 38 18 58 AR 25 2
10 5. PRtk A B2 el 16 07 B F i e T IE b 55
TAEE® EE . U3 Bln i ATk A A E AR
BB ZEA K, UL B I R E45 R T 5,
TEPIB B E Z JEEILT B —E K, Btk
37 195.29 m FI AL #% 3t K 47 195.50 m, 20 °C B} U3
WA B e K SR AR /N, 4 A 9.34x10°7° L/s Al
9.42x10°L/s, MBI A 0.67 L/s, (AL B IR &

BRAKMREL5EKIFE 459



%22% B3 @A ARARHCEEO

2024 4 6 H

W& A /0, 43 R 2.16 Lis Fil 2.14 L/s, H B Fp 8t
G IR R AT BE S T UK 7 R b K HE i 2 v, Sak
IR T3 BE A IE B B KA, PRI 1395 s B i/

4 Hit

A TR S S B R R R, T
e A, S T U3 A8 T KN 5 AR R
Wraeia X, R COMSOL 7 7 =4 /K
TBE ALY, ] FH S 00 A AN X 458 7 S 55 A 7 U000 56
E, HXPANR] T00 R AR08 et E 47 T, 75 2]
MR8

AIRANS T I B TR oG, BEE R T
far, KI5 U i B 0 0 /0, K R 3095 U 4 1 24 i
A8, RIS 7 Ao BT T B AERLTE B A K,
EMEAL IR T S50

ST IUhE b A% RN LR S5 4, R COMSOL
AT AS R IR B AR [R] KA T A 40044 30 35
Bilwht. 455 BN, U3 FBA1E I 2 E R A S
W, TE 0 °C ARABE B Tl 18 15 s 2k 0.68 Lis,
40 °C B4 0.05 L/s, #1122 12.6 15, 2 B & 7K 47
IRBEXTE I i (0 R AR K o

BB AR IE B R B> (TR 1S
T 4, BE BB EBREW T 1.35L/s).
PR, 7 2 R 8 e G R TR B K, LoD
K BB T, TR K IR | 4847 .

S 3

(1] B8, 250, JuO0, 55, FEoK IR 5 I [ R R
R WA 5 A3 PPN (3] FE K AL I 5 KRR
4, 2019, 17(6): 193-200. DOI: 10.13476/j.cnki.nsb-
dqk.2020.0151.

(2] A, SIRER, TP, 5. IR I RRIE R - T ik
e 2L W F AR I, mE K AL 5 KRR, 2015,
13(5): 926-930. DOI: 10.13476/j.cnki.nsbdqk.2015.
05.023.

(3] sREF, 204, BA5, 55, FTTRIURGE B R Ok
TS 2VEN ], KB 25 TR R, 202006):
39-44. DOI: 10.19733/j.cnki.1672-9900.2020.06.11.

(4] i, A F K, FA, 5. B KERINE IF 5
Brid]. VI3 K F1, 2023(7): 68-72. DOL: 10.16310/j.
cnki.jss1.2023.07.003.

(5] REML. Wpt KSR A H 304 128k 5%
TFVERIFSE [D]. ] AEREE TR A%, 2020. DOL: 10.
27151/d.cnki.ghnlu.2019.003963.

(6] JHMA, #IE, ARERAS. 20084F4] B J7 vK AKX
FMEIUAS I s AL 3BT (0] 7K D1 & H, 2010,

460+ B RKMEL5HEKTAR

[7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

36(12): 20-22. DOI: 10.3969/j.issn.0559-9342.2010.
12.006.
ARDUE . KINAFK CH BT 5T (M. Jbat: rhEK
Fl7KH A, 2007.
B/, B 2, AN, A5 VIR RIS [ T AR %
SWEIGERL T [1]. WK FIRHE, 2017, 45(4): 60-
64. DOI: 10.13641/j.cnki.33-1162/tv.2017.04.017.
AR . VO PEIEE DX AR AT R K AR AR R 5T (T, B
“EFEARAHT, 2020(26): 161-164. DOIL: 10.3969/j.issn.
1673-1328.2020.26.072.
XN, B E R, 88, & WRB RS R
KA ). rE K AL IR 5K R R . 2017(3): 158-
163. DOI: 10.13476/j.cnki.nsbdgk.2017.03.026.
TG, T ] I 2 4 R AR TS K2 B i
LA 5E (D], B¢ fH = 5t K %%, 2021. DOI: 10.
27047/d.cnki.ggudu.2020.001061
W2, /R, VratE, 4. ST A BRIT LK
T3 B4 = 2 RS BB B AL e L) PRS0
WELT] B Rz 4 (AR B RR), 2021, 61(8):
833-841. DOI: 10.16511/j.cnki.qhdxxb.2021.26.019.
W Ty, TanlE, B8, 55 24BN K ) ) 2% R
[M]. 28, dbat: HbJse b it 2019.7.
W, JET RIS TR 0 A DB e A A5 (D]
P4 22 7542 BT K 2%, 2021. DOI: 10.27398/d.cnki.
gxalu.2020.000128
MR, A, W55, &, TS REH RS
T Hl R TR B S K SCH SR 0] R
AV, 2013, 32(2): 148-152. DOI: 10.3969/j.issn.
1001-4810.2013.02.004.
XU, B3, XUEK, 5. % 1853 R BRI T
o5 K0 I BE AR A o i L)L 1 2= ), 2011,
32(2):183-188.DOI:10.15959/j.cnki.0254-0053.2011.
02.004.
ZE, R, BH AR, SF. VE T 604F MK
SRS R 5278 53 A (I ma /K AL 5 KRR
14,2016, 14(2): 55-61. DOI: 10.13476/j.cnki.nsbdgk.
2016.02.011.
TRIDHE, XIDGAE, MHHT, 55, B X PCA 23 R
PRI ST (7). =R 2= 223 (A SRR R,
2006(4): 301-304. DOI: 10.3969/j.issn.1672-948X.
2006.04.004.
SRR, SRPRRE T RISV RE S AR A AR
SR AT 35 ARk AT, 2018(1): 7-10, 29. DOL: 10.
15920/j.cnki.22-1179/tv.2018.01.002.
AHE, BRORTR, SO, T COMSOL Multiphysicsff)
T AW E A e BUE R (], AKFIEAR W,
2020(3): 66-69. DOI: 10.3969/.issn.1008-1305.2020.
03.020.


https://doi.org/10.13476/j.cnki.nsbdqk.2020.0151
https://doi.org/10.13476/j.cnki.nsbdqk.2020.0151
https://doi.org/10.13476/j.cnki.nsbdqk.2020.0151
https://doi.org/10.13476/j.cnki.nsbdqk.2020.0151
https://doi.org/10.13476/j.cnki.nsbdqk.2020.0151
https://doi.org/10.13476/j.cnki.nsbdqk.2015.05.023
https://doi.org/10.13476/j.cnki.nsbdqk.2015.05.023
https://doi.org/10.13476/j.cnki.nsbdqk.2015.05.023
https://doi.org/10.19733/j.cnki.1672-9900.2020.06.11
https://doi.org/10.19733/j.cnki.1672-9900.2020.06.11
https://doi.org/10.16310/j.cnki.jssl.2023.07.003
https://doi.org/10.16310/j.cnki.jssl.2023.07.003
https://doi.org/10.16310/j.cnki.jssl.2023.07.003
https://doi.org/10.27151/d.cnki.ghnlu.2019.003963
https://doi.org/10.27151/d.cnki.ghnlu.2019.003963
https://doi.org/10.3969/j.issn.0559-9342.2010.12.006
https://doi.org/10.3969/j.issn.0559-9342.2010.12.006
https://doi.org/10.3969/j.issn.0559-9342.2010.12.006
https://doi.org/10.13641/j.cnki.33-1162/tv.2017.04.017
https://doi.org/10.13641/j.cnki.33-1162/tv.2017.04.017
https://doi.org/10.3969/j.issn.1673-1328.2020.26.072
https://doi.org/10.3969/j.issn.1673-1328.2020.26.072
https://doi.org/10.3969/j.issn.1673-1328.2020.26.072
https://doi.org/10.3969/j.issn.1673-1328.2020.26.072
https://doi.org/10.13476/j.cnki.nsbdqk.2017.03.026
https://doi.org/10.27047/d.cnki.ggudu.2020.001061
https://doi.org/10.27047/d.cnki.ggudu.2020.001061
https://doi.org/10.16511/j.cnki.qhdxxb.2021.26.019
https://doi.org/10.16511/j.cnki.qhdxxb.2021.26.019
https://doi.org/10.16511/j.cnki.qhdxxb.2021.26.019
https://doi.org/10.16511/j.cnki.qhdxxb.2021.26.019
https://doi.org/10.16511/j.cnki.qhdxxb.2021.26.019
https://doi.org/10.16511/j.cnki.qhdxxb.2021.26.019
https://doi.org/10.27398/d.cnki.gxalu.2020.000128
https://doi.org/10.27398/d.cnki.gxalu.2020.000128
https://doi.org/10.3969/j.issn.1001-4810.2013.02.004
https://doi.org/10.3969/j.issn.1001-4810.2013.02.004
https://doi.org/10.3969/j.issn.1001-4810.2013.02.004
https://doi.org/10.3969/j.issn.1001-4810.2013.02.004
https://doi.org/10.15959/j.cnki.0254-0053.2011.02.004
https://doi.org/10.15959/j.cnki.0254-0053.2011.02.004
https://doi.org/10.15959/j.cnki.0254-0053.2011.02.004
https://doi.org/10.13476/j.cnki.nsbdqk.2016.02.011
https://doi.org/10.13476/j.cnki.nsbdqk.2016.02.011
https://doi.org/10.13476/j.cnki.nsbdqk.2016.02.011
https://doi.org/10.13476/j.cnki.nsbdqk.2016.02.011
https://doi.org/10.3969/j.issn.1672-948X.2006.04.004
https://doi.org/10.3969/j.issn.1672-948X.2006.04.004
https://doi.org/10.3969/j.issn.1672-948X.2006.04.004
https://doi.org/10.3969/j.issn.1672-948X.2006.04.004
https://doi.org/10.3969/j.issn.1672-948X.2006.04.004
https://doi.org/10.3969/j.issn.1672-948X.2006.04.004
https://doi.org/10.3969/j.issn.1672-948X.2006.04.004
https://doi.org/10.15920/j.cnki.22-1179/tv.2018.01.002
https://doi.org/10.15920/j.cnki.22-1179/tv.2018.01.002
https://doi.org/10.15920/j.cnki.22-1179/tv.2018.01.002
https://doi.org/10.3969/j.issn.1008-1305.2020.03.020
https://doi.org/10.3969/j.issn.1008-1305.2020.03.020
https://doi.org/10.3969/j.issn.1008-1305.2020.03.020

X ER, F KB KE XIS R E SR

The influence of temperature on the leakage of a reservoir dam

LIU Zejun', FEI Qingsheng’, ZHOU Jie’, ZHU Bing’, HUANG Yong"
(1. Faculty of Architecture and Civil Engineering, Huaiyin Institute of Technology, Huai'an 223001, China; 2. Runyou Water Conservancy
Construction Group Co., Ltd, Gaoyou 225600, China; 3. Suyuan Testing Co., Ltd, Huai'an 223300, China; 4. School of Earth Sciences and
Engineering, Hohai University, Nanjing 211100, China )

Abstract: Existing data has indicated that the seepage amount in the dam is inversely proportional to the
temperature. Higher temperatures result in less seepage, while lower temperatures lead to more seepage. Seepage
mainly occurs in the U3 section of the Wanyao Reservoir, and the effects of several anti-seepage measures have not
been very significant. Since the seepage channel in the U3 section directly leads to the gallery in the front of the dam
and is closely related to the reservoir water level, the impact of the current water level on seepage can be considered
significant, and the lag effect of the water level on seepage can be ignored. Therefore, considering the frequent
occurrence of extreme weather in recent years, such as high temperatures in summer and freezing conditions in
winter, which can have a significant impact on existing seepage channels in the dam and even pose safety hazards, it
is necessary to study the seepage amount of the Wanyao Reservoir under conditions of high water level and low
temperature.

Temperature was calculated using the Cubic Law, an analytical expression for the size of the seepage channel in
the U3 section, and the relationship between temperature and measured seepage amount. A three-dimensional
groundwater flow numerical model was established using COMSOL software. The model parameters were
identified and validated using the measured water level data, and the seepage amount of the dam under different
operating conditions was predicted.

The model parameter inversion results show that, with the exception of a relative error of 1.53% in the U504
hole, the relative errors in the other observation holes are all less than 1%, indicating that the model has a good
overall fit to the observation data. The model's predictions show that: (1) At a low temperature of 0 °C, the seepage
amount reaches its maximum at 0.68 L/s, which decreases to 0.38 L/s at a high temperature of 20 °C, and further
reduces to 8.71x10° L/s after repairing the seepage channel at 0 °C. (2) The analytical and numerical simulation
calculations of the U3 seepage amount are in good agreement, demonstrating the reliability of the seepage amount
calculation. (3) After anti-seepage repairs, a simulated flood with a return period of one hundred years, i.e., a design
flood level of 195.29 m and a check flood level of 195.5 m, results in a dam seepage amount of 0.67 L/s, with a
slightly reduced dam foundation seepage amount of 2.16 L/s and 2.14 L/s, respectively.

In conclusion: (1) Temperature and seepage have a clear negative correlation, with rising temperatures
significantly decreasing dam seepage. The equivalent width of the dam seepage channel was calculated using the
Cubic Law and the dam as a fracture, providing parameters for numerical simulations. (2) COMSOL software was
used to calculate dam foundation seepage under different temperatures and water levels based on the geological
conditions and dam structure at the dam site. The results show that seepage in the U3 section decreases with
increasing temperature, with 0.68 L/s at 0 °C and 0.05 L/s at 40 °C, a difference of 12.6 times, indicating that low-
temperature and high-water-level environments have a significant influence on seepage. (3) Seepage significantly
decreases after anti-seepage reinforcement, therefore, it is necessary to promptly grout and seal the seepage channels

to reduce the reservoir's seepage and ensure its normal and safe operation.

Key words: temperature; dam; leakage; COMSOL software
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