H46% H 1M # L+ T B % WMk Vol46 No.11
2024 4 11 H Chinese Journal of Geotechnical Engineering Nov. 2024

DOI: 10.11779/CJGE20230253

SRR EE" Eiﬂiiﬁ m IR R AE K N AR 5

B!, MEL?, F A O’
(1. MR TR AR TR GBSV, L9 ME 211167; 2. BER¥ NS TR, L 200444; 3. MR @5 TR0,
WL i 3240000

B E: SR E RS KRR E R A B PRSP R 2 AR REVE AR AN BT A 25 A A IR A A = ) B AR
a2 —o BT A E I T YERO FROUZ B TR, DLE R AL B R 2 B R R G il R AU . R B
T I FH - 7 7 R0 R AR L TR 5% AR 46, ﬁﬁ%ﬁﬁﬁlaﬁmﬁmh R TR, B Cramp 7330t M4 sk i
HEATBUE SO AR X L R gt s 3 5 4R AR AR AN HUE AR FRDnT B IAIE T BRI IR M, A0 AT T B RG34 2 B B
RGURESH I ARE,  PRUT T AR S HOSEE 0 2 VEAEIR FE RS s A5 BRSO AT AP R /N Ak BB 25 4 1) P DA
St SRR 45 B AT T . 45 R O Le IR EL, AR AT A TT LA AR B S P2 IR AR @
Ak B P R PERE I 40 m B, X G2 E W AR E S MRS/ . FE AL B I IR FEHN 40 m B, S/ NGB A IFIFE N 7.7 m;
@RTRY - AT A T LA Sy R T S AR 45 O

KR mURMEE R 2R ARG RO R, KB AR NE

FESES: TU43 EAFRIRAS: A XEHS: 1000-4548(2024)11-2284-11

EERENY: AEE (1992— ), 5, Hd, Hn, FENFALTREMEF LIE. E-mail: zhouxiangyun@njit.edu.cn.

Establishment and application of two-dimensional axisymmetric temperature
field model for high-level radioactive waste disposal repository

ZHOU Xiangyun', SUN Dean®, XU Xun?, PENG Fan®
(1. Institute of Civil Engineering and Intelligent Management, Nanjing Institute of Technology, Nanjing 211167, China; 2. School of

Mechanics and Engineering Science, Shanghai University, Shanghai 200444, China; 3. College of Civil Engineering and Architecture,

Quzhou University, Quzhou 324000, China)

Abstract: The long-term evolution of temperature field in high-level radioactive waste disposal repository is one of the
important bases for the safety evaluation and design of buffer layer and the spatial optimization of disposal container. A
two-dimensional axisymmetric thermal analysis model with two layers of disposal unit is established to reveal the near-field
temperature evolution of multi-barrier system. The Laplace and finite Fourier sine transforms are applied to the governing
equations for heat transfer to obtain the temperature solutions to the buffer layer and the surrounding rock layer in the Laplace
domain. The corresponding solutions in time domain are obtained by numerical inversion of the Laplace domain solutions with
the help of the Crump method. The correctness of the model is verified by comparing with the linear heat source solution and
the numerical solution. The temporal and spatial distribution characteristics of the temperature field in the near-field
multi-barrier system of the disposal unit are analyzed, and the effects of different parameters on the peak temperature of the
buffer layer are discussed. The semi-analytical solution of the model is used to determine the minimum disposal container
spacing and predict the results of the in-situ tests. The results show that the semi-analytical solution of the model can simulate
the temperature change of buffer layer more accurately by comparing with the linear heat source solution. When the tunnel
spacing exceeds 40 m, it has small effects on the peak temperature of buffer layer. When the tunnel spacing is 40 m, the
container spacing is 7.7 m. The semi-analytical solution of the model can well predict the results of the in-situ test.
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Fig. 1 Model for multi-barrier system in disposal unit
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Fig. 8 Effects of thickness of buffer layer on its peak temperature
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Table 3 Values of parameters

ZH e ZH e
Ac/(W-(K-m) 1) 16.3 PBoom/(kg'm3) 2000

ZBoom/(W-(K-m) 1) 1.53 a/m 0.16

co/(J-(K-'kg) M) 500 b/m 0.19

cBoon/(J-(K-kg) 1) 1434 t0/°C 16

pcl(kg-m’3) 7850
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Fig. 13 Field photo of central heating borehole AT89E
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Table 2 Heating and cooling information of ATLAS III heating

tests
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