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CJPL site 



Yalong River and Jinping Mountain 
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XiChang 

Tunnel 

120km 

50min from Chengdu 
            By Air 



Jining II, China�
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" Seven high pressure tunnels: two auxiliary tunnels,
 one water drainage tunnel and four headrace tunnels  

" Maximum overburden of 2525 m and principal stress
 of 70MPa by back analysis 

" Average length of 17.7km  
" Excavated mainly in marble by TBM and D&B 

Headrace tunnels �
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Road and Tunnel 
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Logistic Condition of this UL 



The basic conditions of CJPL 
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~2400m 

~8000m 
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~2400m 
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MOU between EHDC and THU 
Signed 

(MOE, SASAC, SDIC, NNFSC, THU, EHDC) 




����� CJPL and CDEX @ DUSEL 15/50 

The Layout of CJPL-I 
 

Main Hall 

Access Tunnel 

! Main%hall:%6.5*6.5*40m%
! Total%Volume:%~4000m3%



Digital borehole camera 

Acoustic emission 

Sliding Micrometer 

Microseismic  

Acoustic wave (single or 
cross-hole method) 

!  Evolution of surrounding rock  

   (Institute of Rock and Soil Mechanics, Chinese Academy of Sciences) 

" Structure  
" Elastic wave  
" Deformation 
" Fractures 
" Rockburst/Rock spalling 



Auxiliary tunnel A 

2 3 1 

2430m
 

1900m 

2370m
 

Tunnel B and F, 7.5× 8.0m 
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!  Testing  tunnels 

Tunnel C, 3× 3.2m 

Tunnel D, 3× 3.2m 

2-1 

Headrace tunnel no.3, D=12.4m 

Headrace tunnel no.2, D=13.0m 

1800m 



"  �Evolution of excavation damaged 
zone 

" Excavation Damaged Zone (EDZ): new fractures observed by digital
 borehole camera, >0.2mm 

" Excavation disturbed Zone (EdZ): deformation obviously and micro
 fractures concentrated, measured by acoustic emission and sliding
 micrometer 

Image of borehole wall  and fractures 
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Deformation of surrounding 
rockmass in test tunnel F  

Acoustic emission of headrace 
tunnel of No.3    

 

I 

�a�2009/10/20 �b�2009/11/22 �c�2009/11/27 �d�2010/03/28 �e�2010/08/19 

Width: 2mm 

23.7

5 

II 

I 

II 

I 

II 
I 

II 
I 

II 

Width: 5mm Width: 6mm Width: 6mm Width: 9mm 

Cracks almost closed 

New crack: 6mm Crack development: 5mm 
New cracks: 5mm 

New cracks run 
 Through: 2mm 

Figure 18  EDZ formation and evolution observed by digital borehole camera in branch tunnel C 
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EDZ formation and evolution observed by digital borehole camera in a borehole wall of test tunnel C  
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!  Typical testing results 



"  �Rock spalling process 

"  In situ observation on tunnel sidewall 

" Digital borehole camera for rock mass fractures 
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Fractures Borehole depth (m) 
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Mechanism 

Spatial and 
temporal 

characteristics 

Strain 

Strain-
structure 

slip�

Immediate 

Time 
delayed 

High 
geostress 

High stress  
and rigid 
structure slip 

During 
excavation 
unloading  

Up shell hollow grouting anchor 
prestressed,T=80kN 

NWW 
structural plane 

“V” notch 

"  �In situ observation of rockburst evolution process 

Rockburst 
types Dominated by 

Occurred 
sometime 
after 
excavation 
unloading  



! Immediate rockburst-Testing site 
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Auxiliary tunnel A Location of test tunnels B and F 

Auxiliary tunnel A Test tunnels B and F Branch tunnel E 

Overburden of test 
tunnel is 2370m 

Testing tunnel excavation 

Profile of tunnels 



!  Immediate rockburst-Numerical analysis 

Connection 
tunnel 

Test tunnel B 

Pre-excavated auxiliary tunnel A, axis direction 302° 

 

Test tunnel F 

Branch tunnel E 

Distribution of failure approach index(FAI)  

Distribution of local energy
 released rate (LERR)  Distribution of the maximum principal stress  

Tunnel northern
 sidewall  has the
 maximum risk of
 rockburst 

Risk zone 

Risk zone 

Risk zone 
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Test tunnel B 

Pre-excavated auxiliary tunnel A, axis direction 302° 
 

Test tunnel F 

Branch tunnel E 

M1-SM01 

Legend for boreholes 

Micro-seismic 

Elastic wave 

Digital camera 
Sliding micrometer 

M1-DB01 
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Monitoring section M2 Monitoring section M1 
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!  Immediate rockburst-Configuration of monitoring facilities 

Auxiliary tunnel A Test tunnels B and F Branch tunnel E 

Excavation 
at two 
benches�



!  Description of immediate rockburst 
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Vault

Horizontal distance originated from the entrance of tunnel F���
�� �� �� � �

Rock burst 
zone

Joint

Northern 
side wall

southern 
side wall

Stress relaxed zone

Joints

Joints

Corrosion fissure
with the width of 
2 to 10mm
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Zone of monitoring 
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�ockburst occurred on 
January 09, ����, 'ith the 
volume about 6.3 m3 



Slight rockburst occurred at northern 
sidewall  to spandrel of  3# TBM headrace 
tunnel at K11+080-090, June 08, 2010, 
notch depth: 20-35cm 

Evolution mechanism of immediate 
strain rockburst(tensile failure 
mainly 
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Shear control plane 

Rockburst block Tension failure plane 

��

“V”shape notch���
��

“V”shape notch�

“V”shape notch�

Intensive rockburst occurred at southern 
sidewall  to spandrel of  3# TBM headrace 
tunnel at K11+045-054, June 11, 2010, notch 
depth: 1-1.2m 



Civil Work of CJPL-I�
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Dig the tunnel for CJPL in July,2009 
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Aug., 2009 
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Jan., 2010 
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The Gate of CJPL in June 2010 



The main hall of CJPL in June 2010 
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Dec. 12,2010  Openning Ceremony 
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International Highlight: 
�Science�,�Physics Today� 



CJPL-Infrastucture 

! Underground Laboratory (Inside Tunnel) 
! Ground Laboratory (Monitor Building) 
! Remote Data Center (Tsinghua Univ.) 
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Internet 



Date Center and Network Workshop�



Ground Office�



Storage Room for Experiment�



Remote Data Center in Tsinghua University�



Fresh Air System�

!  To reduce dust 
!  To reduce Radon 
!  To make a comfortable working space�



Instrument destroyed by Dust�



Clean Air System for CDEX�



Flesh Air tube work�



Flesh air tube work�



Fresh Air System 
15nights (90hours)  for 9000m tube installation�



Vent-pipe of Fresh Air System�



Air-tight Door and Air shower�



Layout of CJPL-I�

PM10 > 300�

PM10 < 10�PM2.5 < 45�PM2.5 < 10�



CJPL Infrastructure 
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CJPL Internal Layout�
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CDEX�

LBDX�

PandA�

DAQ�
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CDEX, PandaX and LBF
 inside CJPL-I 

�
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# Future :  Lower Threshold ; Direction Sensitive 
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China Dark-matter Experiment 
(CDEX)�



Detector and Shielding 
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Polyethylene  

Lead  

Copper 



10kg scale PCGe  detector array 
with LAr active shielding 
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1kg%PCGe�

4x5g%ULEGe�

20cm%OFHC%Copper%
+20cm%Lead�



PandaX�
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Low Background Radiation Measure�

Focus: 214Pb214Bi228Ac212Pb208Tl and40K 
Based the characteristic peak of 214Pb and 214Bi�

GMX365B 
(HPGe)�

NR200A 
(100~1.5x10-3uJ/

m3)�

AlphaGuard 
(5cpm)�

Leica Disto A5 
(0.002m)�



In the Cave�



CJPL Rock Background 

    (Unit�Bq/kg) K-40 Ra-226 
(609keV) 

Th-232 
(911keV) 

JinPing Rock Sample  < ��� 1.8���� < ���	 

Beijing Normal  
Ground Level ~600 ~25 ~50 
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In the tunnel�
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In side CJPL (LBF)�


����� 

Humidity: 42%;  Temperature: 23�� 
Average dose rate of Radon:   

      
 133±24Bq/m3(8.1×10-1µJ/m3) �



Inside CJPL (CDEX)�


����� 

Humidity: 37%;  Temperature: 21�� 
Average dose rate of Radon: 34±7Bq/m3(2.6×10-1µJ/m3) �



Radiation Measure of CJPL�


����� H71R 
 



Unexpected Result of Radon Measure�

! Syphymo AlphaGuard PQ2000  
$ Measuring range: 2- 2000000 Bq/m3; 
$ Sensitivity: 1 cpm per 20 Bq/m3; 
$ Detector filling system: Design optimized for

 fast passive diffusion :10/60 min and flow
 mode : 1/10 min (PQ2000 PRO only) 



The measurement of Radon in CJPL�



The measurement of Radon in CJPL�



The measurement of Radon in CJPL�
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The relation between radon  and
 earthquake nearby CJPL�
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CJPL II�



CJPL II�

•  More Space 
•  4000m3 -> 96,000m3 

•  60kVA -> 600kVA 
•  40m3/h -> 5000m3/h 

•  More Project 
•  CDEX-1T 
•  PandaX-1T 
•  ….. 



CJPL-II�
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headrace tunnels�

water drainage tunnel�

auxiliary tunnels�



8 rooms of CJPL-II�
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Rock work volume of 8 x labs� 130591 m3�

Concrete work volume� 26427 m3�
Steel structure� 912 T �



Civil work of CJPL-II�
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%  Jun. 2013 ~ Dec. 2013  : Concept Design 

%  Jan. 2014 ~ May. 2014  : Detail Design 

%  Jun. 2014 ~ Oct. 2014  : Tender Process 

%  Nov. 2014 ~ Dec. 2014  : Contract and approval �

%  Jan. 2015 ~ May. 2015  : Dig and Support�

%  Jun. 2015 ~ Sep. 2015  : Concrete work�

%  Apr. 2015 ~ Jun. 2015  : Flesh air tube work�

%  Oct. 2015    : Civil work Accept Test  

%  Nov. 2015 ~ Jun. 2016  : Infrastructure work 

� �!�"����&� ��"#��



Question about CJPL-II�

!  New Request from Physicist 
!  New Idea for Engineer 
!  Useful Advice for planning and design 
!  New Think for Future�
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Thank�
Li Jianmin 
Engineering Physics Dept of Tsinghua University 
Tel: 010-62781403 Cell: 13911239065 
Email: leejm@tsinghua.edu.cn�
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