:.24: 24 = = > HB: g o .
hE RS MBS S5 R 2025 H55% % 114111018 </ CPERE ) Zekit
SCIENCE CHINA PRESS

SCIENTIA SINICA Physica, Mechanica & Astronomica physcn.scichina.com
) NASTIEE TR oig Mark
X BRRA AR EH Crosshiark

E R T2 E _ RS R Ema L RN E R
BRIk AN E IR 574

AT, RIAZ, R, s, RO, A, Bl 9 &, A2

LB R TREYE R, Jbat 100084
2. JEHUMVER AW B RSB, EA 100875
*PER A, &, E-mail: zengzhi@tsinghua.edu.cn; F2%#F, E-mail: chengjp@tsinghua.edu.cn

WeRE H 391: 2024-10-03; 43252 H H1: 2024-12-03; MI2% i AR H 11: 2025-02-13
HE K & R R 5 2023YFA1607101)F1E X B AR 364 (U 50 12425507, 12175112) % 81 H

WBE ZATHNARMTEIREXRFEERARAKREZRE, BRE AR AR AR T AR KA R 8] 3 4 2 52
B V% (18 BR 48 R R HE ) IR AT P E 4R B3 T S0 — HA(CIPL-IDZE %, BB RFRN ARG HAMEAE KREF
IHREZRFNARE. AITEHAMALEZR, BFGAMNAETE B MANG A TEEET LR EZAA
WERME, AXERAERTENMBENENNEG ANAEL T LENETANEE, FAZAAN BN EER
B A A PO A A TR B LR EWIEARE UK A FHRE M L i85 A RFATNE. W ESERKH, A
AEERERTANHEREZENHEI1%UT, 2L THANAEFRTAN EEH/NF0.1 mBqm?s™'; 3t
Hifio D g o B2 P A U BISRAE I8 1T B E T 460%, A TR PbA? Bt gt MM & BE 3 2 P A BikF AL 14
TR R 4920%-40%; WMATRE, LBTHEAAKERE(20.3£0.1) Bq m™°, 4k ELH
(208.0+0.1) Bq m ¥ 1/10. A F & R HHAB AMA LB AREMRT AR EFHRKE, A - HELR FHERA KT E
REET BRI

KR WMEATEIRE, BANAE, AMHE, AKE

PACS: 28.41.Te, 29.30.Kv, 92.20.Td

WPAEEY, R AR KR AR, = AR

T SR8 S T R RTIR Y EL SR 7 28 HE SR A AR
R SR SR RISV RN BT SRR AR AR

TEE A T S T T, B 2 T LA R SRR E A UARRIEE 2, ah . R

PRSI ER, MR — MR T ZE 15 @SR 92 RaZe A T I A 22 1 4 A 23 5

it

1 35l

SIRMET: bk, mRIsER, 1CSck, . i EHBR T 9000 IR BE T EUNT H 3 i K KA. R Rk MR 2 S, 2025, S5
111018
Zhang Q L, Xu P C, Dai W H, et al. Measurement of radon exhalation rate from the surface of cavity and effect analysis of waterproof and radon
suppression project in China Jinping Underground Laboratory phase 1I (in Chinese). Sci Sin-Phys Mech Astron, 2025, 55: 111018, doi: 10.1360/SSPMA-
2024-0435

© 2025 (PIERFE) Aktk www.scichina.com


physcn.scichina.com
http://crossmark.crossref.org/dialog/?doi=10.1360/SSPMA-2024-0435&domain=pdf&date_stamp=2025-01-24
https://doi.org/10.1360/SSPMA-2024-0435
www.scichina.com
https://doi.org/10.1360/SSPMA-2024-0435
https://doi.org/10.1360/SSPMA-2024-0435

SRS, P [ERLY: WELE 7% RIC¥

2025 4 55 11

WIS, HR KRS AT A A I B TR B S5
EWEL. ENENSARIRZR 50 I i B A BRI 48 T,
HoH B S AR O P 0 I ) o B BRI IS4
JE I RAJE T, eAb, AR AR TR 5 —
KEUEHZE, Mk RE WS = T/EAR
() A BREAA) S Bl RS 70 1 T S 36 = 3 ) ol XU R
G N AR T, Bl T B B B A R Gk g ) s
6 X 35 S i Ak P D,

Hp [ B B b T S0 5 HA(TRTARCIPL-1T) 2 W 75 5
BE1112400 mA AR T, A2 307 m?, & H
(RN S sl 1P~ a7 NS =W SR L6 5 /3¢ b: (I M =L
5] 5% H KRB J At 5 it < AR R b B AR AR T i A 3
S T it (1 AR i B R Wit ) R FECIPL-TTER B 17 . A9
R RN R b S K 2 [ () A ) Il R, B K 7
CIPL-TI B ¥ R G AP K INEZ, ) &) 5
=S EME R B Hdh, ke Z g7
E L, MAEISM A& RS 2. HDPEZ. &
BRI E . REVKEREE. REEKER. B
FETHEZ MR EERER 2, 18 7ECIPL-TI 7 BE A
[EIEiRer i A=Y -Renny b J TR p ey sy T kWit
B R K R SR S BN N R BE I EROR, B KA
SJZ B 5 CIPL-TIEE /N M R 23 () Ve [ N BT A S 36 7
BN T8 KBS RS MR R TOURD, SEEL T
AR A . [, CIPL-ITE R T K&
FISIe =B KRS,  LAAE/INE24000-45000 m? (37 &
) S 6 E A A S BT E L HBq mT Y FAIHTA,
T A A S = R

Ao BT ES B AR T AT 2 S REIREE DA
T BT RTINS A T 11 T ik = 7 THD DA B 7K T A
TREMIRCR. FEB KNG )2 v B T], A FH 2% i &8
RN BRI & T A A B KIS ES T2
MR, VRS EAMHIROR. AR K S0 A TR ST Rl
J&, A8 AlphaGuard & FE ORI 45 2 i Al g i 2 1%
53 I B T S v Y A AR R B DL R A TR Al
RS AR, APPSR TR 25 & 80k

2. MRERE

21 RESHERNE

211 RESMERNERE
AR AT H R0 — SR SR A R R A TN R i

Prif e, EAERRENRRE MR HERE
AR AT A, JREI R OFRFIR I
ST R AR R A S B2 @F T RS0
ERERN, NHERY HUEN. I, SN
22 1) A0 R H P T R T PO AT HE R, AR A R P T
72 TRV AR FE AR A B A m i Aot

4D _ b e+, (1)

Horp Ot e 21, BAIBq m™>. JONFE IR I
TR, BAIBq m™T hL INERI TR L AR
YRR, Bfim. VNEECEAR, Alim’. KRR
TR, MAHE KL, BABg h"

BT AR R B R A, &R TT D2 AN
i, IEVILEEC(t = 0) = Cy, CoNER B NVILAE
W, B Bq m™, AT LIS H

Ct) = 21 -e ™)+ Cee ™. )
XHRE I A5 B &R AT B/ — e A, 15
BT H %

Jetoy, k=

e 2 N 25 RHZ T G AT AT, /214
T3 (AT HH AN AN E L

1,2,...,n.

Ji
Zk?
= 3)
Zk;kz
1
0= =1 (4)
zk;kz

R ARG EAEIS% B AF KT N 23 Mk
PRL . 2 Hh A5 IR TR TE AT H s L T, S &b
HER A E S
L.=1.645 0, (5)

212 RESMERMNELE

AR SR T AU T H 23 B0 B A P S A B A R Ao
RIHTH A, SRR R IORE (7 B 3 T 2R
T, AT DAY B A B P 8 A AR AT L S
DR-A3ZRIEA NI RHE N R B AR, T4
S ANRF IR 22 B, 1 s A IR 77 A D Al B

111018-2



SREKTESE. o ERLS: Y3 D)% RO

2025 55 1M

SRR W LR B S AT BEAEAE AU Bt
— R, FHSY-2L A S AR AR, AR
FIAEAC R AT B, BRI 5 A1 P B e B, {8
FH 2 R IR 2 T FINRM-PO 1A 385 28 00 443 ) 42 4
B P AU BE B IR ) AR 1k

213 FREASMERMNESMNELE

FECIPL-IB KA AUZ W I, 76— e s Ak
YOO B 5 25 BE DL R B K I EUZ 7 )2 200, 43 &R
&1L, HDPEZ. #HEKIKZE . BEAEWKED K
Z REABRIRE . RABNRZEMEDREEREZM
RAENT H 2T T OIH M &, A T 272000
&=, WE1ATR.

B K2 2S5 R G, XFCIPL-IIFAL. A2,
Bl. C2. DIFID23L6ANLEGIT, 30/ s AL 1 B KA

JEF AT RTINS T IR B AL
BISI AR RS T IV B RE b AN s AR T 24K
D, B S5 A 2.

BEA s A7 B B 32 Ay g DA R 44D R

O FFNRTEEYE . TS, FRGERER, x4
SRR AT B B A

@ff RSB S 2 S A s S T B
e, M TR ER A A S5 RN 2R A 1 SR TH R FH R
B ST B, PRUFSEACER PRI G I FE AR
—3. fENEBKMEES T2, RAFHREAS
HEAT B, KRR T A6 SR P AR B AT AR AR 1
KF

QLA BN ELCGHIAT S IE R, [ H%EM
BT BT S BB B, ARG I a A,
I v B A BAC L h, SR E6 h.

B 1 PR IE)Z & T2 AN RN E I

Figure 1 Measurement site for radon exhalation rate on various process surfaces of the waterproof and radon-suppression layers.
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Figure 3 The radon concentration curves and fitting results from the radon exhalation rate measurements of the rock wall (left) and the rapid-setting

rubber layer of the waterproof radon-suppression layers (right) at CJPL-II.
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Measurement of radon exhalation rate from the surface of
cavity and effect analysis of waterproof and radon suppression
project in China Jinping Underground Laboratory phase 11

ZHANG QiuLi', XU PengCheng', DAI WenHan', ZHANG Peng', JING MingKun',
XUE Tao', MA Hao', ZENG Zhi'" & CHENG JianPing'*"

! Department of Engineering Physics, Tsinghua University, Beijing 100084, China
2 School of Physics and Astronomy, Beijing Normal University, Beijing 100875, China
*Corresponding authors (ZENG Zhi, email: zengzhi@tsinghua.edu.cn; CHENG JianPing, E-mail: chengjp@tsinghua.edu.cn)

Radon is a major contributor to environmental radiation in underground laboratories. The Deep Underground and Ultra-
low Radiation Background Facility for frontier physics experiments (DURF), a National Major Science and Technology
Infrastructure Project, is being built based on phase II of the China Jinping Underground laboratory (CJPL-II). Through
the installation of a new ventilation system and a waterproof radon-suppression layers, radon in the underground lab air is
effectively controlled. To assess the effectiveness of the radon suppression project, including the impact of the waterproof
radon-suppression layers on radon exhalation from the surrounding rock, as well as its overall effectiveness in reducing
air radon concentrations, a surface radon exhalation rate detector was employed to measure radon exhalation rates from
various surfaces of the waterproof radon-suppression layers. Additionally, radon concentrations and gamma background
from radon progeny were measured using the AlphaGuard and a portable high-purity germanium spectrometer before and
after the radon suppression project. The results revealed that following the installation of the waterproof radon-
suppression layers, the surface radon exhalation rate dropped to less than 1% of the rock exhalation rate, with all
experiment halls showing exhalation rates below 0.1 mBq m ™2 s™'. The count rates of the characteristic peaks of *'*Pb
and 2'Bi in the in-situ gamma spectrum were reduced by about 60%, and the contribution of radon progeny *'*Pb and
21Bj to the characteristic peaks in the spectrum decreased by approximately 20%-40%. The radon concentration in the
experiment halls decreased to (20.3£0.1) Bq m, roughly one-tenth of the pre-construction level of (208.0£0.1) Bq m™.
These findings demonstrate that the radon suppression project successfully lowered radon and its progeny concentrations,
laying a strong foundation for maintaining a low-background environment in the Phase II laboratory.

China Jinping Underground laboratory, waterproof and radon-suppression layers, radon exhalation rate, Radon
concentration
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