PETIEME 2024 F F26% F2H)

DOI 10.15302/J-SSCAE-2024.02.015

HE N NI FAZEN NI A R
RN, MW, RS, RS, bR, 5,

AR, PR, X, RPHIRS, OB IS1EA

(L AR E RS, W ART 8 266199; 2. IR KRB H AR FTRE, $FF§ 2500615 3. IWARE 7R %
HARFE SIS, (WARE S 266199; 4. 1Rl (FEEK) PIARARAR, X 401331;
5. BT EE (FE) HREERAR, IHARF S 266041)

WE: LN EEEH) Zeh hBEEEE %4, MRS, KFESSREMS, ERtlgesg. LB, B
75 ()b (R REIR BN 77 R R AT ST AE NP B PER E 1 RN, ORI REIR AL O B SR A 1E, T AR MR I
VERZ B 1 R SRR 9 HE B FR [ M e 25 45 e TR DB RHOH I OGN 2 . ARG T IR B I N g st 5 R B # R, W
REFE. ARFMER . WFHIBUIRSE 7 T R G T VS HEAZ 30 110 R RS, G AEINT T B R S a5kl . — i
KEEW A BEIF L E 58N itk RN RS PER B J G RR . 3L S WF ) T 4 3R HE IR REA% ) /) 1 I
HIREBRER, $Ei TR EIEEZS) . miRE I EZ 1. — b4 B RGP S I A% B S S T AT HR
PRk WEARE, SRALATHEMERLE LI ARG . NP B 2 &RV TR, AT R ME AN K BEVRAR IS « 0P b it i
%, WEEREHAT RN @RS Ak R, 5805 AR 55 ] S R e S HE B % s s Uk &
KRR VI RONIME TEAZSN ) TR DRRAZRYE: BB

hESES: TL413  EFFIERE: T

Development of Lead-Based Reactor Marine
Nuclear Power

Wau Yican ">**, Bai Yunqing "*°, Li Chunjing*>, Li Yang™>°, Liu Shaojun"?°, Wang Fang"*°,
Jiang Jieqiong"*>, Wu Qingsheng', Liu Chao"*, Zhou Danna™>, FDS Consortium

(1. International Academy of Neutron Science, Qingdao 266199, Shandong, China; 2. Institute of Nuclear Science and
Technology, Shandong University, Jinan 250061, China; 3. Shandong Key Laboratory of Neutron Science and Technology,
Qingdao 266199, Shandong, China; 4. International Academy of Neutron Science (Chongqing), Chongqing 401331,
China; 5. Institute of Neutronic Energy Co. Ltd., Qingdao 266041, Shandong, China)

Abstract: Lead-based reactor nuclear power has the advantages of inherent safety, compact size, light weight, long service life, and
high efficiency, and it is widely applied to advanced marine equipment, unmanned underwater vehicles, and deep-sea space stations
for energy and power purposes. Conducting research on lead-based reactor marine nuclear power is key to the technological
innovation of energy and power for marine equipment in China. This study clarifies the application scenarios and development
demands of marine nuclear power, summarizes the development status of lead-based reactor nuclear power from the aspects of
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technical characteristics, representative applications, and research status, and analyzes corresponding key technologies including
nuclear fuel and cladding materials, key components in the primary loop, coolant processes and oxygen control, and advanced
power generation technologies. Moreover, the study explores the development challenges for lead-based reactor marine nuclear
power and proposes there feasible technical routes: low-temperature lead-based reactor marine nuclear power, high-temperature
and high-efficiency lead-based reactor marine nuclear power, and integrated natural-circulation lead-based reactor marine nuclear
power. Furthermore, we propose the following suggestions to promote the leapfrog development of marine nuclear power in China:
(1) strengthening research and development (R&D) of specialized technologies for the lead-based reactor marine nuclear power and
accelerating the deployment of demonstrative projects; (2) incorporating lead-based reactors into the country's major energy strategies
and creating a standards system; (3) establishing national joint R&D centers and creating new models for technological innovation and
industrial development.

Keywords: lead-based reactor; marine nuclear power; marine equipment; deep-sea nuclear power station; unmanned underwater

vehicle
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