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Research progress of China Mianyang Research Reactor and its scientific platform

GUO Yuchuan QIAN Dazhi WEI Hongyuan TU Xiaoqing

(Institute of Nuclear Physics and Chemistry, China Academy of Engineering Physics, Mianyang 621999, China)

Abstract China Mianyang Research Reactor (CMRR) is a multi-purpose and high-flux research reactor, which is
built at Mianyang city of Sichuan province. Focusing on the efficient application of reactor neutron resources, three
scientific platforms are gradually built on CMRR, which can carry out material irradiation effect research, radioactive
isotope production, neutron science research, efc. CMRR reactor adopts the design of normal temperature, normal
pressure and deep-pool submergence to ensure the absolute safety of reactor in various accidents. The anti-neutron
trap reactor core is designed to form the peak fast neutron flux rate of 3.4x10™ n-cm™-s™' in reactor active region,
and the peak thermal neutron flux rate of 2.0x10" n*cm™+s™ in the heavy water tank with sufficient experimental
space provided for material irradiation and neutron scientific research. In this paper, the basic parameters, structure
design, layout of CMRR and main research progress of CMRR reactor in material irradiation effect study,
radioactive isotope production, neutron science research are comprehensively and systematically summarized.
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Mianyang Research Reactor, CMRR) . CMRR [1] #E
ThE 20 MW, 2012 38 i F K 56 Wi, 2013 429 A
AUFIE BT o 2SS HE 78 5018 %5 [ A1 1l 2
B FUHE B30, SRR T UL SL-AUREHIACIR
PR A A R s HE S o SRR HE SR FH A8 b 1 B i 2
Bt A bR L A e U A A ) B SO X, HEGES
WX R KR R #3.4x10" nem” s, H
IKAE N B R IR R 2.0%10% neem” - s,
87 HE B T AR SN 1 R

#1 CMRREFZERARSH™
Table 1 Main technical parameters of the CMRR

reactor""
2 & Parameter 23 Value
SN HEZS T Reactor type W= FLHE Pool-type
research reactor
ZHFZ7 Assembly type HCRZH A Plate-type
assembly
BRBIET Fuel type U,Si,-Al
JiE 252 Flow channel type SRS

Rectangular channel
BT GE AT M BE) Flow state FH _F 7 5% 38 1§ 25 Top-
(operating stage) down forced circulation
A (5 HE B BED Flow state FH R T L H 24 9% 3 Down-
(shutdown stage) top natural circulation

A #H17) Coolant %K Light water

81k 71 Moderator %7K Light water

J 5} )2 Reflector /K48 Heavy water tank
e i R v -7y 2 2 Peak fast 3.4x10"

neutron flux rate /n-cm™-s”'

I 5 #4477 9% B 2 Peak thermal 2.0x10"
neutron flux rate /n-cm™-s™

HE BN 1 /K R Core inlet water 35 °C
temperature

HE S 7K R Core outlet water 42 °C
temperature

— [n] % LU Flow rate of 2 500
primary loop / m’+h™'

- [n] % S AL Flow rate of 3200
secondary loop / m’+h™'

eI I AR AR TG A5 e o7 HE i 5 8 it e
B, H AT O R A ORE S R A ST 7 T
A AENE RSN S S X T W S e S = b ev-
RLRERRRE KA R A B B2 e Y [R) 2 3K [~ 4k oh 5
HIUR RE AR PS5 RS 1 S EAE A

1 MREERINARTES

I A% H sl ) v 0 L K 5 o T i 22 4 T 1)
e JE VAR T 7] e A% BE A 28 F 6 76 5K, MR 3 A
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HIF 50 HE v 748 B BT IR, I S AL R A R A RS
W AN MR 0T 7 TR R SR A R 3
P, 0 R B BRIk Rk R B G H B,

i R g FE AN 7T 5 5K , CMRR HE P AT
BAZ N EEBERILE. KIEEREZIEE &
K, EAH R B AL 5 K B AR R R B L R
EEREE NHREESEEEEREE . R
s B 12 fRo
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E1 SRR IR B 2 s i B R I IR 45 5O
Fig.1 Diagram of typical structure design of irradiation
device (color online)

B2 nIL58 i SR R e B
Fig.2 Snapshot of typical irradiation device after processing

WRFE W5 AT RHR IR ST 721 &, B 58
R F5 = 2 B R R T4 (Accident Tolerant Fuel ,
ATE)™ [ U-10Zr & G R R R BRI s 4l
A R IE A Bk 2 AR/ I R 4M (Reduced Activation
Ferritic/Martensitic Steel, RAFM) /25 5 B PR AL 12 k%
BEANHERRIE . Forb, o R 0T ] B 39 7Y ATF #0RHIE
TN HERE I, 12300 T A BN 328 v [ A% U8+ K
RHL 3 .

BB AN AR [ S 20 SR SR AR e A Je it 9t 4 T
TH&I, T CMRR HE4E I LIS, @i 1 B R RIE R
A ik 128 [ 285 48 5 7)) HE A7 28 IR i R R
SO PERE B L LI B 71 & (&30 125258
& ) T 25 RO B R AE TR IR B RE  OF
F T 3RS0 2 B AE 47 i S i~ ol & S A7 B
AR RIRGE S5 L8 T2 H AR L. KIE %
&, 58 1 % Li,Si0,(7.5% °Li) +Li,8i0,(93% °Li) Al
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3 TEZRRME AR 1% S B P CR2 ] LY 2% hiOD
(a) BA%RE BRI, (b) HA%%E B A1t
Fig.3 Online tritium production performance testing
experimental device™ (color online)
(a) Sectional view of the testing device, (b) Detail design of the
testing device
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BT 0, P 5 A 240 7T T Bl 98 CMRR HEiZ
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Fig.4 Snapshot of sodium iodide["*']] oral solution (color
online)

2) H B TR Yb/Lu sy BT MR, BN
RO A EE R BRI TLu AR
i T B 4T TS 2 BRI 2 5 E 3 S (Buropean
Medicines Agency , EMAD biifE, JHAN T EAN S H L $T
il 1 E br2E W, © B AR E P 2 S0 ST LR A
BB, w2 fe kAR E G 258 R R . IKIEE &
16" Lu, FF & ""Lu-DOTATATE 3 23§ 24 Cllfe R 3& o
YiE N 15 W IR 22 P 0 WA PR D W e (I 5D, I EL S8
3 A PRSI T VE M H R, T 2025 4R AR A
WL ARid 254 1E 20 BT
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Fig.5 Snapshot of '""Lu-DOTATATE injection
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3) L A R R AR ] £ Mo A 7= 6, ®Mo
EPE B 7.4x10° Bg/4E, BILE 58 B VR AR 77, P Mo
S RS R 2 70% , 7= i TR SE K AR (299%) , “Mo 7=
sl JO B9 L 24 i JRURHR B SR ( 6) o R A& 457
10 000 37 *Mo-""Tc k4 %% (HUH% N 18.5 GBg/ )
BEARE ST, FR Ve = B E A U Te IR AN S B
2024 4£ 7 H 3k % 5 S5 [ E 24517 H20244390 177,

El6 “Mo-""Tc KA A
Fig.6  Snapshot of “Mo-""Tc generation

4) TRV IR PR 545 RS 1 72 3l 70
5 UBRIE BEAETR I &= i Bh AR 25 3 B SO0 S
FCLY T ORI 4 4 B R B BN, 56 R & 24
A7 & & Y (Good Manufacturing Practice,
GMP)| 5 4 P2 SR B ECLY 13 3 sk S ik
PR Y, B 7.4x10" Ba/IR AT RE T, 3RS 1Y
FCLY 133 TR 25 B $i8 Bk 35 1% 31 [ 4 [7) 2 7
s 7K, LI N D A R R e i —— T 207
RN o TR YRS A SN ] 5777 N VA K-
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3 RTHEYS

HKHE CMRR HE & B T RLH2EF &, g5
R 7 44 3% Neutron-sources.org U3, & H aif E I
BTN B AT A R A B R R 2 PR
BAFEMGAE R TR

2013 4F, kb P B B Wl 6 & Hh 7 HU
I 2 & F R 23 B IR, NE N
2013~2015 4 & 1 -+ KZ R ™ . Hil, &

Wil 25 2 P 45 e [ 5 /) A1 v 1 RS U A B /S A
RS ACE A 5 G G Sl T 13
G T U RO 2 & R A B, CMRR HE
TRV B B AT R 7 B, BAEECS R E
T2,

#*2 CMRRHEFRZEFHIEMNLEZE

Table 2 Spectrometer and device in neutron science

platform of CMRR

FFs WA R E

Serial number Spectroscopic instrument

1 1573 HE TS % A (High-Resolution
Neutron Diffractometer, HRND)

2 HhF B 74 BT BT A (Residual Stress Neutron
Diffractometer, RSND)

3 = & BT AT 5 1% (X (High-Pressure Neutron
Diffractometer, HPND)

4 KR BE 7 i1 5 1% 4% (Large Scale Neutron
Diffractometer, LSND)

5 W N BLCST RE X (Small-Angle Neutron
Spectrometer, SANS)

6 AT I TR B AR TR SO B AY (Time-of-Flight
& Polarized Neutron Reflectometer, TPNR)

7 FB - R IR PR 28 (Neutron Standard Test
Beamline ,NSTB)

8 I JE 1] % /N f R T S B 41X (Spin Echo
Small Angle Neutron Scattering Spectrometer,
SESANS)

9 G - LR B e [5] 3% 15 {X (Longitudinal
Neutron Resonance Spin Echo Spectrometer,
LNRSET)

10 #oh ¥ = #i{X (Thermal Neutron Triple
Axis Spectrometer, TTAS)

11 /N R R RE A (Ultra-Small Angle
Neutron Spectrometer, USANS)

12 o AT SRR B 7 3 2 (High-temperature
Engineering Tensile Spectrometer, HETU)

13 BN A - HURHE X (Ultra-long Small-
angle Neutron Spectrometer, LUOSHU)

14 FAurr 7 HEAH %% B (Thermal Neutron
Radiography Facility , TNR)

15 ¥ i 7 B8 A 3 (Cold Neutron Radiography
Facility, CNR)

16 A TR E 53 HTX (Cold Neutron Depth
Profiler, DP)

17 W A A 5 oh 3 K 3 Hr AX (Prompt Gamma

Neutron Activation Analysis, PGNAA)

3.1 TSR

BT AN LG 5 % I ABAE R TT R
BRURREE RS 1, R W AU R EE R AN By ) 2 AL
RIS HEE R BB T R . XSy Rl
THUS BRI AL BB B TR S UK
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3 KITm D P TATAHE (I Na B 7 it P
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] e S —eie ';;E‘ T “enr
e e 2o ®. ~ J,
= - ] 3 x4 ‘-’, NSES M
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g NBSS LSND
% HRND—High Resolution Neutron Diffractometer CTAS—Cold-neutron Triple Axis Spectrometer
o RSND—Residual Stress Neutron Diffractometer CNR /NDP / PGNAA—Cold Neutron Radiography / Depth
HPND TNR—Thermal Neutron Radiography Profiling / Prompt Gamma Neutron Activation Analysis
RSND LAY D HPND—High Pressure Neutron Diffractometer SANS—Small Angle Neutron Spectrometer
TTAS Q TNR CISS—Cold-neutron Inelastic Scattering Spectrometer ~ TPNR—Time-of-flight & Polarized Neutron Reflectometer
USANS—Ultra_Small Angle Neutron Spectrometer NSES—Neutron Spin Echo Spectrometer
TTAS—Thermal-neutron Triple Axis Spectrometer TOFS NBSS
NSTB—Neutron Standard Test Beam-line LSND

7 AR T FUHE R TR G A R CR2 FE LI 2 O

Fig.7 The layout of instruments in neutron science platform of CMRR (color online)

8 PN CKUIECR L P 10 Vot T =SS G B LB 4D
Fig.8 Snapshot of residual stress neutron diffractometer™

Fig.10 Snapshot of cold neutron triple-axis spectrometer”*
(color online) '8 P . ple-axis sp

(color online)

|

 Sample
Changer

B9 & ar b T AT O T CR B L8 5O 11 & AT ST B CRE T L 28 Wi
Fig.9 Snapshot of high resolution neutron diffractometer”” Fig.11  Snapshot of high pressure neutron diffractometer”™
(color online) (color online)
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Fig.12 Schematic diagram of the thermal neutron imaging
device™ (color online)

E13 v RS s R A
Fig.13 Schematic diagram of the cold neutron imaging
device"
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Projection Images of Partial Super FOV Reconstruction
Sample Results
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Fig.14 Results of neutron radiography for typical structural
components'*”
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Fig.15 Neutron radiography inspection of U-10Zr alloy fuel
after irradiation” (color online)

E16 AR - IR AR B R
Fig.16 Inspection image of leaf residual core by neutron
radiography™’
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