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Abstract

At present, the start-up of pressurized water reactor is mainly through the external introduction
of neutron sources, such as the loading of primary neutron sources and secondary neutron
sources in reactor. The introduction of neutrons increases the neutron background level of the
reactor, enabling the neutron probes of ex-core nuclear measurement instrumentation to obtain
effective detection counts, thereby ensuring that reactor reactivity is effectively monitored for a
safe and controllable start-up. However, the nuclear fuel itself in practical nuclear reactor can re-
lease a considerable number of neutrons. How to make full use of the neutrons generated by the
spontaneous fission of the core nuclear fuel, through nuclear fuel design, fuel loading methods,
detector layout, detector selection, etc. to achieve a safe and controllable start-up of the reactor
without introduction of neutron sources, is one of the important research directions for reactor
design. Through analyzing and comparing the characteristics and performance of a variety of
neutron detectors, and practice experience on the VVER passive start-up design and implement,
this paper provides some ex-core nuclear instrumentation design suggestion for CAP1000 type or
new type reactor design with low or without neutron source.
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Table 1. Comparison of neutron detection methods
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Figure 1. Schematic structure diagram of counter tube [5]
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Table 2. Comparison test of three counter tubes for neutron detection [8]
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Figure 2. Schematic layout diagram of external nuclear measurement instrument for C-2
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Figure 3. Schematic layout diagram of NFME
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Figure 4. Schematic layout diagram of external nuclear measurement instrument for
CAP1000
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Table 3. Comparison of source range (or physical start range) channels for multi type reactor

3. BNAREREGIER ) EEX

RBHE BESARR O R R WETEE
i R (U=E2)) HE (cps/nv) ) Th& T P83

ISR, %y A

1 — it W IE LTt ) ~8 13x107" (1.3%x107 R, (HERIAS R
- BE ~1.3x10° ~1.3 x 107)%RTP %, ZERIE S
FEEEEER.
2% R, Hk
*He IELLit 4 ~50 3x107° 2175 %1010 Mg, REEE v
¥ (4] ~5 107 ~1.25 %107 %Nwom AR, AEEHER B F
(REEE ST NET S
2 VVER
FH - HE R A
BF; IE it 3 - 4x10nv ax1o?t SR AR 28 N AALE,
4] ~4 % 10’nv ~1 % 10™)%Nuom KA T BAR R
BF; il 2%
PRI ES L 2 F %
BF; [ELLit 1 %10 'nv 1x10? M, EHTESE v

e, HAFRR,

E: (1) RTP RARBUE R Noom 28 TREH FIERZ,

DOI: 10.12677/nst.2018.64014 122 MR A


https://doi.org/10.12677/nst.2018.64014

18, FHE

1) JBIHEMERL IR it 5 2R TR i as S IL BB« R UL S R BRI HE A% I 3R G255
BIAER, LR 2 X HERRTT %, AR HEIMZIN R R R TR RE R, BREART, 3
ARV KA, AFRRAA R IR O, 8 P RIS EBoR, SRBCESNA RIAL B A5
A B IR . A T HESMZ I R SR BRI A Ak BE ZESRALAL D5 1A

2) ACHESMARI S AT, s HEAMZ I R TEVE . CAP1000 HE 8 ) i 24 19 i 7 25 4% S S A HE A
IR A M EALIE. — AN ARG AMERIEOUT, " LUE T BUE BIE4T A\ B RE A R SR 4L
SO R B ZR DAL TR A BRI DL 53— 7L, ORMEAMEIN R SE I S SR O T 2 AT RE, 40
AR Z BN A ARG B AR & 0 7 2P PR AR R B AR, DU A HEAMIG
I PR BN HE 2 4 R Al

FETHZIN R GEXH ORI &5 BT #4039 B O TUCRE AT 57 Bt DABRTFHESMZ I R GE e
RESTo X TAFERIBORI A IR B DL, (B0 2 RN EM ZEMHBR T, WREETHF EE Y
M AT TR A 00 AN L BRI R Gt B B ] R USRI ARy, BN He-3 THECE, Hahnas 2
DU BANGE AR B, W A I AT A R, DLE BRI SRR M A 10 A7 iy o AR TE TN /R 3 SR 20sf
R

SEEk

[1] US Nuclear Regulatory Commission (2007) RG1.68 Initial Test Programs for Water-Cooled Nuclear Power Plants.
Washington DC, March 2007, Revision 3.

[2] BRI, mHE. B R TTIRER R SR I]. BHIHT S R, 2015(9): 21-22.

[3] BE#HZE. s RMNHETTIEER RS [Cl/F EZ %S, NESRE T HE SR TSRS E [ N HEY)
PSS 2010 45, #8742, 2010: 1-5.

(4] BTN, S0, BRI, 55 AP1000 5 VVER1000 HESMZ IR G it B M )], i T2 S IRIEOR, 2014,
34(5): 671-674.

(5] HR/RHME, i RRPHECCRIMI. PU%: P9 %308 R ik, 1999.

(6] M), B, F175T B4 Hit M310 HERY[E P (U HESMEZARTI B2 £33R [J]. #2HT 5 STRIECR, 2013, 33(7):
860-864.

e, e, &, F VR RS RIURE K EEHAD]. BHEEERE THE, 2016, 2016(14): 89-96.
[8] BEMRME, WHMEIX, BEICH, 25 FITHch FHRI IE LB YERET T[], ¥ T2 SHRIEOR, 2007, 27(2): 367-371.

[91 ZECX. WA 1 SPAwE)EshEN[Cl/h EZES. B+—m N HEUE TR AR Tz B RS E
2006 4F S HEYIBE 231 2006 4E3. WS IRIE, 2006: 612-622.

—
N |
—

Hans X
KRR R KBRS

1. FTHF%nM T http:/kns.cnki.net/kns/brief/result.aspx?dbPrefix=WWJD
THIFIRHEESE: [ISSN], HAHITI ISSN: 2332-7111, BIA[ A
2. FTHEIME T http://cnki.net/
Ao« EBRSCERA R HEN, A SCERRRE, BIRE

hmiE S http:/www.hanspub.org/Submission.aspx

WITIMRAE : nst@hanspub.org

DOI: 10.12677/nst.2018.64014 123 MR A


https://doi.org/10.12677/nst.2018.64014
http://kns.cnki.net/kns/brief/result.aspx?dbPrefix=WWJD
http://cnki.net/
http://www.hanspub.org/Submission.aspx
mailto:nst@hanspub.org

	Analysis of the Influence of Passive Start-Up of Nuclear Reactor on Design of Nuclear Reactor Nuclear Instrument System
	Abstract
	Keywords
	反应堆无源启动对堆外核测仪表系统设计影响浅析
	摘  要
	关键词
	1. 引言
	2. 堆外核测基本原理
	2.1. 堆外核测仪表系统
	2.2. 中子探测器原理

	3. 堆外源量程中子探测器介绍
	3.1. 涂硼正比计数管
	3.2. BF3正比计数管
	3.3. 3He正比计数管
	3.4. 可能的替代探测器-裂变电离室

	4. 典型核电厂的源量程(或物理启动)测量系统对比
	4.1. 二代改进机型——恰希玛核电二期
	4.2. VVER机型——田湾核电一期
	4.3. CAP1000机型—海阳二期
	4.4. 各机型使用的源量程(或物理启动)探测设置比对

	5. 结论和建议
	参考文献

