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Xenon poisoning calculation code for miniature neutron

source reactor(MNsR)
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Abstract In line with七he actual r。quirements and ba8ed upon the 8peci矗c cllar—

acteristics of MNSRl a revised po_mt—react。r modcl wa8 adopted to model MNSR‘s

xeno“poisoni“g．The correspondiIlg calculatioIl code，MNSRxPCc(xenon Poison—

ing calculation code for MNsR)，w越developed and te8ted by the shanghai MNsR．

data．
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l INTRoDUCTIoN

The MNSR，developed by CIAE iIl M盯ch 1984，is a siIllple，s小，reUable and cheap

nuclear facility without a丑y potentiaI radiation毋bct on the eIIvironJnent and public do—

m出1．It caIl be constructed at research iIlstitutioⅡ，hospitals or trailling centers in city

areas wnh dense populatiDn for the purposes of丑eutrDn ac“vatjon analy5i5，medjlun—
aIld short一Ⅱfe radioisotope preparation and personIlel trailling fbrⅡuclear technjque ap—

plication．Up to now，there are nine d0Ⅱlestic and overseas MNSRs

hl order to gu盯antee the ir山erent safety fbatllre，some e他ctive measllres in physlcs

design are adopted， such as llIlder-moderated reactor core，liⅡlited excess reactivity，

etc．Because the iIIi“缸cold excess reac虹vj时of MNSR js s￡rjctly m血ted to 3 5～4 0 nlk

(1mk=10一3△南／南)，whjch is not enough to overcome the eqmlibriIIIn xenon poison and

temperatllre negative reactivity．Therefbre the MNSR’s operation can oIlly be de丘ned by

the xeⅡon poisoIling，that is，the MNSR caIl only be operated in an inteH工littent mode

Tlds feature拈dl珏色rent from other research reactor and pdwer reactor，thus p艄ticul甜

xenDn reactivity c“cmation method is reql血ed．

A comput盯software for modeling the MNSRls xenon reactiVity was developed It8

model，method，and calclllatiIlg process for MNSR’xenon poisonmg are descr主bed in thls

缸ticle The calculated values for reference reactor，Shanghai MNSR，are also aIlalyzed
and discllBsed．
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2 ANALYZING MoDEL

Xenon poisoⅡing is signi矗cant to the reactor operation because of its nIunerous

thermaI neutron abs叽ption cross-section and its relatiVely large矗ssion yield．Depending

on the particular nux behavior 0f djff缸ent opera“ng modes，tllree parts were included：

i．e．1 xe工lon poisonillgs f0Ua丽ng stan-up，shutdown and power level changes In addition，

xerLon poisoning ver8us b唧一llp leVel w懿also analyzed．

ActuaUy，xenon_poisonjng reactivity is spatiauy dependent An appro】【imated method

was ap曲ed in tKs r印oIt．The detaikd model is depicted in Fig．1．First，2一山mensiond

or 3一diInensional code【1J is used to c甜culate the equilibrium xenon—poisoning reactivity，

wlIl血is dependent spatidUy on the average neutron aux of core Thenl homogeneous

reactor(n锄ely'point—reactor model)is considered Here a revised poi工lt—reactor model

was ad。pted．

Let us suppose one—group treatment is applied，in the Ught of quaUty conserVa“on

and simpli矗ed decay sch锄e of 135Xe，the di舵rential equations for the concentration of

135I and 135Xe are as foⅡaws：

掣：饥∑f垂一AIⅣI(￡) (1)

掣=7船f垂仙哪)叫时孝垄)Ⅳxe(￡) (2)

whereⅣ)【e(t)，ⅣI(￡)are concentrations ofl35Xe孤d 135I at tiIne t；他e，n are Iission yields

ofl35xe aIIdl35I；Axe，AI are decay constants ofl35Xe aIIdl35I；Efisthe e唧、埘entmacro
矗ssion cross—section of the core；砖。is the。q血Valent 1llicro thermal neutron absorption

cross．section of 135Xe；空is the average neutron丑ux of the core，

hI Eqs．(1)and(2)，variables讼e，饥，Axc，and～甜e constant．H the equiValent

cross—section，∑f and西。，and the neutron nⅡxes，壬，can be deterIIlined，and the initi“

coⅡdjtions，Ⅳxe(o)andⅣI(o)are known，the tjmebehavior of the concentratjon of”5xe

aⅡd 1”I，Ⅳ)(。(t)，andⅣI(t)can be easily obtained

Besides，we know tha土t11ese conc曲tTations may eventuaⅡy reduce to equilibriuIn

levels at some tinle foⅡowing start-up．The reactivity，wmc}l the xenon wm contrjbute at

its eqldhbri岫1evel，is cdⅡed as e州Hbrium xenon—poiso面ng reactivity n is expTessed

a8户xe(o。)甜ld written approxiInately as fbⅡows：

阻(咖掣赤 (3)

∑R is the average macro thermal neut删n
cr08：?。ction

of the core

Lattice spectrm calculation code，WIMSD一4⋯caⅡbe used to get few group con

■

J

stants，such as e疗毛ctive thermal neutron矗ssion cross—section∑f and thermal neutr。n

absorption cross—section∑a，inc王udiIIg constants with equjlibrium xeⅡon poisonjng and

without xenon poiso血g aIld the const柚ts versus burn-up level_ 3一dirnensional矗nite一
。

di瓜rence di跏sion code，CITATIONf2】can be appⅡed to attain the equjlibrill工n j(enon一
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poisonmg reactivity and the aVerage neutron矗ux of core at rated pdwer or other power

level． solving expression(3)can get the eqllivalent thennal neutron absorption cross—

section of 135xe，盯耋。．solving equations(1)and(2)，We get the solutions：ⅣXc(t)and

Ⅳ工(￡)．And，the tinle behaVior ofnegatiVe reactiVity due to xenon，Pxc(t)is越so obtailled

easily by the foUawing fornmla：

砌，=掣竽 (4)

2．1 Xenon poisoning fbllowing startup

Suppose that we suddeIlly bring MNSR to a steady—state nllx leVel圣o at tjme￡=0，

and fhthermore，we wiⅡassume that prior to tllis time，the reactor has been m shutdown

state with z盯。矗ssion product poison concentTation(i e，clean care) Na柚ely，the血itial

conditions for Eq(1)and(2)areⅣx。(0)=ⅣI(o)=o．o
2．2 Xenon poisoning f0Uowing shutdown

Suppose now that an盯operatiIlg the MNSR reactor for several hours at a constant

flux level垂‰，we suddeIIly shut the reactor doWn．Therefbre，the neutron丑11x can be set

zer0 The concentrations of 135xe and 135I at tirne t=0 are as foⅡows：ⅣI(0)=ⅣI(￡1)，

Ⅳxe(o)=Ⅳb(￡1) Here，￡l is the duration of reactor operation at a giVen power kVel

2．3 Xenon transients following power level changes

Suppose that MNSR has been 0perating for￡1 hollrs at power level P1，then transit

to operate at power level P2 suddenly．If we assme that thjs出ange occllrs at仁0，we

c aII solve the equations(1)aIld(2)as an injtial value problem with nux丘om岛to吼

andⅣl。(o)=Ⅳx。(t1)，ⅣI(o)=ⅣI(￡1)．
2．4 Xenon poisoning versus b11rnup level

The nuclear prop盯ties of MNSR change with buInup，and the behavioT of xenon

p0is011ing chaⅡges，too． The few group constants with b11r唧leVel can be obtained

using program modllle WIMSD一4，then the module CITATION can be used to calcu—

late MNSR’s critic址ty with these constants(corresponding to di骶rentbumup leVels)．

Therefore，the initial values fbf Eq．(1)and(2)can be obtained． FinaⅡy，the moduIe

XPCC，developped here by the author，can be印pUed t。deterⅡline the tiIne_behaVior

of xenon poisoIling at various bu姗p 1evels．

3 DESCRIPTIoN oF MNSRXPCC

This xenon poisonjng calclllation code，aiming specidUy at MNSR reactor is sketched

in F记1，MNSRXPCC，which is composed 0f 4 modllles：WIMSD-4，CSMAKE，CITA—

TION，and XPCC．Each progr锄is coded as a separate IrlodIde and corr皿umcatlon

between modllles is f讧mned throuEh weU-makhed interfaces that read and write矗les

in a stand封dized fbrInat． AⅡof the MNSRXPCC programs are rlm under Wjlldows

95 svstem，withⅥsual Fbrtra肌compibng system，甜山1der DOS operating system with

NDP，Fortran coInpiHng system
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Fig．1 Sketch of xenon poisoning calculation

V01．12

WIMSD一4一the modllle to聆nerate the few group constaⅡts；

CSMAKB—the modtlle of coⅡstaIlts processing；

CITATl0N—the modllle of criticality calculation；

XPCC—the Ino“le to deterⅡdne n璩xenon poisoninE as a矗mction of time

wIMSD-4龃d CITATION are world widely used proFanls．OILly soⅡle mo出矗ca—

tions have been made iIl their jnput and output mes in 0rder to satisfy the requirements

0f MNSRXPCC as inte审a七ed system at I／O．

CSMAKE is a modllle to process the constants，accordjng to the actual requirement

ofMNSRXPCC．The least—square method is used to矗t the盯oup const孤ts as a№ctjon
of btlrnup kvel(口t‘)．Fitted functions(cDF5，ceu Description Ihnctions)as、miable
of曰“of various constants are as fbU(wrs：

cDFs(B“)=do+Ⅱ1曰让+02曰"2+·-- (5)

曰让-bllrnl】p leVel(Mwd／tu)；

口1，n2，03一fitted polynoInial coemcients；
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cDF5一few group constaIlts，including山jmsion coemcient(_D)，absorption cross—

secti叨(∑a)，fission products cIDss-section(p∑f)and scattering cross—section matrix

(∑。(g—g’))．
A bi工lonlial or lligher order p01yno血al can be chosen at user’s wiu or d印ending

。n precision re掣Lirernent．This Inodllk can出so provide the constants with appropriate

fomat to CITATION and XPCC．The constaⅡts correspondillg to di行erent日u can be

attained from GDFs，whereas the bllrnup level can be gotten by the forrnIlla

曰u(tt+△t)=且u(tt)+P(tt)△t (6)

口u(t￡)一bllrnup level at a position，aIld at time￡(Mwd／tu)；

Bu(t+越)一bllrnup 1eVel at a position F and at time￡+△￡(Mwd／tu)；

P(t￡+△￡)一power density at a position and attinle￡(Mw／tu)；
T，△t—tiIIle and tinle st印(d)．
XPCC is a xenon poiso血g calcldation modIlle developed from the approximate

modllle of point—reactor and one一铲oup．F0r MNSR reactor，special attention to be paid

is：the initial conditions，ⅣI(o)，Ⅳxe(o)fouowing shutdown 0r power．1evel cllange are the

actual values at the time of shutdown aIld pdwer—level change，but not their eqlliⅡbrium

values This modllle can e懿ily obt出ⅡLe tirne beh长vior ofxenon p0isonjng cllaracterizing

difrbrent nux behavior．

4 RESUIⅡ、S AND DISCUSSIoNS

MNSRXPCG is used to analyze the xenon traIlsients at di船rent nux conditions

0f ShaⅡghai MNSR，including X。poisonings following startllp，shutdown，power-1eVel

chaIlge and b11r仰p—level change．The calclllated Values wiⅡbe described resPectiVely jn

the foUowing sections．

4．1 Xenon poisoning f0Ⅱowing star亡up

The qualitative time behavior 0f the concentrations fbr 1拍Xe foIlowing startup of

Shan曲ai MNSR is shown in Fi92．The reactivity due to 135xe bIlildup fbⅡ0wing startup

is sketched in F酶3 and Table 1．As depicted in Fig 2 alld Fig．3，it is about 60

hours when these concentrations reaclI their equilibrium values f曲MNSR operation

with nornjnal丑ux圣=1．0×1012cm一2．s～，a工ld the equjhbrim values are：Ⅳxc(。。)=

2．354×1012cm～，px。fo。)=6．135础．

T8bk 1 xenon reactivity of shangha主MNSR during oPeration
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Fig．2 V趾iation in 135Xe coⅡcentration followiⅡg a cold，clean 8tar七up

nO 1∞ m0 ∞O mO mO a∞ mO mO mO 1㈣
m，h

Fig．3 xenon rcactivity variation of 135xe follwoing a cold，clean 8tartup for shanghai‘s MNsR

atfated丑uz

AccordiIlg to theⅡleasurement【3J，the cold excess reactivity is about 3．9 nll(for

Shangh缸MNSR．The av盯age 0perable time is 2～2．5h per day at ratedpoWer，and the

ma】【in眦n operable time is about 7．25 h per day．The iIIkt and outlet teIrlperatllres tend

to be stable when Shan曲ai MNSR opefates for 2～2．5 h，alld the t锄pefatufe e艉c￡
is appro】【imately-2．8出，it is actually the total reactivity e珏bct血duding modeTator

temperatuIe，now aIld power．The sa瑚ple reactivity h拍about a reactivity equivaJent

of．1．0出． It is nms dear thatⅡlost of the cold excess reactivitv is 10st dne to the

temperatllre e矗色ct．And the hot excess reactivity is relatively sn枷．It h8s only about

O 1皿Ll【reac“vity that ca_n be used to overcome the xenon poison if the sample reac“vity

is taken into accolmt．nom Tabk l，it is kndwn that ShaIIghai MNSR can operate for

a：b01lt 2h．The maxiⅡ岫叩erable time of the reactor is about 8h fthe control rod reaches

its top position and the sample is not m the reactor)．The calculated results 0f operating

——————————————．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．—．—．．————●

^苫．ut岛_、51．28}g

IE、奎七≈．皂m×墨。至《
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t皿e of 2 and 8 h are jIl accord趾ce祈也the actual measure|nents【3】for Shan曲ai MNSR

4．2 Xenon poisoning f0Ⅱo恻’ing shutdawn

Fig．4驵d Tabk 2 shaw the xenon reactivity variation after shutdawn for diffbrent

operat血g time undeTⅡoIIlinal nux condition．F0r Shanghaj MNSR fbr 2 5 hours time

of steady operation at the rated丑ux condition，the xenon buildup is 0．562 mk after

shutdown．The maxin咖xenon reactivity occurs at about 10 hours．Accordin譬to Fjg．4，

the poison wiⅡbe eliIIlinated automaticaUy and gradually，whose speed is dependent on

the operatiILg time and the pdwer leVel before shutdown．The longer the operatiIlg time

and the hi吐盯the power，the 1ess c01d excess reactivity available at the s锄e tiIne the

next day when restart up the reactor，thus the shorter the operable tinle aⅣailable that

day．F0r Shanghai MNsR under staIIdard 0perat血g condition，it is unnecessary to pay

atteⅡtion to the‘气odine weU”phenomena durjng restart up of the reactor．

Table 2 Ma】(iⅡmm xenon reactivity followillg shutdowⅡof Shanghai MNSR

‘h，h

Fig．4 Negative reac￡ivi￡y duc乇0 135xe buildu奎followiDg sbu坩oWn 0f Sh卸ghai，s MNsR

卫E、^】{{￡∞K暑芎爱
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4．3 Xenon poisoning following power-level change

Table 3 giVes the equjlibriuⅡl xenon reactiVity Vs． core average丑ux． This shows

that the operable ti工ne available c蛆be prolonged through reduciIlg the power 1evel．
^

T扎le 3 Xenon reactiVity Vs．丑ux 1eVel
▲

Flux level，1．0×1016Mm～s～1 1．0 0．8 0．6 0 4 O．2 0 1

Equiubdum xenon reactivi‘y／mk 6．13 5．03 3 88 2 65 1．36 (1．69

xenon Teac伽ity foI 2．5 h of opetati“g time／mk O．18 o．15 o．1l o．07 O_04 o．02 ‘

4．4 Xenon poisoning versus burnup level

7rable 4舀ves the equilibrium xenon reactivity vs．b11rnup kvel．Thus jt can be se eIl
’

that the xenon reactivity vaTies very little with iIlcrease of burnup 1evel．

Thbk 4 Equilibrium xenon reactivity vs burnup level

Equihbrium xenon reac‘ivi‘y／mk 6．135 6．134 6．126 6．118 6 106 6．090 6．087 6．095 6．125 6·253

5 CoNCLUSIoN

A xenon poison cakulation code apply诅g anly to MNSR，MNSRXPCC，was de一
‘

veloped based upon the approximate poiIIt reactor model．Fbr Sh孙ghai MNSR，some

calclllated values are cornpared with the actual Ineasllrements．It shows that MNSRX一 ^

PCC is appropriate for modeHng MNSR xenon p oisolling．
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