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TO: A. A. JOHS%SON

COEFFIC~WTS~ MACTIVITY - MARKVII-A

INTRODUCTION

Testewere performedunderTA 1-620to detetine the moderetortempareture
coefficientof raactitity$the prompttemperaturec~fficiant of reactivityand
the powercoefficientof reactiviQ of -k VII-Acharges. Thie document
summsrizeethe resultsof tha teeteand reportsvaluesof the coefficientsthet
me commansaratewith the testdati.

SUWY.—

The moderatortemperaturecoefficientof reactivityis preeentedin FiWe 2 as
a functionof the moderatortsm~reture end fiel exposure.

The powercoefficientof reactivitywas raeesurad at &6,000KWD to be -0.000558%
4 k/k par ~ by the mnon methodaad -0.000654% A k/h par w b the rod os-
cillationmethod. The restitof the rod oscillationmethodagreeebettarwith
the moderatortemperaturecmf ficient. The powercoefficientu detedned from
themoderatortemperaturecoefficientis plottedin FiWe 3 so a functionof
moderatortemperatureand exposure. The averagepowereoef.ficiantof reactivityis
presentedin Figure4 as a functionof riverwater temperate 9 bulk moderator
temperatureand reactorexpoeure.

@alitative enalysieof the promptcoefficientteetdata showsthat the prompt
coefficientof reactivityIs negativeand consequentlyis not a major consideration
in determiningthe degreeof eafetyaffordedby the eafetycircuiteagainetfeat

*
powertransients. It was felt that the datawere not of efficient accuracyend
importe.nceto warrantthe necessw computertl~ to make a qtiantitatlveentiysis.

) From the changeIn the resonmce integraldue to the Doppler broadeningof the
resonanceabsorptionpeake~ the promptfuel coefficientwae calculatedto be
-0.0012$ A k/k/ per ‘C of the fiel.
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‘a —CONCLUSIONS

The valueof the powercoef~lcientof Feactlvitymeasuredby the rod osoillatfon
teohniqueis in good ~esmont with the thaoretica2extrapolationof the meeemed
modaratortemperaturecoefficientof reactivity.However,therestillexietsa
dieorepancyof about15% betweenthe valueof the powercoefficientas dete~ned
by the xenonmethodend es determinedby the rod oscillationmethod. Iiorkthat
mey helpreeolve,the dietiepsncyis in progress. No furthere~rimental work is
planned.

The owes of the powercoefficient%n Figures3 end & shouldbe ueed in reactor
calctiations.

DISCUSSXON

A series of four teete ware ~rformed to determinethe coefficientsof reactivity
of tik VII-Acharges. Testewere prformad at low power (5-10M) to determine
the moderatortemperaturecoefficientand’to make the low powermeaeuremantsof
the promptcoefficienttest. Teetswere Parf-d at operatingPowerlevelsto
measurethe powercoefficientend to make the highpowermeasurementsof the
promptcoefficientteet.

kderator Temue~atureCoefficientof Reaotivit~

The moderatortemperaturecoefficfent was measuredby heatingthe moderatorwhile
melntalningcritictitywith ctiibratedcontrolrOds. The mOderatorWES heated
from11.4 to 34.9oCin inorementeof 3 or 4°C by throttlingthe coolingwater
flowto the heat exchangers.Gang I til controlrods were used to maintain
criticality~ end the controlrods were c~brated aftereweryincrementby rod
oecillatlontechniques.

The rod oonflgurations~ numberof controlrods oecl?.latedereactivityworth of the
oscillatedrods~ aver~e moderatortemperature~ end the rsactitityworth of xenon
in the reaotorare presentedin Table T for eaoh incrementof the teet. The
reactivityworthof Gang I controlrod withdrawelis presentedIn Figure 1 ee a
functionof the moderatortemperature.Figure1 has been correctedfor the change
in the reactivityworthof xenonduringthe test~ Sssdng a powerlevelof 7.5 ~.
The measuredvaluesof the moderatortemperaturecoefficientare presentedin
Figure 2 se a tiction of moderatortemperature.The valueewere determinedby
measuringthe slopsof the me in Figure1 for severaltempsratureeand sub-
tracting-0.0012~ A ~k/oC from the measuredwdue to corractfor fiel heating
effacte(Dopplerbroadening).The mathedof entrapolatlonof the measureddata
is givenin AppendixA.

PowerCoaffioientof Reactivit~

The powercoefficientwee reassuredat a reaotorexposureof 46~000MWD by reduoing
paverapproxi-tsly100 M from full powerusing calibratedGang I full rods. The
lowerpowerlevelwas maintdned by withdrawalof Gang I full rodeuntil the rods
were wltbdrawnto thsiroriginalconfiguration.The power coefficientthan wee
computedby two methods:



Powerwee decreasedfrom 2125 W to 2059 w in 4.5 minutes~ the insertionof
Gang I fil rode horn420 veederunits to 490 vetiertits. Powerthen was allowad
to driftto 2008 W duringthe next 12 tinuteewith no compnaating motionof
controlrods. However~the controlmds were ctibmted mnd en euialflw memeurQ-
mentwas obt~ned duringthie 12 Mnute period. Reactorpowerthen wee maintained
at“2008M duringthe next 20.5minutes~ d~ing whichtime the Gang.1W control
rodewere @thdrawn to theiroriginal cotiguration and the teetwae tednated.

The powercoefficientwas determinedto km -0.000558~ A ~k/M{* ~ mnon ~d
-0.000654~ A lfi/M.jby rod oscillation.The rod oscf~ation valuewee weed in
tMs ropotibecaueethe moderatorinefficienttceetwas parformodtieo ~ rod os-
cillationtechniques.

The moderatortem~ratum coQff%cient and the power coefficient may be compared
in the foLlowing~er. The moderatortempes-aturawas 850c and the riverwater
tamparat,ureww approximately10oC,eo them w~d be approtimate~a 28;3 W
QhW in powerfor a Z°C chengefn modaratorte~ratw. The moderatorcoefficient
of reactivityie e~al to tb~ power COQfficiQat@tiplied by 28.3 ~/O~odO minus
tk fuel oomfficfent(-O.00M X A ~~C fiQI)@tipBed by 3°C ~IfiCMO*o ThW ~
the valueof the modaratorcoefffaiantas detgtinmd froa ihe power coefficientat
83°Cw~d be -.0u9 Z 4 k,/k~C~ which ie in @’od agraemmntwith the cdctiated
curves(seetrien@mr pointin Figure2).

The pomr coefficientof tiaotitityas a functionof moderatortemperatureend
he~ expoeUO 1S pr.BSentQdin FigUrO ~. The CurWeeweregOnaratedby ditidingthe
moderatorcomfficianttipresented,inFi~e 3 ~ 28.3 W~C and malting-0.000128
Z A k/k to eaoh vtiue to include the effectof figl timperaturachmnges
(-0.0012% A k/k/°C-I ~ 9.4 W/°C~w~ = -0.000128Z .Ak/k/M).

Q Ca.lcmlatedby the wthod tiscribsdin DPSP 59-1260*R. L. Sandmra~ Parameter
For XenonCalculationsJ* 29~ 19590Secret.

~ Caldations show that thareis approtimate~a 3°C fuel temperature rise for
ee.ch1°C moderatortemperaturerise.

‘e
...
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● The average~wer coefficientis presentedin Fi~e 4 as a fwnctionof fuel
expoeure~ riwerwatertemperature~ -d bdk modQratorteiemrature.The ~eS
were not presentedwith powerlQvelme a par~tere sincethiswouldincreasethe
numberof curvesthatwouldbe necess~. The co~rectbml.kmoderatortamparat~e
withwhich to enterthe curveemay ha detertinQdby titidingthe powerlevelw
28.3W/°C aod addingto this the riv’.zrwatertempzraturQ.The curveswOrO generated
~ averegingthe pwar coefficientspresentedin Fi~.s 3 over the full rangeOf
indicatedtemperature.

D Mueratwe Coefficientof ReactivityProm.t Te

The promptcoafficientteet was erfonnedin two parts;the I(*wpowertest (5-~OM.1)
~ The testsconeistedof a eerieeof tron~tadand the ml powerteet (1800N .

timgular oacillationeofGang I full controlrode. The rods were oscillated
usingdl ~rmutationeof 18 29 3 end 4 sesonddrive timesend 0.5e 1.09 1.5B 2.0a
3.1s 4.38 5.5* end 7.1 secondwait times. The purposeof the low powerphaseof
the testwas to obtainflm reeponeedata thatwas not affectedby temperature
chengee. Then any difference betweenthe high powertest data and the low power
teetdata ctid be attributedto reactivitycbangasreeultantfrom temperature
changesin the moderatorsfw.el~or component of tbe reaotor.

The res~te of the promptwe fficienttest we presentedin Figure3. Norm&wV
the promptcoa.fficientmd the kineticmoderatorcoefficientare determined
qutititativelywith an DM-650 code. The code ie designedto eitiate pile kinetice
and has a provielon.for the inclusionof threetemperaturecoefficiantswith thefr

e
associatedthermalresponeetimes. The coefficient and theirresponsetimesthen
are sdjueteduatil the best fit is obtainedto the e~rizientaldata.

It wae decided~howeverpnot to do the numericalevaluationof the promptcoefficient.
The oscillation in reactorpowerwere ratheremall~tbwe limitingthe accura~
withwhich the flu changescouldbe determined.The amalyslswae not done becawse
of 1) the Hmitad &c@aq ~ 2) the fact that,the qualitativeconclueions~ven
belowwere stiicient to demonstratetha eefetyof the &k VII-Afiel and 3) the
largeamountof computertim that the enalyeistmkee.

@alitative conclusion that may be dratinfrom th@ reeultsof the test are as
follows:

3) ThG promptooefficien~ie negative
2) The kineticmoderatorcoefficientie rebtiveti weak end slow acting(as

comparedto the restitsof the &k VI and tik VI J coefficiente)
3] Plux transientsrastitentfrozea givenreactivitychangewin be ties savere

at U ~wer thanat loweror zeropowerIeveb.

Basedon meaemementsof the Dopplerbroadeningof the reeonanceintegralthe fuel
coefficientof reactttityis cdctiated for a -k VII-A chargeto ba -0.0012%
.ak/k/oCfiel.

Thereie no furtherexperimentationplannedfor the determinationof &k VII-A
reactii~itycoefficients.

Lw:m:eh

L. V. FOX
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Sequence

IDi idt 1 2 3 L 5 6
Rod COtii~ F4tion(??.U
Geng I ml rods X753 1666 1567 1313 1230 1332 W7

Geng 11 ~ rods 1317 1317 1317 1317 1317 1317 1317

Gnng 111 fullrods 1317 1317 133’7 1317 1317 1317 1317

Geng I halfrode 0853 0%53 0853 0853 0853 0853 0853

Gang 11 h- rods 0853 0853 0853 0853 0853 0853 0853

Gang IIIhti rO&. 0763 0763 0763 0763 0763 0763 0763

Her of Geng I rode
oec131ated 19 19 19 18ff 180 18s 180

Worthof Geng I rods
(ZA ~fk/v.u.) .000332 .000388 .000&39 .000825 .000855 .000815 .000436

Averegemoderator
tmprature (°C) 11.4 15.0 18.8 30.1 34.9 27.1 23.9

Worthof Xenon
(X A tik) .0392 .0U5 .0522 ‘.0604 .0631 .0673 .0695

Time 0228 0332 0510 0655 0732 0832 0903

~ One rod faultedtidwq throughthe teet.
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● TASM Q

JN~IAL ROD CONFIGURATION- ~WER OOEFFIC=NT TEST - 12-11-58

Gang I 11 111 —.

Full roda (vu.) 0/+20 02m
-c —

Relfrode (v.u.) O*2 0802 0707
—.

mer of half rods 19 24 30

Alloyconcentrationof
hti mde (w/o) 1.5 1.5 1.5 (6 SIW)

~

ROD WORTH- FQ= CHIC- TESI

moan atlon (v.u.) o&o~. 0b56 I .0490

●
Mactitity worth (%4WV*UJ .00Q673 .000645 .000605



.
,.,-

‘A.A. JOHNSON . RTR-178

-7-

haauremantsof the mderator temperaturecoefficientwere made et zeroe~osuve
and coveredon~ the r~e of 10 to 35°C. To etiendthe ms-uramente tO higher
tem~ratwreeand exposurescalculations beeed on the following eqression wereused.

dk.
~aT=+4#)+A~

in which ~ is the effectivemultiplicationocnatantB~ ie the thermalrapro-
duotionfactor~f is tha tha~ utilizatSonD~” ie the moderatordensity~ T
ie the modaratortmiiperatureand A is takento be a constant. The valueof A
reallydependson the moderatcrdensity~but~ sticethe moderatordeneity veriee@
only threep%rcentover the r-e of te~ratuva cf intereet~ it can be considered
ocnetant.

The two termeere diecussedbelow:

Tbie term is independentof changesfn moderatordeneitybut is depetiant
exposure. me contributionof this term to the coefficientwme ddated
fouows:

The basicecuatlonsare:

(2) Za ‘

on fuel
es

The crosssecticneinvolvedwere handkd ~ convefiingthe thermalcroeesectione
tistidin B&325 h wstcott’e “e%@ in-veemcrosesections ($). Tblevdms
of $ ie the 2200 M/see woss sectionfor en eqtivtientl/v-~w eubstmm which
wculdglwe the eemereactionrate as doee the actualsubst~ce. Or

~(k~~ = =(k~) +~k~~~,

in which w (kT)le the croseeecttonat the temps~atureT , f(kT)ie a factirto

L desoribethe non-1/vnmtm of the moss sectionand =0 ia a factorrqlating
w [ltT)of a I/v absorberto ~Z~b the*roes eectionat a neutronvelocity
cf 2200m/see. That iet
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From eqnetion(1)

not neceeeq to
&ove equation.

To evtiate equation(3) the fotiowiogvtiueswere ueed:
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fiel.

The effectof xenonon tbe coefficientwas disregardedae neg~~ble. The =IUQ Of
d Z.,./dT at powerie effectivo~ Zero$dtho~h it dogs becomasi~ificant at lower
tenparaturee.Powarcoefficientmaeurante @e at lowerper levelswouldhave to
be correctedfor d ~aaO/dTto be coeapatiblawithvtiueepresentedin Ffgura3.

The dependenceof the atotioconcentrationof the mterials on reactorexpoeme is
ae follows:

Atome/ccOf Fuel

o 0 3.475 x Ion 3.44 is1015

30,mo 1.525 X 1019 3.a5 x 102’J

60,000 3.279 x 1019 3.0% x 1020

90,000 4.856 X 1019 2. E22 x 1020
120#ooo 6.217x 1019 2.6@ x 1020

The reeultsof the cdcdatione are tahflatedbelow:



●
Exposwe (FiWD) Wutmn SPCt- TQia’paratwe(1-kderatirTQm~ratwe + 100°C)

lm”c 150’JC 180°c

o -0.677x 10-4 -0.667x 10-~ -0.657X 10-4

309000 -0.09 x 10-4 -0.390x 10-4 -0.344x 10-~

60,000 -o.w x 10-4 4.087 x 10-4 -0.012x 10-4

90,000 40.085x 30-4 +0.167 x 10-4 +0.264 x 10-4

120pooo 40.275X 10-4 +0.375 x 10-4 +0.490x 10-4
I I 1

●

2’ =com*t/’ =

Thu A = conetant+ constmt ~ cons-t

●
P’ p’
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Te~x’atwe (Oc) Ofp/dT A*

15 -0.000039
20

-0.076x 10-4
-0.009U -0.221x 10-4

25 -0.009191 -0.370 x 10-4
$ -0.000264 -0.511 x 10-4

-0.000329 -0.639 X 10-4
40 -0.000384 -0.745 x 1o-4

-0.000474
z

-0.920 X M-4

-0.000551 -1..070 x 10-4
m -0.000617 -1.198 x 10-4

-0.000676 -1.3U x 10-4
: --0.000731 -1.@o x m-4
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