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INTBODUCI’ION

titln-ln m44sufingk \nwbmitkl ax f=
*k<< loohufpumd thOd8vOhpmatc4avo’r81nw

d’dq’uouidhu rdliaaniatad tnowhlucoldmwd
kbatqw, tb “ooum ]ork.” In this t4ddqw, t n6umm
~bpkdkltitti~g~, madtbmutrm
dmttytsdlwQldtamMhaaqullr Mw Vd’w mgm@orld
tothowms ctmmgth andlnvotw lypmpwtkml utho
quaMy(l.k)iTb~L9thmr@dly *(or
JA4d) horn t.h wotam, and b mwknt &uItil is
obwd’htwotMtyd t&twUmladwn Inhrrodfhm
th4aadyobdth4tmndmtd9k lnthow~thwehw
k thrw U@8h tdm.tq’uaa’ (l} tha prompt-hp
cpprodmskn, (9) th lntqraldlus mrthod, and(~)tho
Mm14r@tattlnvorw klrlotia kohnlquo,

PRObfP’T-DBOP APP ELOXJMATION METHOD

Altho@l It LI not krbom who Originally d.orlvd tho

pmmpt-dnp •~, Ub9flmt rdoramtiltsusoln

~W~Qofmctitidwt4mtiti
~juk ~ wu muk by Jankswti, ct al’ Udng
th nomdabm d Hctr4’ Itan b ohowntht th

~Odthseaabor81atdt4 tkmwddadmpln
poww Immadlsbly MO* UN ~ JOA via

k? [1..CA,
P ml - n,

(1)

Although MS maid works Ir prtnalplo, Ithao sworal
Ax- U@ hit Ih USC, Flrsg and foremost, It h
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~, J. Neutron &tui& a a &ctioII of tinu, illu.ttruting a
Wum.bti ~r@Jtl # rolutivity.

-mO-@bbteed-md-dh throw
M dh.@or flux hsmaih pronnt d- tlto Initiol
pordmdtho tmuiong tlnpolntilltimoStsrtlidin,b

~d Haq a ~ly positkd dotaota or muroo will
@old sbioAlll, d on “app9rat” rooativity that m b

_W~tkmtio_ti*&th.~m.
sac=4fw M4mlMti Wbm4n, dub. nvod
Ordmo d Ma@Udo Iowor thsn MO!‘TIMCaunldq Ototioti
ot q may boom. m km u ti pmduoo ● lorgo urmruinty
inn, oad ● mhoqxtly krgo u.rmrtalnty in ho aluuhbd

p. And u b.oUM b prcmlpkdropappmxbabn
u-u m inmmaua romavol Oftlto sow, if tho
wwooionot romovod inatimoth.ot ioshortwmtito
tho ohorta&uvQd dolAy9dmoutToil grmlp, Olt?aploloting back
in ~ to fbd nl MAYbowma mom tenuous, rooulling ogo.in
Illam urMUMlntJ h p.

INTEGBALPPLUX MEI’HOD

A VW Impmvomont k tbo pmmp+drop owrexl.matbn
t4uMqlM WMintrdu.ad by sokLmMBmthw thoaJuot

obrdng thoIaAtio.1bhovbr ot ttu noutrm dudty
fblb~ tJM wu.rw ~ tho in~ of kho dslayd.nouh
tail folbvdngh wura ~ h ~uddowtotho
~ty d ttwoytim. ‘lM Aotbnddp b cM* M
follow.

Im.modotoly folbwing M ooura jor~ it 10onumod that
Lhopoint--r oqudons h bn .rbiUuy numhr of
do4AMu&on @oupo m Qppucdo, ‘I’Mb,

(2)

ond

[)dC, ~,—.-
dt 1 “ - ‘~cJ ‘ ‘or‘ -1’2’3’”””4‘ (3)

whom n ■ nsutmm dontity, t = Urn., Cl = delayed- neutron
procwoor dontio of iL group, ~ . the find ofloctivo mura
ctro@ + = dwsy con-t of ib pwmroo r ~UPl
~1mdolayod.nwtmn yiald of i~ precursor group, g = numtwr
of dolaytd.neutron group~ ond 1 = nwtron. gmm-otion time.
ln~Liq Eq-.2snd3fromt=Ota t=-yialdstlm
following oxpmsion, which rold.os ro~ctivity (in dollirs) b
tho hNog?ol of th nokron domity OCmrnng during tho
douy of tho tiolaywl-noubmn bl (Fig. 2):

(4)

‘h fht tmm in thO hokot on thO dghbhand ddo of
Eq. 4 ropramb tho wdghtod brmadc-mun by
Umcant b tklodolayd+mllmn pruumrs. ‘nmtk

(5)

Itlscb14w tbt~l.o tnwionofboththo dfwtivo
roldivo ybldi ond thOdoaywnstuItJof oaah dolayod.
nouti ~ fw tho roosW cyotom4 upn whkh tho sourw
jwk i. ~ l%ordom, oomo oddildona.1knowlodgo of

Id IHTIOQAL. PLUH MC TI+OO
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tho *r syoU m it rutumd ta perform a reactivity
musu.rorrmt Ising b tuhmqw. Tobl. I thowt tho
@pial vm.luo of ~, uoing the dolayod-ncutrm psmrnotim
m~d by Ksopin. WW and higior.’

TABLE L Dokyod-Neutron lbrrnomc Moon Douy
Cormmnt

Energy Fuel A,(S-1)
1

T’hmmai
aqJ

I 0.0767

I ThWrlml I
noh 1 0,CM346

I ‘rhmad I % I oob43

1.46 hhv %J 0.0784

16a mm O.M&l

I 1!4U I WJ I 0.06.69

hum nmkrar gonoration tlmos r- from 104 b

(6)

Although thlo method mpronnto on Improwmont owr tho
prompt-drop appmxim.stdon, In tom. mspoct4 It still wlYoro.
Fire< oddklorml Infommtion (i..., ~ and ~) m~t b. know-n
to omlW ~ Althm@ tbo vut majority of reactor
ryctomo normally onooun~rod an b WOHcharaotds.al by
tho vdua ohown h Tab& 1, th roqu.iromont cf knowing tho
dalayod.noutawnpuamotm prmludu uolng M int4grol.flux
khniquo m ‘Ma&box” w cyut4mo. Th.io Loin ocmtraot to
Lho promp4d.rop method h tit formukbn, &u only
Infb:mation n~ Umaaou.ro ttw-oukldalls
tho Mtlal oqulllbdum powor Iovol md the pouw Iwol
Immodhtdy IMlowing tbo ~ ~rk

hmmlng that tho ddihd Information roqu.irod is not
a -ain~ U. into@ motld b still bud upon tho
point+oaatm mod.], end, ao ouoh, mqwmo tit th

moasurod noutmn donsitim n and no mum b. propordorml

~ MO~ mod. of decay thro+out tho ontim
&moiont if Eq, 6 i- to yh ~dtho correct onowor This cm
only h aommpl.lshod by tho Judoiouo choiao of both tho
MUM. snd do-r pwtloa within tho mmctor tytt..rn,
pwtkularly If k Is well below 10. As with tho prompt-drop

motb~ ● pwrly positiorwl swrca or detir will yield an
“apparent” reativity that cm k significmtly blaoed from
ho truo roactiv-ity,

Sewrol maihdo have ken propoood ~ convert from ●n
apparmt (or spathlly depondont) roactimty ~ ho tr-uo

reactivity of tho oys~m. In gonoral, thoro havo kn two

approach-. ‘l%. t%ot approach locabs tho murco and
dttir(o) whero tho fir-t hsnnon.ic is null.ifhd, thereby
allowing n arid no ta ba nearly proportional ta ha
funduoontal mod.. Howovor, tldo method promrnoo that
thisnab @don i. known. For aoymmotic oysbms, thio
presumption may kmqumtionshio, ‘T%.oecond ●pproach
rokks tho ho routivity b an ●pparent mbctivity via

(7)

Although Eq. 7 m- t%rtho problom that arks l%oro

X d* ~ottwr PWM Problom plagum thlc
method d uulydol If tho ~umo io not romovd
l.ntiwausly, tho Lnts@ oftho neutron dondty may h

altmd ol@9csntly d- k ooum+ramowl “romp,” For
oytimo tht or. bi@ly oubritiod, ho oontii.bution to tho
in- &rAng *. oowromoval romp may b9 0.. larg. or
-r than tbo mntrikion km tho ondm dolmyul.neutron
tall Thlo rau.lu h M Omwu Cdmhtlon of roacuvlty,
To droumvantthis~tontla.1 probiom, Spn~ ●nd
P~n U propoosd u.oinga oom.i.upUait mvoro+klnotia

boh.dquo,

INVERSE. KINET’IC TECHNIQUE

RAthOr than in~u Mo. 1 o.nd 2, it con bo chow-n thot
tho mludm to thatoytim of dfforontkl qustions for t
mm+jrrk tmmdont in a oyotan wtmriticII by ~

mmopmdo to



Equotbm 8 ckAn4 tho tim+dopondont MWior of tho
f~l md noutrm&d@. Itu notul thm tho
d#&handoido t#Bq.8io akuticm ofthofoUowtng

~n:m~+,dmno *, ,Oroknoivn
?0quondti that -bodotaminod from thoin urquotion

arleOtks obov9~r80ro oPocdlocL hwitbtho
inti41ux motbaL this roquirw oomo .ddiUono.l
inlbnmdom atmuttho swwmupcdiwhkb thow.wajorkin
to bopodhnod- Ifwoauumo thot ‘A. MayOchoutron

PUUoObm UW hm, thOfI thO dght-ho.nd do of ~. 8
t+nomuttr&tlY afur@.ml tlfmootivity(in br-olsddolk).
H-, @von a ~wor hiota~ prmdti by ● murco jerk in a
wolldoilnd e, 1~la ~xriblo to doto.mino tho ayobm’-
rWdVky by ~y broQ on M until tho pw~

h.iohy p~ by Bq. 8 m*.!42h09tho &onad wwu

bp~btio~pk ToporformthiJ
i~mnorlUoaor loU&oquO.rWaWngcOdo hozbon

~brMn~1aFkuro9ah0=o~ OUpl. of.
Ooum+k taulciont onol@ using this tochniquo.

Poandngon oM.lYdoofa oour+o*t TarAutuoi.ng
thiahabr@o improvc3tho oxporimatl,ntwomya F’w
thomd’tbcmnoowd y~dopadontom Lho
oaumFmmwd mmpumo, Tl!4ioomLn plinwuyboauoO
thol’olOaw powar,tttimo@MvoAoamdo intotk
boaOkO& 19-uauy uuwco.ltotb@roldvo pm

amqmAJ@oawx~dtho ~. HuIa,
timumo-~mmptimudlsmkth.o

~mntdthoti folb=in gthomroommpwul
yloutbo omomswcro otfltworoa tmoo.topahongol.n

bx,roob~ &om4bporfom u!io&Q.uta

I I
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9 - 09,59
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Ioaot—quuw fl~ only a mull portion of the tow
dolayod-neutrontd u nuouory. Hone., mthor than
hoti-u to oboomotbo ●ntbo doloyod-neutmn toil u required
try tbo in~-tlux motb~ tho initial potion of tho
trodsnt (fimt 600 or 00) u moro dun stieiont, and will
dgnW.ontly mduco dot. uqukition time.

On tho othor hand, tho invorM-tiotic method still
su50ro From tbo problonu tit ploguo both tho prompt-drop
ond tho in~-tlu.x methods; nomoly, spotiol offoct.scon

~w h ho r..rtitity mouuromonL

Acuiood Oouruo-]ork moasuromonh worn pdomod

using thrw difformtdotoutor 1000donotnd tbrw d.lfforont

m

1
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.
umree poeitim~ A pair of detectorfi was plad in a
horkontd poeition approximately 10 in. above iho tap -k
● eeoond @r of doWtore wu placed in a horizontal position
epproximatdy 10 in. below tho bottomtmh and ● thirdpeir
W*S phd in a WtiCd pOOitiOIl dOng thO sido OfUtOtWO

Thea eouroe poaitione wero Med. AU the positions
wore between rho two tanks. The “tQp”poeition wae locati

on the centarlino of the tanks 1.26 in. below tho top tank.
‘I%. ‘Iwttam”position was located on the centarlino of the
tanks .26 in. above tho bottom Mnk. The “canter”position
was loabd on tho centdino of the tsnks ●t the vertical
midpoint between tlw two tmM Sourw jorke wore
performed ●t five Merent gap poeitiono, and ths data wore
anslped ueing the irveree kinetic taehnique. TabloX
chowsthe reeulteof the meaeuremente.The precieion of
each of the musuremon~ shown in Teblo 11waa
determined to be mnalk then $,10. For ceeee in which k
wae >,92 the precision w- on tit ordor of $.02.

Top .83 .04 !82

4 Center .87 .89 .66

I Bottom I .82 I .~ I 82

Top 6.66 6.62 6,71

6 Ccnt4r 6.85 6.82 643

Bottom 6+66 6,73 6.02

Top 11.7 11.3 11.0

8 I Center I 1L6 I 11.5 I 11.4

I Bottom I 109 I 11.1 I 11.9

ToP 23.4 26a 19,7

15.82 Cent4r 22.6 26.0 a2.8

BotMm 19.0 23,1 24.9

Top 30,0 30.8 27.8

22,s4 Center 22,7 36s1 ‘2&a

I BotMm \ 22.3 I 28.8 I 29.4

Aa cen bc notad, for separations of 8 in. or less (k > .9),
the meesurui reactivity ie relatively ineeneitive to detactor
and eouma poeitions. However, u K is domed, spatial
effects ‘becomemom evidenk This is most pronounced with
the resulw okined via the “side” detactors. Tlue is b be
expect4 for any sourddetector positions in which the
neutron source shinee direotly onto a detactor (poor
soureddetootor geometry), puticukrly ●t low multiplications
(i.e., < 5). kor eouroddetaotor geometries reeult in ●

~t changeindetutor effkiency following the eoume
jerk einoe moot of the neutrone being countd by the
detaetor originate km tho eource u oppoeed to originating
horn the ueembly. On tho other han4 ●t high
multiplioatione (Le., > 20), moot neutrons being count.ad
originat4 fhm the ●eeembly, reeulting in only minor chengeo
in &o detutor edlkiency when the oource is jerked away.
Hen=, ●t high multipliatione, poor geometries can be used
with only minimal impaot on the reoulte.

When the eoume is loated ●t off+mtar loations, spatml
e!Yeot4also beoomo mom pronounced ●tlow multiplication.
For oxuople, ●t ● spacing of 16,S2 in. (aoaTable II),with
tho eoum looatadat the tip of the ●ir gap, the top detoctore
me ● rea4viW tit wu $3.7 more subcriticalthan
the bottomdetaotm measured By oompuison, when the
COuroewas koatd b the OUItar,the dit?erenoebetween the
tip and bottomdetaotoreWM only $.~. Thic deoreue in

di$LWkY-bQuad@ah*otiti
WdMtion d the &@ed.neutrQn prWWeoroo When the
eoume ie koatad ●t the omter of the air gap, tho flux in both
tanke Is equal, and hcnM, the initial pmoureor denaio in
both tanh h equal. Wtm tho eoura it jerked out of th*
oyetom, tho ‘IX in both tankJ decresees ●tan●qua! r~w
and eventu 1 asmunea tho f@kmontal mod. dec%vrata.
In oOntruL if tho eouroe i~ ktad off-oentar, the inhiaiflux
iaoneofthe tsnkeishigher thanthc initial flux inthe
otk tank. ‘TM orestea an MM non+ymmetric p:ecumor
donsltv. Followfng the touroe jerk, the tank with tho higher
Inithl prwuroor deneity “fbeds”the othor *A extra

neutrons tkIro@out the truniak Concoquently, doktare
Iooati nur tbe tank WI* the lower inkbl pmourenr
denat~ will moamm a mdlor reutivity reiativo to

dotaotarsIooatd near the tank with the higher initial
v~ density. In Me dtuation, a true kdamentd
mode deoaymay neverbe obtainedin .ither tmk

If tho multtplkstion of the eyotam h relatively high
(i.e., > 20), then ~OM of whom th. M- it pl~ce~
multiplied neutrons will corutituu tho mdority of tho
neuena in tic oystan, ud ae ouoh, will eetabUoh ● nearly
!bndsmenMl mode flux d(otrlbution sorooe the ●ntiro
oy9tam. Un&r this cadtion, ●aoh tank otarta with a
nearly qual prooureor &noi@, resulting in both the top ●nd
bottom deteotom m.uurtng oseenthlly oquel reactivitioa,
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