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:.Âbsü¡act,:--
en opt:i¡nization ard prediction ¡rethod ha5 been developed that

alLotcs mrtc¡natic calcr¡lation of a rcd sequence to ob¡tain a

pr"s"#uea truÂrer d.istribr¡tion in a Bl{R. ùring the sequence

a++-Ëhem thønal nar"gins are tested i¡ order to obrtai¡r

a feasi-ble rod r.vith¡:rawal t¡b1e. Ccrçarisons are rnade $rittt

Qrster Geek q¡cle I data ard srrccessful,results can be re¡:orted,.
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I. INIBODUCTTC$T

TTIe pr:rpose of ttris r,vorking paper is to diser¡-ss and present

results æncenLing o¡rtimization of ænü¡ol rod tffi"" 
t

ù:ring larrge fþ!€r nanuevers in BtüRrs. Ãn algorittrm has been

developed and tested, that will fin4 a :od nrarn:evring
1l

proc-edr:re to go fi:om one $ prescribed to another prescìrbed.

pohêr distribution. Constraints dr¡e to techrrical specifications

ar¡d fi¡el ccnsiderations are i¡rcluded into tlre systeru

The oprEimization rouEjne is ænsidered part of a larger
_: :ì.,.it...

starE-rry opEimization problern and solr¡es the statical
t

optirfation

prcblen, tÌ¡e xenon ion ln.qhe core is considered.: ' ,

ænstarr: fi*#Së*#**##tü*l*$*tm# þot necæssatity in eguilibriun) .

.An essential paat of tlæ or¡erall- probløn has been to firìd suitable

approxìmations of pc'vter changes cau.sed by rod mcverrents. A rpnlinear

¡xedictor of local pot/€r ctranges has been developed and presented

in a separate r',orking paper ( I ).

The re¡nrt is presented in tl¡e follorring way. Section 2 dessibes

shortly tl¡e overall st:rt-r4> reactor o¡rEimization p:rcblern ar¡d

its characb,erization þr a series of #ü snaller optimization{ oroblevws.
t

$hê F*otr¡L:iîËt.aèi€n-

Frr'f'e-.oferer¡ees afe il ¡dË tD ËÈ n:bt'ored fredåe€åen.rrtJ¡c"{.

T¡ætlõn 4
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Sece,icn 3 describes a gene:al fornulatior¡ of tlle opEimization

probløn. rhe performance inde¡< as well as the <lifferer¡t,

oonstrairrts are discrr.ssed

Seceion 34 gives an orrtline of tÏ¡e o¡rtimization nethod that

.; . has been used.
. ... ?re -descriJced-

sone optimization results, conparing real operating data frcm the

Qzster Creel< q¿cle I are presented j¡r section 5. Ílrere are several

paranetens that the user can rnanipulate in order to influence

tlre optimization procedr:re. These choices are discussed jn section 6.

Suggestions for further uork are #üüü##{.#d nentioned in section 7'
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2. BVüR STARI- uP OPTII[z',z\Tro]I

lltre problem of large poi^¡er nìaneuvers hes been considered witj,in

tlre PS¿Í^S project (Pcr^ter Shaper lbreitoring Systsn) supported by

æR[. Ibwever, with t]re cr::rent r¡ersion of P$IIS the user has

to tS sryply i:rforrnation about, êH tfre rod withdrawal sequence

to tle P${^9 program package. îo fjJ¡d such a Fequence t}¡at is

feasjJ¡le ray be an av¡k\^Iard 
"ttd 

c,¡ttltef;cne task considering

ttre huge nr¡nlcer of constrai¡¡ts and :ndependent control vari-ab.les.

Ttre paper öü#lt preserrts the resr¡lts of ar¡ algorithnr that
,:'

wiIL systenratically search for tle best rod w"ithdrawal sequence

i¡ o:¡iter to achieve a specified ¡nwer distribution.

Tþieal start-r¡p at beqinnjnq of ctrcIe

F¡q.
A typical start-rq> ¡nttr is sh¡ov¡n in fi'gure 1. A npre detalled

description of *$# such a precorrdition-:ng q¡cIe has been discussed

elssùrere, see 1r!¡. (2). Iêt it suffice to describe tlre patJl

jrrst, jn such a detail, tìat. the present o¡rbimization problem is

clearly íllrrstrated and put into tÌ¡e proper perspective.
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Fig. 1. Tlpical start-up patkr wittr one ryc1e.
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the optimization ¡nth frun (1) to (7) can be sp1it. r4> accord:i-:ng

to tÌ¡e independent rrari¿bles arraiäable. l.Iottring is knor,vn
t'

a priori about the bormda:ry cond.itions in the inte::redlate

points (2) - (6). Ttrerefore, in order to find solutions of

the subprob scne bor-nrdarlr crcndítions for ttre jnternnd.iate

poiJrts have to be calculated.

*d##$Ë##+ås#

the ¡nth frun (6) to (7) is straightfong{, and basicly the

ære flc'vs *# is inæe¿sed r^¿tth rnaxirnrn s¡ped, limited only

by the errvelope s. Tberefore, lcrowing ttre desired
' ' .: ,, , '' 'l,t'. - .^ 

..rod ¡nttern å+#{(** an¿ Aesirà pcn¡rer- distrjbution ah (7) the
'...

reactor equaÈions can be integrated backr¡arrls.to (6), vilrere

an envelope can be estab1isH.. As a safe approxirnation,

the xenon concentration can be considered ti¡re-

irn¡ariarrt during this procedure.

ltre rod w-ittrdrawal from (l) to (2,) is tlre sLlbject, of ttris re¡nrt.
The tjrc for the rod wittrdrar^¡al is very short j-n corçarison wittr
tl¡e total start-up'tÍrÞ. TLerefore, no preænd.itioning is made

during t].is phase. If the polver distribution at (6) has H*tHërlarrger

vaLues tha¡r tlat of (2), then precrcnditioning ie nccessary. lllris is
K F,l

søetched in f{þre 2.
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Fig 2. Decision aboul preænditionÍng.
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The loop frun (2) t¡ (5) is ti¡re variable, but sirçlified by the

fact, ttrat, on.ly one independent r¡ari able is i nvolved\/ t/

f.h# es the core flcw is i-ncreased at tt¡e nÐdrnrn arlor¡¡able
Frq.

speed beLween (20 and (3) €+å¡¡âê 3 i}fu:strates, ttrat only

tr¡¡o Lfue har¡e to be deterni¡red i¡r this searctr. TLre

eiterior¡ for ttris ptnse of ttre optimization rr¡or-rld be to

obtai¡ such a xenon build-rp, ttlat tle envelope at (6) could

be reacÌ¡ed Tt* tbg nresæjUg roa srill
no algorittuns have been developed for ttris phase, since ttre

xenon concer¡tratiø¡ has to be ænsidered ti¡re-variable.

fhis has to be done with a minjrmnn of prodrrtivtty loss.

(st Q,t

cs) /¡* e

r

f

Cor( {tov

tt3

Figure 3. lhe lrenon l'-rri1r1-rrp phase (2) - (5).
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A rpre detailed accor¡¡t of tl¡e decisions to nrake ænsidering

. the overall optJrnízation is i¡dicated jrr the flonr diagram

of A¡pendix 1. Note, tt¡at tÏ¡ese progralns have not beer¡

written yet; only ttre steady state ¡nrb of ttrem.
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3. FOR¡4JIJ{IION OF THE OPTI]1trZATICN pROBLEtvt

Basicly tlre problen consists of fjnðing a strategy for rod.

wöthdrawal so that tlre ¡nr.ær shape wiLL a¡proach a desjred

díst¡il¡¡tion. fh:ls has to be done, so that alt consbraints

for rod llu\¡enÞnts and fuel properties are taker¡ into consideration.

Perfor:nance irTdo<

Tle perfo::nance i¡de>r for the optimization pâ+ (l) to (2)

(see fig r) can be epæssed as a staticar reration g#*{hËës

PI
**

2,,
ijk

¿t
-f 'tijt ) - (3,,)e

rJK

l*rere
*

s:-:,_ = the tarqet nodal po¡¡er j¡¡ node i, j rk,alK

nonnalized by the core average po\^rer

"ijk = the aclrual calculated no::nalized poriler in

node i, j rk

*p = desired bulk Power

pc = calculated actr:aI average po!'rer

.Ltre strucbqre of tire ¡ærfornance i:rdeir is crucial for the'success

of the optjmization. A slightly dj-ffeeent, frcrn of perfornnnce

tî)

iiVaex has also been testedrthat conç:ensate for average po\^7er

errors nucre efficientlYt
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z
ijk

* 2(s '"ii¡ )

= the ** bulk po\ær at tÏ¡e target

= the calculated brrlk ¡:cnrer

ijk
PC
--F\P, G,)

n

rrùrere

PI=

*î

(

*
P

PC

n-W = an intæger oçonent

r¡n tlre tests the tarrget,.¡rooc ¿istrih¡tion haö been ttre sanÞ

for all fi¡el blmdles, i.e.
*

f 3.3)

,r/

IÏonever, *ü##s###*Ö# ttre ::adial èistribution of .the target ðlstril¡¡tion
can be taken i¡to consideration, sr:broutine Ï{Efrpï, a¡pend.ix q.?r.
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, A ænseouence
I of this is, tlrat tlre

ænlriln¡bicns frun fr¡el br¡rdles at
ttre target distibi¡tion is ænstant þ ûr" radial diæction. Ite

terms fibrn the ¡nripho:al elsnents tl¡erefor.e nay d,istort the

acbua1

, i.e.
' '' ::: ''Pc
*í\(sr- lì;)\' /

z
k

Ñ' -:.
PI= 2

Ll

(3.S)

in one horizontal place

where rT
L = r, á"iil.

rl
n = nurilcer of firel elsrBnts

:.:-:- . _.

Tlre results iJ¡ s.rti*r'.:'

will denpnst¡ate tle d.ifference betvleen tlre æst fr¡¡¡cEion assurptions.
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AsLive rcds

lttre rod participating in tlre rod withdrawal schene are divided

irrto grorps, wtrcre elt rcds witJli¡r each grotp kHtia"rrtically.

The rods ac:ting as independent control r¡ariables are llrllè ca1led'

ractive tffiB'. ftre grorping of tåe rods has to be rnade i¡r srrch

sit
a \,.ray t¡at. t.l1e srryerppoi#tion principle,can be a¡plied wittt

reasonable accuraqr. Tlais rrpans, that, the rrcd tips of tr¡¡c

a,rq- 4-
adjacent grotæs å..-!Ë=å. sepgated at least. * distar¡ce co:res¡nnd:ing

. .. :, , :.:.

to four ncdes, see fiútler ref (1). ., 
'' 

,'

lbreover,inthetrDlverpreùictiont=|=-i'itisaser.rred''that

eactr :¡od only inf}¡ences the 4 x 4 neigtbourilg fuel bundles.
.''

flrus, tlæ fi:el br¡nÅLes i¡fluenced by each rod are listed in a filet

see sr:broutj¡re EIJNSffi,, a¡pendix W, 2,

For each rcd gr:orry ttere is a rnaxi¡n¡n and rninj¡rn¡n i:roñ,ion depth

defined, wtrich seates f crcnstrainEsof I rrariables.
ts

ffinotrtÌ¡m t*!sä-a precaution/rnade to ar¡oid

"ri-:aging", i.e. tlre oscillation of a rod between tæ ¡nsitions.

Such a probløn rnight appear close to an cptirrun point.
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Fuel oonst¡:aints

Íhe folloring êgêffiåSg rargins have to be tested for each indiviaul

rod nrcvenent.,

.APLIGR - average planar linear treat generation ratio
e

IJGR U¡rear heat genenatircn ratÞ

CPR - sitical- por^ær ¡:atio

envelope-
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:,Ihe caisuJ.ation of all tt¡ese tras to be niade for þdn

-:-.i. :. md+i'¿¡s d.r-. Srrctr appro>rirnation nethods are d.iscussed ín (1) and rsill

*J -i, --

'be fr¡r:Etrer desæibed in section

,Initial \ralues

In appendix I an input procedr:re is indicated, that will be irçlenented

soon in tlre future. Tkre present input fornat is different.

Final values

.dy tle target rrah¡e of the por'rer.dístrilcr¡tion ard. tlre bulk poræn
'.'..''.

are given. TLre final rod pattern is-. rnt specified. It w'iIL be
-:".J,..

a firnctiofn of the given #*#åt target po\¡ter ðistrilrrtion.



4. qIM-TNE OF TITE OSTIMIZAÍICbI METTÐD

..i .

:,... ..

philosophy ôf tt¡e ''sêaich
,*" fuii"fy a feasible

"',,'the initiaf calm.tations, t€ sea¡rctr d.irec,tsion calcrrlationf 
,'/

,l tt¡e linær search procedr,rre, tlìe test for constraints and tt¡e

,',;,.: determination'of tlre fi¡al soh:tion. A q¡stenatic descri¡rb'ion
:

,. ,. ,; of the flos of the Prcgram is fourd in appendix |hz

Initial safuul¿tiens -:.:.-:.

Ihe jnitial pCI^¡ei ôistrjjution and correspørding rra}¡es of ttre

therrnal rnarrgjns are calculated., usj¡g_the æAIvl oode. This calculation

constiruæs rh" ".'J J;W,',Æ:;r)^rbe carred the,,orisin,,

i¡ the follovring discussions. TLte calcutation is rnade in routine

ORIGIN, see a¡Pendix ø. 2r,



lthere is rp analytical way to dete¡:nine the partial

[he dranges ard determine* ttre
DrÐ88., "ææi:J&t' 2r"

see the subrcutine.

If ttle absolute rralue of tlre gfadienl is snall enough, or if ttre gradierrt
'- t,,'-:-.:, r,-,.^ . ellUtnt -:. :''
is Ësitive, tfpnã ñ¡rther-¡ed'iS mde in t¡e "feasible

search t lr*EÍÈEnl {a a a¿a-<-<-h. 4 ireçh'ø*P
ðirection ,).

212 b¿low ,'t"

The reason for t-¡e rene$/ed atterrpt is ttre nr¡rerical accuraqf. TLre DCAIU1 core
/ Clos¿ l¿ lt^2 tu;;rwu'+Yv
calculation of cor:rse has a limited accur¿Icy.

the i¡fluence of ¡nr,,er calculation enrors is arçlified jrl tåe gradlent calculation.

.. : "---.::: ':-r'l

As the'roa nr¡vements are defjned only bV integers, tt¡e calculaled

graðient is tnncated to the nearest integers. Tlris can be illustaated

by figr'¿/,
I

shcwÍ:rg the case for tr'.ro rod gforps r, and rr.
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I'l'Letlllæ gradient èirecuion J, is trr¡ncated to tJre pohær {*

Fltì+s v¡ilt define the pattr for ttre u¡rear search, see belov¡.

at

æ

t¡ealongpoj¡tfirsttt¡e.fFtestedLs
a:+2- I

iøfGfcrrfate¿

i¡¿ivi4froa grolæeach-bycaused

çrrolæsrod*sütt¡reasreler¡ant

str)acel-ndifferent

-9clnngetlerrnal

maaglJlthemal

EhæêpCItJer

tosfrcßtntfti=

rcd

llhe

llt¡e

ctnnges

(1)

-tl*r, 
à ièåbil¡ie'djreceion is calculated, see belov¡.

routine CALGRD, a¡Penôix f.
i. .:;:--. 

:
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Calculation of feasible direcbion

,. . ,, . .:::::.::: ii , SeafC/r¿{
ttre tebsi¡fe direction i:as¡+ÊF+le edgdeÈeê if arry ttrerrnal

na¡gj¡ has been violated at tle. first step along the ¡nthr defj:red

of the constraiJrts an e>rharrstive search for tÌ¡e feasible direction is

rnade. úte ÊåtË*. l'¡rârtial derir¡atives";' calculatea #***t*ë earlier
-i

:

tion.three ¡nsitions, onq'node withdrawal oi :nserC,ion or f,€ the origin ¡nsi
-......- .:; l . --::::.. -:.'- ': -- : po S ì *i'O r'l

eor+{-grorylÈhis-næatìs Às tlre sçerþctii*,ien princþle is atrplied

iLlustration rnade fig l, vùeretlæ

dashed ünes irxlicate tt¡e search for tlre feasilcle d'i¡eetion'

If the change of the æst fi:ncLion is r¡ot sttfficiently negative. Wíil
j¡r arry dj-rection tt¡e searcty'sti[ continr:e¡f. llLtis is made in

I
order to avoid, loca} nrin¡¡naJ+a=*ic*ly close to thte çËit1

&
IrdJrifrlntt¡

# TLre ccnplete search is-¿rnade for tt¡e minjJrìJn
¡

r¡alue of ttre cr¡st fi¡:etion in a grid, cont:.ining üÑo rod withdrar^¡als

or-
¿É inserEions

caleulationc

the one node DCAI4 calculalionsr See "Ii¡ear search"$# below.

@
Ítre point, having the rnini¡rn¡n value of tÌ¡e cost fr¡nction wiII ncw be

the oriqi¡ for the next
l4,A ?"lq¿loà'ar s

search direction. Tltt 5u'4 roæh'<-

t'

for each rod g:rotp. :fhe pcnrer and tlrerrnal nargin
rnal¿ uifll-

are nc¡,¡rbmclten the non-líne-ar predicLion, based on

4t i.s co)-t¿d FE A Ðt P
AAÅ- OV¿f C O rYL¿ P

-.- 
--*---l 

'
Ll ttt v f t'C ol t.t A-a</u)CA4/¿ S .
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iU*tr=tion'of ,tt* t"."ible direclion.
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Li¡ear search and po,ver change o.*åaion

ftre trÉ r,rrithdrawals or insertions have been defi.ned frcrn the

feasi-ble ðirectj-on or tåe gradient calculationsr ard tlre

lnssiJc1e ¡;ath is stored. ÍLle path is defj¡edr so that, tÌ¡e

rod grorp wittr *fi*ffi the largest rove¡er¡t, is changed one

r¡ode for eact¡ steP. crL
. -t l&V,*<z l.

2

fn sr¡UÉ¡puU:¡re S4TEST¡d,e power prediction and the ti:eunaf lnargin '
iJ::I-

predicÈ.ion are perforned accordi-ng to the nethod dessi-bed in ref (1).

-" ": : .'

nefore tfe po^er prediction is rnade it.. i" oramined if the roa .':
. -:.- .:.. --

. - - -.::.:.

rrithd::ar,¡al or j¡ser¿ion is alloÉt accorùing to the rod ncn¡enent

corr"tt # s,.¡bnoutine DIRIE|T. If ar¡y rod rrcvenent violates 'i
tle n¡-Les tl¡e acbion will be tJ:e sane as if a tl¡errraJ- *tgin h^"

been violated.

For one step at a ti¡re along tlre search path ttre porer is predicted
¡rcuious : &-

based ott tfrlt/one step calculationsr+edc+aqil-. út tlre:r¡al mangi¡s
:T

are tested. If #$# no tlrernìal narrgin is violated., then tlre prediction

- ænti.¡rr¡es along the ËåSå: ¡nth for NS4Ð( steps, where N$fÐ( t1pically
¡

nay be S-A./mere a tËargetr is defj¡redr see below-
o

Cetuk'i'*-
If arry tterrnal rnargin is violateri i n a -f-itr step, .tJren a new search

direstion has to be found. t###-g-n A" ffi,tfut"no rnargin

was violated w-i}l be defined as a ns.¡ origin. If this new origin is
o nQ \- E yTEP!__

close erough to the old æÅçj*r (nornally less tlran 3 stepd),tlen the

r..erar gradier¡t is calculated r,ritÌ¡out naking any nevJ DCAI'I calculationt

(NSqÐ(=S has been used in the tests, section 5).
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Íhis is called an "a¡prurirnate d.i¡ection derirratir¡eu, ard is dessi-bed

belop. If tbe ner æigin is rncæ t]¡an about tt¡ree steps away frcnr

ttre old one, then tt¡e nerr¡ origin is defined as the 'tâ$getr.

{-
lf r¡o cmstraint is tor¡r¿ along the ünear search tl¡e mi.:ri¡rn¡n poiJlÈ

along the linear ¡nttr is fotmd. Again if tlris mini¡ru¡n is

close erough to tbê S*+*å referer¡ce pojnt (less Lfian NS'IPI steps)

tTre a¡proxirnative derir¡ative is calculated. Ot}¡e:îfize tt¡e mi.njJnfit

point is defj¡ed as the ta:rget.
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direction derir¡àt'ive

r--ferlìË6e a¡proxirnate di-rection derir¡ative ûâSêÊ calculates

thre ga.adient analoçous to t¡e first gradierrt calculation' fhe only

d.ifferer¡ce is, that æA¡'1 calculat'ions are rþt used to fi¡1d ÛP

perfornance j¡xlo< changes for one rþde rod witHrav¡äIs frcrn the

#öfåt##* refererce poi¡t. Instead ttre nonli¡rear povüer prediclion p'e//t"/'

is.used¿# As sæn as tlìe gradient' is calculated

tþe sare ki¡yl of tn¡rcations of the seal:ctl patþ and tests of
c

thernnl nrarrgins are perfor:red as desdril¡ed' earlier'

úJef
Target calc'ulation and cLrange correction

After 5-8

has to be

**d*.

L- ¡- 
r i

steps frcnr the reference p"jo{" nev¡ trAl4 calcul¿tion

perforned i¡r order to keep. the acsuraq of tle calculations.
''s ca-'lle{ 

.ag. tlre rtanrgetr.

Thp acEr¡al pcruer predicted. by DCAI"a is ccnçnred withr the a¡proxirmte

pred.iction at tlre target, and ttre d.ifferer¡ce fo::ns tlre base for

the ænection of the previous predict'icrns'
( 4as/ re

Each lnuer ard tl¡el:rrìal nrargin prediction betl^¡een tfre <Àråçda
þ*tz-<z- Poø'a*

tanrget are Þr corzected arxl tt¡e thennal rmrgins are t'este' once

5tì t/
rTr)re. É.fno tT¡e¡rnal rnarrgi¡ #L is É violated along tlre path

ard tlte

-- 
. -.J,-. !



then the target is defined as the new origin i¡r subroutine TGTII\TT'

appendix 2. If , horwever, any therrnal nrargin is violated along the

path then a ne\^/ DCAI4 calculation is rnade at the last feasilcle

poi¡1t along the patLr. In otLrer \^Drds, the control is given back

to subroutine ORIGIN' see #É##appendix 2.

Fricnr tJre new origin tlre calculation of the search d.irection is

repeat€d aLL cñ/er again a¡d a new liJ:Iear search can ëö# subsequently

be perfonred.

Determi¡ation off i¡ral solution

u/
several paraneters are ¿k:nta' that' r^riII det'eunine if the fiJra1

solution has been reached.

The rrratu::alr stop of tlre algorittun is, v¡tren the giradient is

snal1 enough, In a feasíble d.irection calculation it nay not' be

Snssible to fj¡rd arry feasiJrle di¡estion ttnt' will sê$$make

ttre cost function decrease. Thren a variable MIES1I is set 0

ard ttre oPEimizalion stoPs.

Í'axi¡rnm/
rn"'@ of steps taken, i.e. ttre ür6pþ+# total nr¡nber of

ror^¡s i:r ttre rod w'ithdrawal table is given þr the user (Nst'IN()

ar¡d limits the calcr¡lation.
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5. RE-CU:LTS

l¡tre i.-arfor:nance of the oplimization algOritl¡m has been testæd

by r-r-sing Oyster Creek data, q¡cle 8. Different' nr¡rber of rod

g:þræs Hå##Ëë#ü+*###-åS#{f##å as weIL as ðifferent rod g1orpings

trave been *ë#*êfl r¡.sed in the calculations. Several i¡riti"al cond:itions

r¡ere tried i¡ order to oramjne the risks to get trapped in local

rrLiJüJIEr.

Tke problsn of local minima wiJ-t be illustrated by ttre figrrres 6 and 7.

Five rrcd gr"W: viere used, and tlrei:c ¡nsitions are indicated in tlre

diagframs. T1æ iJritial corditions are the sane and ttre target is defined
,17

as tTre æ<ia]- distriJruEion ÊS$$ at. tle 96t bulk pcrÀter as inôicated

j¡r tlre figu:es.

Ïtre first for-r steps are identical,. In figure 6 tlren a local nini¡run is

for:nd. In figiure 7 the featr:re of tle feasible ?.

d.irection was then ctr,anged', tiat allcm¡ed

a search of all cirangles wittrin tr,vo nodes jJlstead of one. Ítrus tåe

l_ocal mi¡:i¡ru¡n could be arrcided, and the algoritlrn found oracEly the

sare tarrget d.istrilcution as tlre one used in Qrster Creek.

.?1
In figure 4 arô 8' different. jrLitial crcnd.itions have been appliedt

bltt. the tarrget uial distrjl¡ution is no$¡ a trapezoidal shape, sjmila¡

for aL[ fuel #ü## bu:ðLes, i.e. t]re perforaance jndo< of (3.f) with

(3.3) ta]<en into accour¡t. 4
For tÏ¡e tvsc differerrt initi-al corditions the sane fj¡al rod pattern is aclrieved.

EVen if tte final distrjJ¡ution looks satisfaatory' the bulk ¡nwer is

too nnrch different frcnr tlre desi¡ed r¡alue only 948 instead of 99?.

This gives ttre notir¡e to change the perfomance i¡rdex slightly.
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llhe cost frsrction (3.2) has been applied in figr:re I0. 86S8Ê+1

fÏ¡e i¡ritjal scrdition ar¡d ttre rod configuration is the sane as

those of fig 9. Fon a ¡nrfor:nance irxlor with tËl the results are

identical between'figir-rres 9 and 10. For N=2 and lF3r to'arever, the

final SêÊg$ bulk trp{¡¡er is beconing nnrch closer to the desj¡ed

bulk porær. ìF3. sestìs to be a satisfactory oqnnent in order

to achieve good resulting target, dlstril¡utions.

Ihe optimization of figrure 10 \,\¡ith lF3 is fi¡rther illusLrated þz

figures 11 ard 12. The target radial dístiibution has been uriform,

åë#ü**# 5*re resr:ltirg raðial distril¡¡tion calculated fron the

algoritlrn is stpwrr in figfr.rre 11 and is ccnpared \^Iith the actr¡al

distijl¡¡tion, achieved 5n Oyster Creek. ffid##ëËüt# ftre actr:al clrange

of the Ë#*Sö*A*åü* ctcsb f¡.urction along the search fnttr is denonstrated

5n figrure 12. l{otiæ the drarnatic SËåS9ê$êff$ÊS6 break after 4

steps. tüd#låü+#S*ëË##

A ñ¡rtÌ¡er irçronrenerrt of th¡e final d.istrjJrution can be achieved

if the perfo::nance indot is changed to the fomt (3.4). Íjfe p"rjpfr.t f

elenerrts contrilcu¡e too nn¡ch to the previous æst fi¡nclions, causing

distorted. optjranû ualues'of the d.istriJ¡r-rtion. With the cost ñ:nction

(3.4) ard keeping ìF3',the resulti.::g d.istriJoution is de¡n¡nstrated

in figr-re 13.
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6. PARÀMHIER, CÍIOTCES

Tlrere are ser¡eral ¡1.-r:aneters that will affecE, ttre rezult of the
op¡irnizaLion. Here Aæ paraÍeters for tlre DCAI{ calculation are r¡ot

rentimed, onlY those of tLre o¡rt'Ímizer.

1'he perfonnance j¡dex has been descrjloed in section 3. It nayr ttowever,

be easily changed, if a nr¡re favor::rable structr¡re r.¡culd be fourd. It is

defj¡ed in a sepa:cate sr¡brcuUj¡re. fhe possiJcilitíes w'ittr tlre existing
L

stn¡str¡re of ttre æsE fr¡rcEion have r¡ct been exfnustied. Ífle radial

wieghting fi:r¡ction rnay S also be used as a tool to obtain better results.

The ænt::ol rAd configr.ration has to be chosen by ttre usêr. Iüot only

the n¡nþer of rod groWsr but also their location@

can be set differendly. D:ring ttre ccnputation d,:ifferent rod grcr.ps

IrEy be set acEive and others ¡nssive. Or¡e exarçle mY b, that only

shallorp rods are allou¡ed to ncn¡e at all dr:ring ttre fj¡st Phâse of the

optimization. lüort wrtil any constraint has been flit the deep rods

are set astive.

lltre ¡nralreter NSTIPI (allor^rirrg ttre approximative derir¡ative to be used

\^r-ittú:r a certai¡ dist¡nce frcnr the origin) or ttre NStrP (na:ri¡nr¡n nrmÙcer of

steps betrlveen tlre origin and tt¡e target) rray be chosen d.iffererrLly

\iùen rûf,re operience of d.ifferent cores has beer¡ gained.



7. $reæSTIONS FOR FUNTHER, RE.SEARCH

TLre steady state optimization rnay certainly be irçrcved firrther.

Ìüatr:rally a crucial point is tl¡e accurac,l¡' of the non linear pot/€r

predicbion that. rpçv allov¡s 6-8 steps of pred.iction. Er¡en if tt¡is

is Wë* sr4:erior to ar¡y otlrer ]<nown predictor it rnay be further

irçroved. Pareiculärly the pred.iction of the üfãR ard tåe errvelo¡n

nny be nade even rtnrre accurate, if rn¡re stnrctr-re of tl¡e tnargin

coefficients is taken i:rto accourt,.

n¡rther eperiences have to be obrtained about local ÍLilliilìa.

och ¡nssible to ways to ar¡oid thsn.

A-s desæil¡ed in section 2 tt¡e epÈiriltzation steady state optimization

is only a part of the trar¡sient optimization, tlrat wiIL be the

ulLinat€ goal for this #*ä#Ê r,ork. Ilg[dever, it appears tlat tÏ¡e

steady state cptimization rnay be the crucial step on tlre way to solve

the cn¡erall reasbor start-rp problen.

7

a
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Äctually- l+ì.ra po\¡¡er pred.ictlons along tle part-fron -the-origin to tþ-----
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after tlre tarrget has been reached, and *!ilfHff sub:puLine ÏlrllEgr ís used
:;i, .t ¡ lr

_ _ onc€ ncre. , the rod. witbdra¿al. table-beÈra,eer¡ tåe. origj¡r and .tÌ¡e
i:

target,
I

.is stored. TLrïs -neans; of, ttfe

derivatSive (APPDTR) only have to be' durring the
ipr*ediction yittnut cqlregtion (lrcORR=L). ensure

¡ltÌ¡at the
:,e
:

direcbion is only used once I,CORR =-3-after #-FEADTR has been falled.

Lij<ewize MæRR = 2 after tle

I

that APPDIR i-s used on1 once frsn tl:e referenceI
i:

. (APPDln) to nake sure
L

---point to þe target. "'
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-- - Sr¡b:¡outine .APPDIR

----riiið- is onle calted if for:r conði are satisáied sirm:ltaneou.s1y:

i
I
I

I

7 (the mì¡xi¡ru¡n' stepsol tåe thetof,f Nff'

I

6-8. In ott¡er !|)r&, tl¡e
- .ent'

_grarqng..qaçgl_ on- appro . Xi¡grte- pred.icLions

- - ----is only allov¡ed 3-4 steps fron the ÐCAl4-reference-¡nint

lürEsl

(3) derivative is only corrected once from the referenr:e

pojJrt to the target. After eBpOm has beer¡ used once''then ll@RR = 2

that ensr:res tÌ¡is ænðition.
=(4) IfIt.tr ìlrEST

ffi##*ËË*ö APPDïR is cnly called, if there is no ljmitation for tïe
rcd ¡nrve¡rents frcm tte last, reference point. - i'--- -
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