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ABSTRACT

A new: ‘method hesvbeen developed to assxgn barnable poisbn‘ loedings#fin
the -opt1m1zetxon ‘of Pressurized Weter Reactor core reload design. The 7
method ueiliiei successive linear programming to detetmzne-'the edesxge¢°7
burnahle' poisen loeding. The' optxmum 1oeding is selected‘aftet.;hee
evalnetxon of all cend;dete loedings close to the desxred loading. eThe"-
design method was ipplemented as a sab- program in the nodal ceee;
enelysis cede‘ SIMULATE. The _techmnique wee‘ applied to :e-design'F"

Commonwealth ~ Edison’s Zion Unit-1 cycies 9 and 10. Signifieent’

improvements were ech;eved in cycle length. number of BP rods reduited;},-'

"'end‘ power ©peaking. The present work complecely entometes the coref
reload design problem, significantly -decreasing thei'time and effort:

required of the_designer.



(1. INTRODOCTION

1.1 Existing Method =

A method for the optimization of core reload design has beenr aavs1dﬁaaj

hand reported by previous researchets. An algorithm based on this methodir'

lfwas implemented as a sub-program within "thef LWR nodal core_’analysisr;>7

’computer program, SIMULATE-E.2 The procedure was essentially div1ded/f
'into two separate optimization processes. The first is’ to determine the_“

fuel loading pattern that yieldsA,th longest cycle.' Secondly. thevi

burnable pozson (BP) loading is determined to »control them_core powermg

peaking of ‘the optimal pattern. The complete optimization procedure““v'

;710816 is shcwn in Figure 1. The optimization problem is made separable o

in this manner through the use’ of the Baling depletion.3 By using this'f'
constant power depletion.‘the best loading pattern can be obtained‘

totally 1ndependent of the control strategy. "7_; B

The method used in the fuel loading optimization fis ':"direct'vseurchi',fr;hV

technique _which examines all possxble two assembly exchanges from a_‘

,user-input base loading pattern. Assembly exchanges are performed which:

f:yie1d> an 1ncrease in the cycle length while still meeting peakinglf-w’

'constraints.v This procedure is repeated until the cycle length can 'no. '1’ o

. longer be increased by fuel shuffling. At this po;nt. the direct search“_,
vhas been completed and the optimal loading pattern ‘has. been identified.’

_The final loading pattern. and thus the 'optimum' cycle length, areflmh"
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strongly 1nflnenced by the initial guess loeding pattern because ;thes
search: is vnot exheustxve, but only a subset of the complete fnctoriel

problen.

After the optxmel fuel loeding has been selected.‘ it ;Qallng“'bnif"t67
determine the* requzred burnable po1son power. control: Zrhgg*ngiiis*
' scconp11shed’ltbroo§h* a ‘linear programmxng solutlon ‘ib the ‘second
optimization ‘problem.' In tbe d1rect search nlgorithm. the obJectivev
fnnction was the mexxmxzatlon of the cycle burnnp. | Ind tbxs routxne.
boeecer.vthe object1ve ess to minimize the dxfference‘between the sctnal
,power dxstr1butxon and some _'target'l power dxstr1bnt1on.»? Fo:l tbe:'
Vcontrol pr be truly optxmum; it would ‘be necessnry to have‘nn opt1mum;
Poeer shape as a vtnrget.‘ Thxs.‘ however.kvis‘ in‘,1tself l;d faxrly‘-
»sxgnxfxcant :problem end ~is not addressed in thxs work Instead.‘the
Halxng power dxstrxbntxon from the prevxonsly determxned optimal ‘fuel\

’losdxng ‘pattern is utilized.

rThe solutxon methodvemploys e’successxve lxnear programminévtechnlque in’
which the»power disttxbutxon is represented as a lznear fnnctxon of the
:bnrnnble“absorbersloadlng. This procednre is. performed at each burnupv
step, gzvzng an optxmal BP trace thronghout the depletion. Typrcal
resnlts of thzs procedure can. be seen in Table l.vidIn”'tben table. ‘the
assembly posztion is gzvenlzn terms of the row and column 1nd1ces of the
'.assembly 1n the sontheast octant of the reactor core (wzth posztzon 1, 1

1being the‘core center), For the cnrrent work. as in most core deszgn :



'v,‘TABLB 1, Optimal BP-LOading‘késults from Existing'uethodv

- Cycle e . o Assemblvaosxtxon

Burnup  ---==m=-=--s=smmesssossssososososssomommmomoTeT T

(GWD/MT) (2,2) (4,1) (4,3) (5, 4) (6.5) (6,6) (1,2) (1,3) (1,4)
0.0 2.2 6.0 5.4 63 3.5 1.1 6.2 5.2 2.1
2.0 '_ 2.9 6.4 61 . -6,".'7: ._5,.4, ‘ o;'7'_,  6_. 2- 6.2 0.6 |
4.0 2.5 6.5 6.5 1.4 61 1.5 5.6 7.2 0.0
6.0 3.3 1.4 7.7 8.5 6.9 2.2 1.0 1.5 0.8

8.0 5.8  7_.9." 8.7 9.3 74 3.3 1.6 1.3 42

10.0 4.9 4.8 6.2 6.9 6.7 4.4 6.4 6.6 4.2

12,0 0.0 0.0 0.0 0.1 4.1 5.2 3.0 3.7 3.1



work, octant symmetry of the reactor core is assumed.

Thevmajo:"sﬁoitooming of this present mothod is that the-‘b:ooeonre‘ is
not completeiy\'eotomated. In fect.»ao it is now,‘tﬁe cooe teqnitee;a
great deal of user interaction in the design ptocees. This Hteqoires
that  theh,uset ﬁpoosess et'signxfxcant amount of 1nszght into the core
desxgn problem. Ftom data snch as that in Table 1, the desxgner must
select e_ BP distrzbutzon nsxng avexlable desxgns;k: Cnrrent des1go,
ptactxce’petmxts only mnltxples of fout BP' pee 'ussembly.v‘ And. iofk
fcontse.v thxs _loadzng is held constant over the entxre dutetxon of the
cycle. Thus the engxoeet io faced thh 'the non-ttxvxal task of»_
»seleetinﬁ a BP loadxng whxch (sanect to the obove ctxtet1a) best fits

the time varying non-realxzable BP d1str1bntxons returned by the code:

Even after thxs has been accomplxshed. the desxgner s work 13‘ fer ‘f:oﬁ
over, To validate the core desxgn loadxng, the engxneet must pe:form a
setiestof depletion celcoletions."if;‘at any point in 'the'_depletion.,
the core power oeeking limits are violated,.the‘Bf Loaoingfmust:be H
adjusted and the procednre repeeted Tﬁisrstep in thev desisnv pfoeess,t"
whzch is besxcally u trial and error proeedure. is by fn: the ;ost tioe:
eonsumxng und lebotxous. Fxnally. even when th1s 'mannal itetetiohitie
complete and - a BP loadxns which conttols power peaking has been found;
it Stili remains to be seen whether or not it is the 'opt;mal' BP

disttibntion.



1.2 Objective of Current Work

Bas1c311y.vthe ob;ectzv; of the: curtent work is to Qompletely automate
the burnable absorbot ass1gnmont process. This wonld ‘make the oversll
,, opt1m1zation procednte both fastet and mnch easior for the core design
engiﬁeqt. Instead of the code tetntnxng a different, non realizable
namber of‘BP's for each burnup step, the updated code‘ will. retorn 8
single B? loading thnt jg physically realizable. Ih addition, fathe;
‘than ;imply‘acqepting‘the,fitst BP distribution that ‘meets vthe core
peaking const:aint;. the improved method selects the lqtding that gives
the cygle of greatest iength. finnlly. the gew :code"isv totally
antpmntgd._,f@qpiging,1nq,mnse? ';ntetactibn‘nﬁd‘u minimum of additional

.inpnt, 



2. BP ASSIGNMENT METHODOLOGY

2.1 Imtroduction

The' exxstxns BP essxgnment method reqnxres the designer ?to’Vbeifcfm e
large portxon of he desxgn work mennelly end, therefore. echxeves s'

finel reloed deszgn whxch is less then optxmel. Thete are besicelly twofw :

-\sepetete p:ocesses cn:rently belng donev mnnuelly.:: The fi:st 1s a: L
dselectxon of an 1n1t1al BP loedzng from the lineat p:og:amming .reselts.::
Thei second ls the depletion celcnlet;on end snbseqnent altetetxons to;

: the 1n1t131 10tding due to power peakxng vxoletions.H A methodolosy foriﬁ
”eetomating these two problems end schxevxng 8 more neerly optxmel desxgn“‘

: wzll be dxscnssed 1n the followzng chepter. t_Ihev complete logxc flowv

: dxeg:am fo: the 1mptoved BP essignment -ethod is gzven 1n Fxgo:e 2.f;3i.}""

,:Ptevionsly, the cote desxgnet wes reqnxred to use - petsonel intnxtxon tOL

d-select v the 1nit1a1 BP dxstrxbution from the"non-integer lxneet‘

ptogramnxns tesnlts. Ooe method esed yesh avereg;ng tv BP valnesd?vhf

reterng4:‘et the ‘varxons burnnp steps and nsing the closest avexleble.
ixoumbetofiﬂpftodst Anothet method involved selcctxng the aveilable BP}
"loedink dclosest ,to "the . desxred ‘BP loeding at the poxnt in the cycle,'
teqnxtxng the gteetest totel'.nnnbet.iof BP tod",, Typzcelly, th133
»'occntred et the mxddle of the cycle. et a cycle bntnnp of epproxxmetely
8 GWD/HT. The besxs fo: the curtent -ethod 1s thet : BP loadxng

::best chosen ftom the begznnxng of the cycle (BOC) resnlts.;,e'””
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This can not be ptoven rxgoronsly because of the complxcated physics - of
the ptoblem. bnt rtthet the motivation for this nssnmptxon can be seen

thtough the follow;ng 'heutxstxc' rnles

1. If tho tssombly power is’ too high thtoughont ‘the cycle (thus the

':BOC power, Po’ isvhigh). then the BP loading should be incressed.

 :2.» If the power is too low thtonghout the cycle (P is. too low), the"‘

iBP loadxng should be dectoased

3. If the power is too low at BOC (P - 10') nnd thas too hxgh at the

middle of tho cycle (MOC) tho BP loadxng should be decretscd

4, If the power is too highfit BOC'(P°- high) and too low at MOC, the

_ BP loading shonld'be~increased._

From tho abdve impiied csfrelation between the BOC power and the
cohtroi- requxtements thtonghong the cycle, (P h1gh - 1ncrease, P 1§w
~) dectease). it nppeats that ‘fhbt BP assxgnment can effectively be
performed::at,:thglbeginningyof the cycle. Thﬁs,_thp’lihea:ipgpgramming
ptocodnre‘needgdgly be_eieggtpd:ht4;BOC, with “the ~actual BP loading

determined from these results,

At this point in the procedure, another major difference arises between
the -old'nnd new ﬁethods; ‘Instead of choosing a single initial guess BP
vioidihg, the improved code generates nilvpéksible'BP distributions close

to the optimal BP 103&iﬁ§ ﬁ§ing s Hi-Lo algorithm. This algorithm will
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be discussed in more detail in following sections. Each of these
loadings is then depleted to end-of-cycle. If, at any pointrin the
depletion, power peaking constraints are violated, the case is
terminated and the nexf case is depleted. Following fh; deplstion‘of
all cases, the BP loading yielding the greatest cycle length is chosen

as the optimom.
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2.2 BOC Linear Programming

The ebJecttve £or the optxmll BP loeding search is ‘the mininiietion of
‘the ’ ebsOIute differenee between the ectuel pover disttibntion and the
;tetget power dxsttxbutxou., As mentioned prev1ously, an 'optxmu- power
shape hes yet to be determined In the ebsence of an optimam shepe. the
Haling pOwer shape from the'optimel foel loeding is used as the ‘terget.
This target power does possess soeeiinherent advantages. Haling first
thoposeds thet meinteinieg a constant power shape th;onghont the cycle
would Yield' the"minimem poeer peekieg for a given fuel loading.
Meinteining a constant power &ist:ibntion thtoughoet the‘bcyele - is

referred to esnthe(Heling dep1et;o9. ,

'The key to the solntxon of the BP loedxng optxmxzutxon .problem is 'the
aceutete predxct;on of the nodsl relat1ve powets. Pi ;. If the powe:
' dxsttxbntxons werekcalculated‘by solv1ngkthev'nodel diffnsxon quetxon
L‘(whi‘cli is the stendetd ptocednre). the teqnxted computation time would
:belﬁrehibitive;- In orde: to acceletete the solntxon procednre. s first
drdJr perturbetxon epproxxmetion is mede ofvthe nodal - relatxve power.

‘Th1s permxts the teptesentetxon of the’powet as a lxneet fnnctzen of thev

'BP loadxng. Thxs approxxmet1on~1s given below:

, Ko
Pi=Pt kfl app,_ P
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where,
»Pi‘ » ﬂ='te1at1ve power in node i _ o
‘Pz,'] =Y1nitiel power in node 1 with bese BP loeding
P, ' ' . ’ )
33%*‘ = first order epptoximation of the change in the:

. power in node i due to edditxon of one BP rod
“in posxtion k. ’ :

“,ABPk‘ =’d1fference between the searched BP loedrng and
o the bese BP loadxng and .

K = total nnmber,of BP posxtrons'iﬁ'the core.
The first'deriVative;VEE%” , is determined numerically by perturbing the

BB"leed{rgiedﬁd"'perferming,_etanaard‘ rdaaiv,pewer eeienleriensej Thre
lireer'appteximatioh of the nodal reletive pbier 13 actuaily a Vety:good
one. . The core?evereged reletiVe difference between the actuoal power and
the estimated power is less than a percent. The accdracy of the rfirst
. rdet approxrmatron will be drscnssed 1n further detarl in the follow1ng“

sections.

The objéctive function for the lineer prograﬁming probl#m Qen‘be 'titt°9 s

as
' L "’g R .y
f = min .z,'l Pi - Pi |H 
- : i= Lo
- where,
Pi = actoal power in node i
_ P: = target power for node i
N = tetal-numbernof nodes (quemblies)

N § the core.
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Theyﬁfobleh‘i: subject to the following constraints:

P, <R A= LN
BP, 2 0 k =1,K
ihere,
1nPlimb= core nodal power peukihg-limit ‘

 BP_ = number of rods in BP position k.

Th; gboye ;hree_;elationship are’;,statement of the optimization problem
‘~;th"thb"bnindble'ibsdfbét‘assignmcnt. However, the objective function
reqnires modxficatxon for sélutxon by linear programming methods. - The
transformation of the thtee-cqnations into the standatd LP form' is as

 follows:

'By ﬁ§king nie of the following substitation of an independent variable,

d.
1

S1nce 1t is standnrd practxce to wrxte an optxmizatxon ptoblem 1n terms
.?éf"¢the';m§;igilg;igg' of sOme quantxty, the ob;ective fnnctxon for thxs

"ptoblém:can_d(siliibe.transforqu_ns follows:
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N

f = max ( - S d ).
1-1
Since»Pi‘wjé previously‘definéd as )
. K 9P,
Py =P+ 2 Gpp_ ABFy

k=1 k

the indppénden;:va:iablg divcﬁn be re-written by

K aP,

= —i Copt s
q; = 1 p¢ S+ % T ABPk _‘pi_l.,
k=1
Re~arrqgging gives
| anPI, -
= |'(P - P ) + 3 ABP_ |.
. k—l aBPk k R

The -absolute value in the ob;ectxve functxon is not - accéptable

for LP

. solution: becanse it is not a '11near function. The. ob;ectxve fnnctxon

needs to be re-formulated using additional 1nequa11ty constta1nts. ‘This

e-formulatxon can be shown through the following simple example. 

~ Suppose that the ob;ect;ve of a two region optimizntidn~§roblem is the

"m1n1m1zat1on of ' the varxable Y, sub;ect to. the constru;nt that Y

Ixl. Thxs is shown graphxcally 1n F1gnre 3
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In theeflgeee;ftieefnnctions’efelblotted;‘those'being“f'#"xxi"egdif”Y-;%
-X; .rTﬂe;fﬁﬁetloﬁf.Y}='|X| can be represented as ¥ =X }:ter’ X"Z 0.
‘; and ¥ = -X [ :fO:Y'X]f’ﬁ l'O' .: Even thongh “these  e"fleqﬁelity1
eonstreinte, this" is still nnsetisfecto:y for LP formuletion.vlfot'e;
1ineerlptogremming solntxon proeednre. it[ is’ necessaty' to heve lthe
,obJective fnnction (and constreints) 1n‘termsro£ relationships that e:e“
valid fo: gll renses of possxble valnes.k The sheded area. of the figqre
v‘ i;*:reptesented by the ineqnality constte;nts Y 2 x end Y 2 —Xt:
Tﬁeee.two inequelitxee can tctnally be rep:esented by the ‘sxngle»
inequelxty AYY ‘,Z" |X|.r Now thxs is not exactly the desxted functxon,
since it correeponds‘to the entxte reg;on ebove-‘tﬁeb curve X v%.-lxl;_

,-However,v sznce» the ob;ectxve fnnction is to minimize Y, the‘selntion

procednre would converge to a po;nt op “the cn:ve., Thns.?,the' tiey’ o

'1neqne11ty constte1nts Y 2 X and ¥ 72.,'x can be nSed to replnee~ I

= |xl 1n the LP formulatxon.f

_Retﬁtniegfndw'te?tﬁe.BP optimlzetien probleh;f&;_ein now 'Be'*ee-ititten'

asifellows:t RO fl R ,: T
dp 2 Ly - R %2 Gpp ABP, 1
_ k= 'k
vandoi_
K ap

| ‘ 0 _ p* 4 B
427 LR - BT 2 aBP ABPk 1.

The'peekinslcoﬂstteint can be re-written making use of,the,definition’of
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the nodal power, P,

, K P, :
PO+ 3 =~ ABP (P .,
i " 2 ap, Tk S Puia

S Finully.‘by';eplpcing thevsearch vnritblé ABPk with

ABP, = BPy BPﬁ ,

the system of equations can be re-written in their final form (after

some re-arranging) as

N
f=max (-3 d,)
| =1
Kok, o, . K P, -l | ‘
oY e BRl - a? (P - PN+ 3 =Pl gori=1,N
g BBk TE S TN T2 B, Tk 0 _
£ S K @ a1
- 3 =i -a%¢ -(p, -P% - 3 =+ for i = 1,N
Cm 0B kTGS CH Ty Rk
5 =A-BPY (P, -P%) + § —d-p | for i = 1,N
k=1 BBPk: k lim = 74 k»=1-aBP,k k.
BP, 2 0 “for k = 1,K,

The iihent'progtamming technique used to solve the ibove‘problém is the
revised . s implex x’ne'thod.4 ‘

commprcin1 LP»computét:codes.’ The paiticula:;code used in this work is

- Thi#r method"is.cnrren£1y Employed By t11 -.'
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the IMSL library subroutine ZX3LP.
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2.3 Hi-Lo Algorithm

- The solntioe ef the preceding methemetical programming problem

‘presctibes >t£e desired BP loading. However;vthis desired BP loading is
not phyeiealii reelizeble‘end‘thns net of great value to the 'deeigner.

| A“Bi-Lo elge;ith;f4is 'e£iiize4' te:'detetmine‘ s erecticel BP loading

closest to the optimal BP loading. :

Tﬁe firet tnsk’pefformed byithe Hi-Lo algorithm is the‘detetminetion of
the high end low values for the nnmber of BP rods to be pleced in each
poisoneble assembly. Since current design allows BP's to be nsed in
'multxples of £out only, ‘this co:responds to fxndxng the two mnltxples of
'font‘thet btecket the desired number of BP's. 'Foe exemple. 1f thei
_desired pumber of BP;s isn7.2Aforle certefn‘pesitien. the high and low

velueérwonld'Be‘feur and eight, respectively.

The next etep ie the formation of eil possible combinations of these.
‘hzgh end low values at each BP posxt1on. ance thxs is sxmply s bxnety
decxsxon (hxgh or low) et eech BP posxtxon. the total nnmber ’of these
eoﬁbinetions would be 2K ; where K is the total somber of BP positions.
The 1dent1f1cat10n of allvpossxble combxnetxons is  feci1iteted by the
abeve' fect. To 'generntev ;hese combxnetxons.‘ a;l one hesvie do is
K

convert the 2 nﬁmbets'frehlo'to 2 -1 from decimal to binary.  This

tesnltsv iﬁ5 a 4 d131t number consxstxng of ‘nothing but 0's and 1' s. In
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thxe reprosentation, 8 1 in the i’th bpositionvin,vthez.binnrrj nnmﬁer
corresponds to the placement of the hxgh nnmber of BP's in the 1 th core
BP pos;tlonsl Sxm1lerly, a 0 corresponds to _theh:loq -nnmber ‘of BP'sr
, Gicen below_ 1s an exnmple of the transformetxon from decxmal to bxnary"

to BP loading representntion.

-Decimal anery BP Loedxng

100 1100100 Bi Bi Lo Lo Hi Lo Lo .

The‘nnmber_of‘BP combinetlons formed is expnnded;when'the'deslred:number o
of BP's for ”anf-*poeition is Very clbse to en‘avnlleble'loadini.t»ForH
example. if the desrred number of BP's is 1.9 for a part1cnlar posxtzon.
then. loedxngs of ”4 8 and 12° BP's in that posxtxon are 1nvest1gnted

These additional combxnetxons are formed utxlizxng a verxat1on ‘of “the

.binary transformetron routine descr1bed above. Exactly how close the:
desxred number of BP’s and the avarlable nnmber of BP' mnst» be is

specxfxed by the' user, The 'tolerence used for all of thxs work and

recommended for any snbsequent anelyszs is 0. 5 (one half of one BP rod) %

This tolerance may, however, be ndJnsted to vnlnes ranging from 0 to 2,d»'f'

in order to increese or decrense the number of BP loadxngs exnmxned.rvin‘b
the 1nstance where no acceptable BP loading is 1dent1f1ed, the tolerance
;shonld def;nxtely~be-relexed.‘ To the other :extreme,- if en uawieldy
nnmber of BP combxnatxons are created.,the toletance mny be - txghtened.»

The total nomber of BP combxnetxons is given by
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[1]>
where,

) [?] = number of combinations of n items

taken 'l at.a time
| K = tOtal nnmber of BP positions in the core
n = nnmbet of positxons in the core where ’extra' BP locd1ngs
are consxdered

'Utilizing basic statistical theory for the determinstion of [?] , the
nbove equatioh‘can be re-written as

n
'Y K-1
N 150 TT(a-D7 2

If thétg tt§ no."'ex;ta’;'poéitions (n=0); the previous relationship
reduces  to ZK;-:‘ iﬁich is ﬁhenbase namber of combinatiéns‘discusged_
Cearlier ing£h$ §e§£i§£}f On the other hand, if’every_BP position is an
'extf;' position (n=K); then the:number of combinafions swolls'to 3x .
A gtabhiéa; ;ept§§6nta£io£ of ihis rel;tiog#hip is givﬁn by ;Figure 4.
Th;v;néﬁéijliﬁifVShbinJ}nltﬁ;'figa;e*is simply due to the declared array
size in ;hb' ching itself- Realxstxcally,» this npﬁetv limit would

*prdbably never Be apptoached due to the relatively high cost of

depléting such a large'number ofvcasbs.
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2.4 Power Reconstruction and Case Pruning

The first order pertnrbet1on epproxxmatxon dxscnssed in earlier sectxons
‘was fpndementel to “the. solutzon of the optim1zetxon problem nsing a

linee:dptegremming.techniqne, In the solution prqcednre, a metrix of -
| aP. | |

P W
JaBP ’

are calculated numerically.
‘ | Sl

linear  sensitivity coefficients,

Thie sensitivity matrix is used to approximate ehe‘ nodal power
;vdisttibntien. as the B? loading is iteratively modified, As an
edditienel'bedefie this mefrix may also be used to estimate thev:power"
distfibntion tesnltidg from each of the ,cendideee BP loadings
identified by the Hi-Lo eigorithm. Similarly fo the reletiqnship given

Tindsecfion 2}2;'£he nodel'poier'ie'gdveh by

K ap

‘_Pz(m) ='P‘+k31 T ( BPkSm)v- Bp;»)
whete,f’
,?z(q) = eeconst:ncted'power in node i,eithvBPscombidetion m
P;} = reletive»bower;inlnode i»wi;h,optimel BP ibading
BP; =-optiqe1:BP'loeding for node Ek

; B?k(ﬁ)?:ﬁﬂ“ldading.id_dodeuk injcembinetion m

i fxf J-e#ftote;,numbetfog_BP;ﬁo@itione in the core.

”Thns, wzthont a txme consnmxns normel power caldnlation.v'a' telativelyE
‘eccnrate tepresentet:on of the nodel power dzstrzbntzon may be obtexned. e

A comparxson of the teconstrncted powet end the- SIMULATE cnlcnlated



porer for e partxcnler BP loedxng 1s ngen in Fxgnte 5 | Of pertxcnler

note is the relatxvely small everege ebsolute dxfference of 0 9%

In order fo mrnxmxze compntetxon time and thnc cost, an erceesive'ndober
of nodel powervcelcnletions shonld be lvoided ’ Thxs can be eccomplishedf
by elzmxnatxng 1nfees:b1e cases before the normel power celcnletxons sre
performed »pThe: cntrent.method 1ncorporetes one snch prunxngwprocednre
‘in 1ts celcufetionel scheme. The pruoxng perdmeter”‘cnrrentlyn used i;
vfhe‘ nodel power peekxng. If the max1mnm power peakxng exceeds a ptesetﬂ

'11m1t, the case 1s d1scarded and the followzng case is examxned

The preset peeking lxmxt 1s based on two' mn1t1p11cetive fectors "t:beée‘
'QOdtl'~P°!°t ‘peaking llﬂlti BPliﬁ; and & power peekzng tolerence
ouitiplier, PPMULTI The user 1npnt bese limxt, PP , 1s derzved fromf .

therﬁel' hydreulic safety consxderatxons and prevxons core operetxonal_

dete. For this work, a fairly typxcal value of -1.33 ias 1mp1ementedr

The pesking tolerance multiplier is applied to Qrelex the pelkxng’;, -

‘limitations on che‘reconetroctedpporer vdistribntions.f_ffhe’-motxvet;oodls'
' for:'this,releretiod.i; the,error;introdnced-byitﬁetifoeer eppro:ioetioo‘
made in-»thev power breconstrnct1on.. rBesed on power'vidistribnffon
comparisonev’for: several different bnrneble poxson loedxnge such as thep

| one given in Fxgnre 5, the overall average percent d1fference iisp fonnd ‘
to be apptoximetely 0. 5% with a stendard devxatxon of about 0 ﬁl. froo :

besxcvstatxsticel;theory, it is 99 7% cortain that. all dete poznts are .
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1 0.953 | o X.XXX | <= Reference Power
o.982 o S ] XU XXX | <= SIMULATE Power

*3.0 .} " | +X.X |<= % Difference
RS S o o +0.9 |<~ AVG % Diff

'._lwliOf g1;EQ9_f__
1.139: 1i.278°
- +2.6 | +2.3

2] 1.020 | 1.227 | 1%034
+2.0 | +1.8 +1.1

1.217 | 1.338 | 1.174 | 1.143
1.228 | 1.349 | 1.173 | 1.140
+0.9 | +0.8 | -0.1 | -0.3

0.868 | 1.276 | 1.181 | 1.285 | 1.128
0.872 | 1.279 | 1.178 | 1.278 | 1.118
~+0.5 | +0.2 | -0.3| -0.5 | -0.9

0.754 | 1.077 | 1.322 | 1.089 | 1.2855 | 1.006
[ 0.752 [ 1.074 | 1.311 | 1.081 | 1.242 | 0.994
-0.3 | -0.3 | -0.8 | -0.7 | -1.0| -t.2

| 0.815 | 1.194 | 1.264 | 1.179 | 0.858 | 0.345
0.810 | 1.187 | 1.257 | 1.179 | 0.856 | 0.341
=0.6 ] . =06 | =0.6] +0.0 | =0.2 -1.2

|'0.301 | 0.387 | 0.422 | 0.311
| 0.299 | 0.384 | 0.419 | 0.309
| -0.7 | -0.8 | -0.7 | -o0.6

o thu’__:‘_o 5. "B(')C‘-»anr 'Dis'ﬁéribqﬁi‘on.»Codﬁuriso’h_ Cycle 9 = Cis'q 2
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within range of ‘; + 30_ . Thos, all‘recoﬁgtructed nodal power; Shéuid
be wiﬁhih' 0;5 + 3(0.5) or 2% of the nctu;l.nodal'p;;;r c;lbpigtidibY—.

SIMULATE. The peak powers (Pi 2 1.3) tﬁaf are of most ‘i#térqitifh;fo; -
were iptediciﬁd' slightly mbre accurnteii; ﬁith allrrecbnst;héféa'fgdf

‘powers expected to be within 1% of fhd’SIMULATE'poieriQ"

It follows, then, that a multiplier of 1.02 would effectiiély-hgﬁdounﬁ
for the uncertainty in the reconstructed pqwerk¢isfribntions;:'?hif'
mnl;iplier i; also nser-inpnt. and may be altered if necessary, but‘this

value is recommended for any subsequent work.

'Tﬁis proning procedure provides a significant reduction in ;hé'nqmber of
cases -which must be 6viluatedv using' the normal power’§;1cu1ations1
EQdallj impbrt;nt. hoﬁeier, is the fact thit 'Qﬁile many' cases‘ are
discarded,‘ no potentially successful cases .are discarded. The
teIutiQely loose tolerﬁncg‘insnres thuﬁ all BPilosdings ;hat are even
‘close to being acceﬁtnble ‘;ro passed on to tho‘ next‘stgp in the

selection process,
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2.5 Casé,Dopletion and Optimal Selection

.Tho £inal'st§p,in thb cd:o>dosign process is tho‘deplekion of . all the
cases that p:s?bd thé‘pthhigg tost‘dosctibed in th;rﬁteviods section,
- This is by-faritﬁeﬁmost time consuming portio# of. ghe code, involving
nuﬁetous powof disﬁ;ibution‘ calculations for each depletion. The
optimum BP loading is Selectqd aftg: all cases have been 'depleted to

EOC.

For a particular loading pattern to be aécqptable. it mnst‘méet power .
peaking constraints throughout the cycle. Thus, in the core design
PtP?QgS;YtFPWCOIO powo:vpegking' mast be chéckgd,at each .gtop - in the

deplétiqn, In:gdditioﬁ. tﬁq;bq;hnp steés must be smail enough to insure
1;hat p6wq::peak§ng yiolatib#s do not occur betwgpn steps}‘Thisv,checking
process i§ included -in the codofs depletion p:océdnte. If, at any point
in the depiétiqn. the poﬁerspoiking limjts.a:e exceeded. the. ‘depletion

is terminsted and depletion of the succeeding case is begun.

ffn;t a#'in the power reconstruction pruning, the peaiing comstraint in
the core"depletion'dlso includes a poiét’peaking tolbranbe in the form
‘of a maltiplier. In this case, the mulfipiiot.’:PPMUﬁTZ; accounts for
thé*ertot in the SIMULATE power distribution‘cglcnlaﬁio#s‘as cdmpa?ed to
_'Ehé sctoal pbﬁbr‘distribntioh. The qhantitati?c ‘evaluation of this.

‘error is 'boyoﬁd the scope of this work. For this toasbh'gnd basic»
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conseffﬁtism.’a hnltipliei of 1.00 is nséd hete and recémﬁonded in ail.
snbseqnont work As it applies here. conservatism means that while some
potentially successful cases are discarded._the cases that 3;2 deemedt
acceptuble by the code are much more likely to sstisfy tho requxromonts

for louding into ‘the reactor.

After all candidito BP loidings have been deplbtod; it.tbmains only . to
select the optzmum louding. This selection is based on the maxxmization
_ of the cycle length. Thus. of ‘those cases that doplete to EOC, .the Oné;

yielding the longest cycle is selected as tho optimum,



3. APPLICATION TO CORE RELOAD -

3;f7=1#tt6&§¢t;§n A

The 1mproved core reloed design method was employed for 2 re-desrgn, if‘
;Commonweelth deson s Zxon Unxt 1 cycles 9 end 10. The nctuel 1oeding,
'»pntterns for both cycles ere given in F1gures_16 end 7. respectively,'ff

vNote::,T,ea'fnel type descr;ptor ngen for esch essembly 13 sxmply e "

- verieble nsed internelly by the : rogram to dxfferentxete between' :

‘ essemblles of different desxgn end/or fnel enrxchments. The re-desxgn 151
o done ntxlrzxng the orxgxnel fnel essemblxes (1 e.. same enrxchments) lir'

tf drfference between the mow snd tho vold desxgns is the loedxngn

"gggtggn end the BP loedxng.. Thns, the resnlt of the optxmxzatxon is the:,_;,

1mprovement 1n the »cycle length for a- ngen fnel loedins. Conversely,‘at
the code conld elso be nsed to grve e desxred cycle length using e lower:

'reloed enrrchment.

“,'The nodel code SIMULATE hes been benchmerked for both Zion- ’cfciesf¥9*‘

' end 10.” end hes been shown to y1e1d snffxcxently eccnrete resnlts forht‘t:f:"

' desxgn work of th1s type. All cnrrent work hes been performed utxlxzxng;

-thex core model formnlated thtongh benchmerkxng procedure from prevxous}, o

‘work 1 In»addxtron. ell core celcnletxons are performed sssnmxng thet’bd'

'rjequxlxbr1um Xenon and Snmerxnm concentretions are present 1n the core.f':‘

zThxs epproxxmetxon 1s valxd at all burnnp steps except ’BOCfﬂfe whxch?f

b'poxnt these two fxssxon prodncts heve not yet resched thexr setnretxon»7 ‘
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<~ Fuel Type

t 1:f .:1  .  " ’  iv,’ X
: ‘ R <{— Enrichment

X XX

- lao.s20 |

| 2.90 |

..4

a7 |

12,960 -

v 3.
2.80

. les.es0

4.

Ixxoxxx

270 |

13.100

CXX

‘5"

8

‘a.80 |

| v.000"

9
2.80
12 -

) o,oOo»

3.20

'23.200 |

|es.g90 |

2 -
3.20

123.770

2.80 |

0.000 -

L= # of BP
<~ BOC Burnup

l3.20

6

16 .

- | 0.000

3.20

{22.7s0

T

 Cf

|eo.s20 |

lea.630

T?f:flfﬁitﬁié 5. .Rdf;rgnée:Léading'?uttcéﬂ for C7¢1§,9 Lo
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3 . : ' X - Fuel. Typ'e ‘
. 2.90 | ‘ B ol Xaxx <~ Enrichment
‘ ~ . N o XX <- % of BP
27.530 | XX XXX <= BOC Burnup
b 4
2.80 | 3.20
| 1 Te
27 .200 0.000
e 4 e
2.80 3.20 2.80

4 1 A 1
3.20 2.70 | 3.20 2.70
12 |12 -
0.000 |25.060 | 0.000 |24.s500
2 4 B 4 1
2.80 3.20 2.70 3.20 2.70
12
10,400 13.060 [23.160 0.000 {25.100
4 2 4 4 A 5
3.20 2.80 3.20 3.20 3.20 3.60
: : o '8 4
164.990 [14.950 {10.110 |22.080 | 0.000 | 0.000
4 5 4 5 4 4
3.20 3.40 3.20 3.60 3.20 3.20
16 s ]
14.990 | 0.000 |21.570 | 0.000 [17.960 [25.2%0 |
1 4 5 2
2.70 3.20 3.50 2.80

20.730 |10.200 | 0.000 |15.200

‘Filiro 7,  Reference Loading Pattern for Cycle 10
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olovel.. Howevet, ut BOC. the touctor 1s Jnst bog;nning 'its ’tscont‘ to
'jfnll power.»‘ By -u cycle burnnp of 150 MWDIMT the. roactor hns reuchod

41 full power und tho fissxon prodnct inventorxos ‘havo utta1nod thoit:

' reqni1ibrinm vulues.v" In ,ndditxon.b_ot thxs smnilo core bnrnnp, tho_ '2'

‘“_Tbnrnuble poxson concontrution has not chunged uppreciubly fron liti; BOCE,_,
'y"vulue.l_ Thus. performzng the coro dosign culcnlutions ut BOC whxlo
xussuming equxlib:ium Xenon und Snmutinn is eqnivulent to design;ng 'tho;,

Y ore' relond ‘ot_‘u cyclo burnnp of 150 MWDIMT. Sinoo it is at Jnst this' o

3f’bnrnnp stop thut ulmost 311 core: bonchmurking is perforned.v this seemsioﬁ7"”

*;to be an acceptable approxxmntion., The only posszble drtwback with th1s.”

' ormethod 1s the lack of a representntxon of co:e bohuvxot w‘t‘:thQ' uctnull

',_beginnxng of—cycle condxtions. L Powet peuking st tho aotuul BOC shonld; 
”o“ ot poso u problem; howevor, sxnco the reactot is opettting  ;;snch

:’¥¥9'w29'93q1°vgl'~wf

‘The optzmizttxon process consxsts o£ fio sopatatojjstusoozhi,tho fuel o

"loadxng ‘ seurch ‘und tho bntnuble poison search._ance only tho lattet:o_

chus boen ultored 1n th;s wo:k, only the BP ussxgnmont *tesults 1111 be- o

'Idiscnssed 1n detuxl. Tho resnlts of the fnel londing soutoh wzll beo?
‘:fszvon fot comploteness. A moro dotailed unalysis of gge"fnel_ loading‘fv

v%yoptim1zation cun be found 1n refetonce 1 ogfof'"
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3.2 Optimization Results

In prdet to gchiévg thgclongest cycle‘for a given fuely,lpa@ing,ﬂ,itv i;,
necessary to move as moch of the fresh fuel n;,pqssible,;o the core
iptetior. This both decreases‘nenttoﬁ leakage by placing.liis reactiﬁe
 ffﬁg1 on the core petxphery and increases the worth of the frosh fnel by
plgcxng those.assgnblxes_in a;eas of thigh nqnt;on 1mportance .+ The
lxmxtxng factor in hOw much fresh fuel can be moved 1nboard,1s the
1mposed powet peak:ng 11m1t. This peaking can be rpgttially contréllé@ﬂ

thrqn@h the use of a proper burnable poison loading.

Figures 6 and 7 illustrate the loading éattetns that>wete actually - used
in cycles 9 and 10, respeqtively. In both qycqu, ;Afairly l;tgq
percentage of the fresh fuel has been placed in the 56 coré Aperiphetal
positxons. In the cycle 9 loadxng, 28 of the 68 fresh fnel assemblxes
ar?-onvthe periphety, while cycle 10 has 20 out of 60. In addition, the
cycle 9'loading has 8»once-burned assemblies on the‘periphe:y and cycls
10 has 24, Cleariy. there is a large amount.of highiy reactive fnell on
the core‘ periphery. Thas, there seems to‘be a great d;il'of toom‘for'

iﬁpiovemént in the achievable cycle length for both cycles.

| This presamption is supported by the results from the ditecf"séaréh‘
procedure, By moving much of the reactive fuel away '_fronvn the periphery,

the shuffling procedure obtained an improvement in cycle iength of over
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diﬁOd"iuiD/ﬁT..‘Tnc inpnoced fuel loading'pattc:ns are given is Figures 8
and.9. ,In’stcikingicontcast‘to tha actual loadinas. tnc improved cyclc
9 loading has 36 ;z;gg bntned fuel aaacmbliaa on thc pctiphcry and cycle
'10 now_haa,44; Thia yxelda imptovenants in both cycle langth band
ptcaanrc’ voaacl neutron flnancc. Thc latter conaidctataon has recently

: rcccivcd:afconsidc:ablefamonnt of*attcntion.

Thc next stop in thc optimal dcaign procoaa is the datcrmination of a BP
loading capablo of cont:ollang thc powct poaking in thc new fuel
?loadinaa. ‘Since so mnch haghly rcactavo fucl was movcd inboard. povct

vpcafing cont:ol becomca much more dafficnlt. The direct scarch mcthod
nb‘nid;,gﬂowcver.lvapply ‘Q' powat pcaking limit :to ‘the fncl loading
vootinlzation. s0 & fcaaible control stratcgy ahonld exist. Ia fact. in
thc the cycle 9 BP sca:ch,v 31 diffc:ont loadings' were found ':5"b;
acccptablc. Cyclc 10. on thc othc: hand. yioldcd only 2 acceptable BP
: loadinas; The réason for this apparcnt disctepancy ia ‘that the cycle 9
voptimal '£u51 loading had 10 po;sonablc positions 1n thc octant while
cyclc 10 had only 9. Thus, -many d_mo:c candidate BP loadings va:ci'
‘,1dcnt1ficd for vcyclc 9 than for cyclc 10 (2304 comparcd to 1152). Thc
optzmal BP loading was sclcctcd from thcsc acceptablc loadinga for both
dcyclcs., Thc optxmal BP loadings detcrmincd by thc codc for cyclcs 9 and

: 10 aro shown in Fignrca 10 -and 11, rcapectavcly.
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X <= Fuél Type =
: <f'Enrichmentf"

<= BOC Burnup

2.80 | -

fai.220

2
3.20

-
3.20 | a.

Q.000

0.000 |31.620

‘Figsze 8. Optimal Fuel

Loading~Put;etn?fbt Cjc1§ 9,?__;5>
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————————

3 X (- Fuel Type
2.90 X o XX {- Enrichment
27.530 XX .XXX | <= BOC Burnup
2 S
2.80 3.60
13.980 | 0.000
1 2 2
2.70 2.80 2.80
20.730 |15.200 |14.670
4 o 4 1
3.20 | 3.20 3.20 2.70
0.060 |17.960 | 0.000 |24.600
‘e IN 4 4 1
2.80 3.20 3.20 3.20 2.70
10.400 |13.060 [14.320 | 0.000 |24.600
| 4 2 2 4 5 4
. 3.20 3.20 2.80 3.20 3.60 3.20
14.990 [10.110 |14.950 |10.200 | 0.000 | 0.000
4 5 5 4 4 1
13.20 3.60 3.60 3.20 3.20 2.70
14.990 | 0.000 | 0.000 | 0.000 |21.570 |25.060
> 4 b 1
2.80 3.20 3.20 2.70
27.200 |22.080 |25.290 |23.160

,"FicﬁtovD. 'Optimnl Fuoel Loading Pntﬁotn for Cycle 10
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XXX

<- Fuel Type

<—‘Enrichmeht' 

2.90
XX 4 <= # of BP -
20.620 | XX.XXX | <= BOC Burnup
R ,
2.70 | 2.80
12 o
9.810 | 0.000 L
.- & 2
2.590 3.20 3.20
20.620 |11.410 |23.200
5 6 5 4-
2.80 3.20 | 2.80 2.70
12 20
0.000 | 9.410 | 0.000 |{13.100
3 6 4 b 2
2.80 3.20 2.70 3.20 3.20
25.890 | 7.910 [12.770 | 8.270 |21.220
3 4. & 2 6 -
2.80 2.70 3.20 3.20 3.20 2.80
| = s . : :
24.940 [12.240 | 0.000 {22.750 | 0.000 | 0.000
4 6 S 6 6 2
2.70 3.20 2.80 3.20 3.20° 3.20
4 ,
12.960 | 0.000 | 0.000 | 0.000 | 0.000 [31.420
3 | 3 2 3
2.80 2.80 3.20 2.80
22.630 [23.770 |[24.040

25.880

" Figure 10. Optimal Design Pattern for Cycle 9
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(- Fuel Tyhe

3 X
2.90 X.XX {~ Enrichment
X X <~ # of BP
27.530 XX.XXX | <= BOC Burnup
2 5 -
2.80 3.60
4
13.980 | 0.000
1 2 2
2.70 2.80 2.80
20.730 |15.200 {14.670
4 4 4 1
3.20 3.20 3.20 2.70
4 8
0.000 [17.960 | 0.000 [24.600
2 4 4 4 1
2.80 3.20 3.20 3.20 2.70
, » : 8
10.4600 |13.060 |14.320 | 0.000 |24.600
4 4 2 4 5 “
3.20 3.20 | 2.80 3.20 3.60 3.20
, ’ : 4 :
14.990 [10.110 |14.950 |10.200 | 0.000 | 0.000
4 S s - 4 4 1
3.20 3.60 3.60 3.20 3.20 2.70
. 8 b
14.990 | 0.000 | 0.000 | 0.000 |21.570 |25.060
b 4 4 1
2.80 3.20 3.20 2.70
27.200 |22.080 [25.290 |23.180

Figare 11,

Optimal Design Pattera for Cycle 10 .
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comp.figon. ofithree'coteiloeding"eiternetiveet the reference (ectnel)

deeign._the previoue 'optimel' deexgn. end the improved deeign are givenfhk"

janebleev' end,3. The :nperiority of both of the optxmel design: 've R

compened"to"the reference cn:e ie epperent. The length of cycle 9. wes
1mproved by over 1000 MWD/MT while cycle 10 eaw an incteeee of over 1500h
MWD/MTe _:Also. the number of BP rods neceeeery for peekins oonttol vee
rdeoneesed;, This decteeee vas quite dreetic in the cycle 10 deeign,e
°.whe£;' thed‘nnmber of BP': ‘was more then cut in helf The focue of this :
'work. hovever. is. the 1mptovement of the optimizetion ptocedure.' whichd‘

is evident by comperieon ‘of the new und old 'optimel' reeults. :

The new optxmel design of cycle 9 gnve a elight 1mprovement 1n both the_
nchievnble cycle length nnd the nnmbet of BP': teqnired as compnred toi
the old optxmel deexgn. The cycle was lengthened by ebont 15 MWDIMT

while using 32 fewe: BP rods. This 1mprovement el:o ooincxded with a

' ‘,enell.teduction in the cycle meximnm power peeking. In fect. thei oid'

"optimel des1gn would not heve been consideted eccepteble by the preeentv

deeign method due to peeking violetion:.

At first it may eppeer thit-the old optimal deeign sfor“eyele 107vis*jb”'

. superior to»:the newer deeign in thnt it re:nlt: in an identicnl cycledh'h

length vhile neing elightly fewer BP rods. Hovevet.' wh11e the ;01d"

:design does "give‘.en equel oyole length, the povei vpenking'.isb S

eignifieently‘highervthen the new optimal desiga,
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TABLE 2. Comparison of Loading Patterns for Cycle 9

Loadint Pattern

Reference “OLD NEW
Cycle Length (GWD/MT)  11.944 ~  12.964 12.980
Total Number of BP's 496 480 448

Max. Power Peaking  1.3146  1.3342  1,3253
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TABLE 3. Comparison of Loading Patterns for Cycle 10

Loading Pattern

Reference OLD NEW
Cycle Length (GWD/MT) 11.638 13.241 13.241
Total Naumber of BP's 544 256 288

Max. Power Peaking ~ 1.3420 1,3457 1,3295
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A more detailed comparisoq of the pow?r pénking for both cycles ii.giion
ig Tables 4 and 5. Thq' ¢ycle 9 results show that the §n1y peaking
violation of the old optimal design occors at the beginning-of-cycle.
'.As was mentioned elflier, peaking is not an»importtni eogsideratiqn at
BOC. This, coupled with the fact thgt the -power beuking vdoes-'not—
grettly oxceed the lzmxt,‘ would lead to thevconclﬁsion'thnt the old
optxmal desxgn would, in fact. be accep:able. Even so, the peaking in
the new vdesign is snperio: to both the old optimal design and even:the

reference design.

From the cycle 10 reiﬁlts, it appears that the old" Optimai“.désign
_exceeded power peaking iimits for nearly hgif of the Eycle. Clearly,
this is an nnaceeptable dosxgn. Even tho reference design violates the
Apeaking‘ limit of 1.33 .'nlthongh this violation occurs at BOC (sxmxlar 
"to the old optxmal design of cycle 9) ,Just as in the cycle_ 9 desxgn.
'th; new optimal desxgn for cycle 10 is far supetxor to tho old opt;mal

design, wifh a loietlbéiei peiking faetor at nearly every bnrnnp'step.
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' TABLE 4. Maximoa Power Poskiag - Cycle 9

_Cyclém A : Loudmg Pattern -
Burnup ';”?"“--é-‘?*ff----?ff------4--f-9"
(GWD/M’I‘) : Reference ' OLD . NEW.

) o,o~__—.f._1.314f‘_ 1334 1.309
30 - 1315 1.309 g
.0 1.309 1299 1.8
. 3}0. .'.<:ﬁ1.3o6',' 1204 1297
4;0 o 1.283 ) _ '1.296vf,"1 13010
5.0  1.283 " ' 1.300 1.309
60 120 1sm 1317
80 5§ffi;2é4 1318 1.325

1000 1.296 0 1305 1,314
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o  3rApLx.5;,’uiiinnnjropgg Pesking - Cycle 10

Cycle =~ l o Louding Pnttern o
Burnup ’-"""'-—'-°'-v-‘f'-v--'--?-ff-f-f—-éfl—. _
(GWD/NT) *ﬁROfOthcov’._,'OLD © - NEW

0.0 :}'f1.34z  "'3 1.345” ‘fj" 1.330 H :
10 1207 31.341*: 1323
 2.o’f,iff‘,1 273‘ v.”t“iQ336}' B 3zs1f7’
a0 nas iam o 1a

so 124 1 im0 |
YA5;6j _ '_ ;i.§51a1 f 'E1 320;¥1¥f ;i;3;57{‘
‘ ' ‘:6,0 1 'fi‘:igi§4   .ff;1 316 -fﬂ,3;i;3i5 ff o
113,0.  ,';v 1}258'-:} '11,31olf";FV';.31z5,, 

o0 1.2s1 1300 1305
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4. CONCLUSIONS AND RECOMMENDATIONS

With the completion of the oresent work, there now exists‘ a completelf
antomated method for optimizing the bnnnable poison loeding for a co:e'
relond design pattern. It shonld be sttessed that the method is cnpable
of performing ;glggg design only. The code is not designed to be nsed’
for startnp cycle design. This is dne to the fect that in the 'stettnp
core, all of the assemolies are 'fresh"end available for BP loading.
The code 1s'simply not capable of hnndling sack 8 lntge nnmber of

poisonable assemblies.

The inptoved;method‘will'seve the core designer a gresat deal of time and
effort., Perhaps even more significantly, the design wotk‘can‘now be -
perfotned by'indiVidnals not having a tremendouns amount of insight or

experience in the'core reload design problem. This makes the code ideal

for otilities desiring to become vendorfindependent in the designing of

their own reload coree.

The major benefit of the. improved BP assignment method is - mot in
lengthening the cycle, for it is becoming more and‘more evident that the

BP loading has very little effect on the echievable cycle length. Its
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greutos;»bworth ,is' in deternining:a burnable éoisog ioadingvthat makes
ﬁossible the safé dper?tion,of the optimal fuel losding ﬁattern. _Also,
the .improvod method investigates s far greater number of uitefnitive'
londing strntdgios and thetofﬁre inc;@ases the. likelihopd  thut thg

safest and most economical scenirio is chosen.



.Ltsheslbeeh‘showh in_prevvi;ohsf"’v'tork1 that the control strategy hes but “si
, mlnorbheffect ‘3@ the echxeveble cycle length Thxs ‘theory is fnrther
supported by the corrent work The dxfference between the longest"snd
the‘ shortest cycles thst were deemed as scceptsble by the code is less

then 40 MWD/MT for both cycles 9 and 10.» This would seem to lesd ‘to they

conclusron thlt the selectxon of the optxmel BP loedxng on the basrs of _

cycle length s ‘hot' ‘sach a vrable alternat;ve.‘ cher : poesxble
elternetives for the ob;ectrve fnnctxon 1ne1ude the hinimizetion of'the
totsl nnmber of. BP rods snd -the mxnrmxzstron of the power pesking.j'The
mrnxmxzetxon bof the totel nnmber of BP rods in the core would obvxonsly
lower fuel cycle costs by reducxng the cost of fuel ~fsbr1cst10n.»p_Thls
wonldi slso» lesd _ﬁoﬁ an lessenxng of the reectxvrty penelty due to BP
: residoe.' The minimiistion-of the core power pesking grves no . exp11c1t
benefit 1n terms of cycle length or fuel costs. It does._however, grve;
’rxse to a lerger mergxn - of safety, which »could ultxmetely outwe1gh.

exther of the sbove benefxts.

: The,eotire fonndstioo'oftthe. burnable ahsorher ‘asslgnﬁent ;method. is
based on the sttempty to‘bachieVe some. desired power dxstrrbutxon.'
TheOretlcally, this'tsrget'power- shepe -is thev optrmnm~ power shspe.'
Since this: 0pt1mum is currently nnknown, a Ealxng power drstrxbutxon was

used as 8 target in the present method. Unfortunstely, however. this is.

most probsbly Bot the. optrmum power shepe. The method wonld be 1mproved v»"



if the true optimum power distribution:coold»be‘determined.'r This ‘task -

is: cnrrently being nnderteken here at Pnrdue.-

The cnrrent nethodvﬁrovidee an adeqnete tool‘for optimrzed reloed desisn
ntilizing disorete 'burneble ebsorher rode. Thrs is by fer the mosti»
common meaoe of power peeking control in todey»e-reeetors. However. the:
‘inherent edventegee ofvother typee ofvebeorbers. such as gedolxnxe ’ ;ha»’
IFBA mey soon lead to the replecement  of the discrete ebsorber rod;,’
Therefore._' it _wonld be. edviseble' to~ exemxne the‘ poesxbxlity of'
incorporetrng the use of these other types of ebeorbers into Ith9 core‘

reloed design nethod
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APPENDICES
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APPENDIX A: SOURCE LISTING - -

Thq:fpllowingfpartigl soarce listing giips all  9£ the  majof routigaijv
that wete'éithe:’crented or altered in this,work. 'Exclnded,are toutinps_*ﬂ_’

with mimor or cosmetic changes.



00001
00004
0001
0017
00018
00019
00020
00021
00022
00023
00024

100025
00026
00027
00028
00029
00030

00031
00032

00033 -
00034
00035 -
00036
00037 .

00038

00033
00040

00041

00042

00043
00044
00045

00046

00047 -
00048 -

00042
000S0
00051

00052

000S3

00054,
00055 °
000S8. .

00057
00058

000S3
00060

00081}

00082
00083

00064
00065
00068
00087
00068
00083
00070
00071
00072

00073

OO0

(gXzlg

21

30

00074

- 00075
00076

00077 - -

00078
00079

-~ .CALL READX(CONC.LP12, ITAPH, 1,ND»JD»

- SUBROUTINE PARTB'

CHARACTER#8 ADATE, BDATE, IHTIME, JHTIME
DIMENSION JOBNAM(2) o
LUGICAL_IUDID-ICNTRL.IFIRST.LEUELU.LEUELC
LOGICAL DEPL(50000),KPFRST :

DIMENSION IBP(SOOOO.EO),IRUH(&O)-JCOL(EO)-EXP(B-B)-CGHC(S.B;S)“

TEMP=0.0
ITEMP=0
NBPERM=1

" DEPL(1)=.TRUE.

MOPTIM=AL(46)

IMABWR=MODES (2)

IDEBUG=0

IFIRST=. TRUE. .

CALL QSSNDMDF (*LEN=*, 16, *MSG=",’#» IN PARTB #«’)
CALL TIMER (SHPARTB,2)

LAUSED(2)=LAUSED(L)

INITIALIZATION

IEQL=0

TEP=DE

TIMXE=0.0

NEC=0"

IBRN=[BURN

ISTEP=0

FIRST=1.0

CALL PAGES (10)

LINES=LINES-8

WRITE (ITAPQT,10) , :
FORMAT (,45X, 44HBEGIN COUPLED NUCLEAR - HYDRAULIC ITERATIONS)

DETERMINE THE TTERATION LEVELS INUOLUED IN.THS CASE.
1UOID=.FALSE.

IF (NUMAX.GT.0) IUOID=.TRUE.
‘ICNTRL=.FALSE.

. {F(MODEB(S).GE.3) ICNTRL=.TRUE.

'IF (MODEB(S).GT.S) ICNTRL=.FALSE.
THE 'HALING ITERATION USES THE CONTROL ITERATION LEVEL DURING

" THE END OF LIFE EXPOSURE SEARCH.
, IF,(HODEB(S).EQ.S.RND.HDDEB(ID).GT.O) ICNTRL=. TRUE.

NC=0'".

- NU=0
NS=0
TXL=1.0

ITERS=0

* 1SRCH=0

‘LPMEM = NPARTA

- LNEED=NMACRU*NDIM3D

IF. (MODEB(1).EQ.0) LNEED=NDIM3D

4P§§TB‘
F200CPY

BLOK4 -
. gPUS

QPUsS -
OPUS
aPus

oPUS

aPUS
OPUS
PARTB

PARTB -

PARTB.
SMCY1
PARTB
PARTB
PARTE.
PARTB
PARTB -
PARTB

PARTB
PARTE
~ PARTB

PARTB .
PARTB

" PARTB .

PARTB -
PARTB -
PARTB
PARTB
PARTE
PARTB

“PARTB:

PARTB"
PARTB -

© PARTB
PARTB

PARTB
PARTB .
PARTB

PARTB
_ PARTB
- PARTB
" PARTS
" PARTB
_ _PARTB -

PARTB
PARTB

_PARTB
:PARTB

PUT ONLY THE SOURCE TG POWER CONUERSION FACTOR ON I;O'FOR 1 GROUP. . PARTB

CALL: NEXTPT (LPMEM, 10, LNEED, 20HCROSS SECTION

LNEED = NSTATE#NDIM3D - ' v

CALL NEXTPT(LPMEM, 18, LNEEDs ISHSTATE UARIABLES)

CaLL gEéTPT(LPHEﬂv24-HDIH3D920HTHERHQL LEAKAGE )
LPW=LPMEM o o

. CONTINUE

NITERS=1 _ : :
CONTROL ITERATION STARTS HERE
CONTINUE -
[0SC=0
XL CEXKEFF
LEUELC=.FALSE.

1BPAS=0

S KSTEP=L
NC=NC+1

KPFRST=, TRUE. ,
IF(MOPTIM .LT. 2) GO TO 40

-"CALL POWDIS (nsp.xchRL.rneauc.IcPTEx.xosc.rsaca.:unin.
_»;!:LEUELC.LEUELU.LPQXLS»LPBU.HCDEFS-HCRGSS»HEDITS-HEDTS-HEXPOS-
3*‘HFLUHiHPOHER,HSDURC:HUOID-XPOLST.XT.IFIRST-KPFRST)

D0’ 80 I=1,IMAX
. KDs LPXTR(123)
DO-80 J=1+ JMX(I) . :

EXP(1,J)=CONC(NC4s Js 1) ,

“CONTINUE

' ”‘CALLiPOISPUT(Q(LFSRC)vﬁ(LPXBR)yKSTEP.ID;JB.HITERS.IBPﬂSo

= DEP.ICHTRLoIDEBUG.IOPTEX-IDSC-ISRCH:IUGIDO ‘
gt |rnrynflQovrﬁ.lPRU-NCDEFSvNCRUSS!NEnITSiNEDTSONEXPOSO

PARTE
PARTB

PARTE
. -PARTB
" PARTB

oPUsS
XXX2
PARTE
PARTB
PARTB

_PARTB

PERTE
KXX2
XX%2

‘PARTB
. QPUS
- "OPUS

XXX2

T OXXX2

CPUS

-OPUS

OPUS
gorPUS
OPUS

. OPUS
. XXX2.

XXX2

- XXx2



00080
00081
00082
00083
00084
0008S
000886
00087
00088
00082
00020
00021
00022

00083
00024
000295
000S6
00087
00028
00099
00100
00101
oo102

00103
00104
0010S
00106
00107
00108
00109

00110
0011l
goll2
00113
00ll4

0011sS
00118

00117

00118
ooLle
00129
goial
ooLz22
00123
cola4

0018s
00126
00127
00128
00123
00130
70131
00132
00133

00134 -

00135
00136
00137
00138
00139
00140
00141
00142
00143

00144
00145 . -

001486

40

"NFLUH.NPOHER:NSUURC-HUOID&XPOLST'XT'IFIRST-

‘.'KBPOS.NBPERH.IBP.DEPL,IROH.JCOL)

IF ( IDEBUG.GT.0) GO TO &80
IF(IBPAS.EQ.0) THEN

Nu=Q0 '

NCa0

G0 70 30

.. ELSE

. ENDIF

© CONTINUE

NODEP=0 -

NDDEP1=0

{F(MOPTIM .EQ. 2) THEN

“ URITE(B,50) : , : S
R 1 1h1, 1%, 624 PERFORM DEPLETION OF ALL ACCEPTABLE INTEGRAL 3P

0
'CDHBIHATIUHS:o{'SX-Sl(lHO))

000

o060

00147 . -

ENDIF

00 665 KPOIS=1,NBPERM
PTEMP=0.0

XTEMP=0.0

IPEAK=0

JPEAK=0 » :
IF(.NOT. DEPL(KPOIS)) THEN
NODEP=NODEP+1

- GO _TQ 665
~ ENDIF-

© INITIALIZATION

IEOL=0
DEP=0E
TIMXE=0.0
NEC=0
1STEP=0
FIRST=1.0

. 1BRN=IBURM
DETERMINE THE ITERATION LEVELS INUOLUED IN THS CASE.

- 1UDID=.FALSE.
IF(NUMAX.GT.0) IUDID=.TRUE.

ICNTRL=.FALSE.

- IF(MODEB(S).GE.3) ICNTRL=.TRUE.

IF{MODEB(S).GT.S) ICNTRL=.FALSE.

“THE HALING ITERATION USES THE CONTROL ITERATION LEUEL DURING

“THE ‘END OF LIFE EXPOSURE SEARCH.

\IF\(HODEB(S).EQ.S.QND.HODEB(lo).GT.O) ICNTRL=.TRUE.

NC=0 "

-~ NU=0

- NS=0
XL=1.0
-ITERS=0

1SRCH=0 ‘

LPMEM = NPARTA
LNEED=NMACRO®NDIM3D

IF (MODEB(1).EG.0) LNEED=NDIM3D

CPUT ONLY THE SOURCE TO POWER CUNUERSION‘FACTUR ON I;O FOR 1 GROUP‘f

CALL NEXTPT (LPMEM, 10, LNEED, 20HCROSS SECTION
LNEED = NSTATEeNDIM3D v

CALL NEXTPT(LPMEM, 18 LNEEDs 1SHSTATE UARIABLES)
-LALL NEXTPT(LPMEM, 24, NDIM3D, 20HTHERMAL LEAKAGE

- LPH=LPMEM :
“IF(MOPTIM .E@. 2) THEN

XP0=0.0
‘XT=0.0

. XPOLST=0.0
" NTOTBP=0
DO 1 -K=1,KBPOS
- 1=IROW(K)
. g=JCOL(K)

1F(J .EQ. 1) THEN

~IF(l .EQ. J) THEN
CNYY=1 : o
7 ELSE
CNYY=4

"ENDIF .
ELSEIF(I .EQ. J) THEN

" :NYY=4
U ELSE




00148

00149
00150
0015t
00152
00153
00154

00155
00156
" 00157

00158
001SS

00150
00161
00162
00163
00164
00165
00166
00157

00163
00169 -

00470
00171

00172 -

00173
00174

00175

00178
00177

00178
00178,
00180
0018%.

00182 -
00183."
00184

0018S.
00186

00187

00188
00189 -
00130
00191

. oo01se

00193 .

001294

00138S.

00196
00197

001388

00199
00200

00201

00202 -
00203

00204

00205
00206

00207

00208
nAn309

CO0000

are
C .

: ::ch XKEFF

in KPFRST=.FALSE.

300

’ ENDIF

000

310“

5fu“1CAL% sﬂgHUU (H(LPQ) ACLPNPCR), ﬂ(LPQRQY)-R(LPHTCH)-ID-JD-IRMX;LIHRR PQ@TBf S40_b
1Y LIMPAS) L :

330;_

. CONTINUE
.jCONTIHUE

- PPMULT222(52).

 ENDIF -

IF(MOPTIM .LT. 2) THEN

CWRITE -CITAPOT,300) .

IR (L NOT. ICHTRL) GO TG 3390 -
. TF-(NC+GE.NCMAX). GG TO 320

~ M=MODEB(S)-3
T -GO TO €340, 350,370)+M
© 340
350
- 360.

" NOTWT=ANOTHT

Nyy=8

CENDIF. ,
NBP(I, J)=1BP(KPOIS, K)»10+(NBP(I, J)/1000)01000
HTUTBP=HTOTBP+NYY*IBP(KPOIS.K) ,

ENDIF =

CONTROL ITéRaTIon STHRTS ERE o
10SC=0"

L EXPOS.NFLOH-NPOHER-NSOURC-NUOID-XPOLSTvXTvIFIRST-KPFRST)
IFC(MOPTIM .EQ. 2) THEN '
PPLIM=A1(39) -

IFCSMAX - .GT. PPLIH*PPHULTE) THEN
NODEP 1 =NODEP1+1

GO-TO: sss ISR ,
ENDIF - R AN v
IF(SMAX GT. PTEMP).-THEN ' .
PTEMP=SMAX = .- x ot A
IPEAK=MAXSI -

JPEAK=MAXS.J

XTEMP=XPO

ENDIF

END - dk-trﬁirsftéutULnfron o

EUERQL AXIAL AVERAGE DISTRIBUTIOHS

CaLL EDTL (SsMZ,MZ2yMZ,M2,MZ) ' ' j
" IF(MODEB(S).£Q. 1 .OR.MODEB(S).EQ.2) CALL HTBﬁL(a)
“CALL -PAGES ( 1S+KMAX)

WRITE. (ITAPN, 300) -

. FORMAT, (/=4X.=?HQUERQGE AXIAL DISTRIBUTIONS,//»
l ‘11X, 4HNODE » 8%y SHPOHER » 8%» SHWATER, 7X%» 8H SUURCE -7X.?HTHERHHL.?Xr

© THCONTROL.. 1 1%, LHK,. LOX,8HBYPASS/ =« -

3 35K, ZHDENSITY. 21X, 7HLEAKAGE » aox'8HIHFINITY¢9X.4HUOID/ .
-4 25K, LHP. 13X-;HU'13Xa1HS.13X.1HTvIEchHCT-lBX-lHK-12Xo2HBU/)
CALL AxIALP (ACLPAXLS) s KDe.70 22HC 12X, 124 7F 14,45 12%s 12)» ITAPOT) .
-CALL RXIQLP (ACLPAXLS) KD.?oEQH(lEX-IE 7Fl4. 4.12X.I=).IT9PN) L

.RPPLY THE CONTROL cEARCH CQLLED FOR BY--MODEB(S) -
NU‘ Q-
1F (NC.LT.2) 60 TO 310

IF - (LEUELC) GO TO 390 L
'CONTINUE. E

CQ%L NHNORD(NAH, SHSEQUENCE, 8) B

‘G0 10 360

PEaLl NRUCRO(NAM, BHPATTERN ,8)

'ANOTUT=NOTHT - -

"CALL. NHHORDCNAMC13), SHPOSITION, 8)

CALL SEARCH(SR(4),ANDTHT, HAM, NAMC13)s XKEFF s XLMBDA» ISRCH) -

IF (NOTWT.LE.0) NOTWT=0

: Fpa
GO TO 380 _ 542
CONTIMUE S Sa3
"HALING SEARCH -(SEE- szcan/srcnaT) Sag

IF. (MODEB(10).EQ.0) GO TG 380" - - S4§

" CALL NHWORDC(NAM» 8HHALING Ds8) © o 7o =0 5o wiidns PR ! 117"
CALL NHWORDCNAM(13), BHEXPOSURE,8) - v»},A,H;sncvxz_ 118
CALL SEARCH(SR(S), DEP, NAM, NAM(13)5 XKEFF.XLMBDA-ISRCH) S geevt 1190

.CONTINUE . -7 'PARTB - 549

6o TA 30 o o , © . PARTB. . . 550 .



00210
- 00211

 go212
00213
" 00214

00215
- 00218

00217 .
=+ 00218
00218
00220

00221

- go222.

00223

00224.
00225

- 00228
00227
00228

© 00229 .

00230

- 00231

100232
00233
00234
002338
00236
00237
00238

00233 .

00240
00241

. 00242
© 00243

00244
00245
. 00246

00247
© 00248
00248
00250
© 00251

002sa. -

002S3
00254

00255

100256
00257

00258

00253
00250

002sl

.- 00282
. 00e2s3
00264

©. 00263 .

' 00256

00267 -

GGG LT T R

390

‘000

© 400

CONTINUE
NC=0

END UF CONTROL LEUEL ITERQTIOH

LPSTGT—NFLON
LPMEM = LPSTAT + NSTRTE'JD’KD

" LNEED = LIST#NDAT#LIMNFT
. CALL FINDPT(LPHEH-LPDRT-1S-LNEED)
. LNEED' = KDIM®UMKNFT

CALL FINDPT(LPHEH-LPKTAB-l?oLNEED)

LPSIG = LPMEM

LPEON, = LPSIC + NMACRO#JD#KD
LPENLD = LPCON + NDwJDwKD
LPWF-= LPCNLD + ND»JD#KD

-~ LPTKN = LPHF + KDsLIMNFT
_.LPTKN2 = LPTKN + KD#LIMNFT

NEXPOS = LPTKN2 + KD#LIMNFT

. cALL CLSI2E (NEXPOS. LAUSED(2)» 20HEXPOSURE/EDITS )

FUEL DEPLETION CONTROL

w

'USAGE OF IEOL AND IBURM '
“INPUT 0 LT IEOL LT 89 TO INITIATE SEARCH FOR EOL EXPOSURE BY EOLEX:
EOLEXP SETS IEOL=99 WHEN IT SEES EQFPL_OM NEXT STEP. :

IEOL=583 WHEN NO MORE EXPOSURE CALCULATIONS ARE TO. BE MADE

-~ IBURN=0 WHEN AFINAL SOURCE CALCULATION IS TQ BE MADE.
. IBURN=1 IF NO MORE SOURCE CALCULATIONS ARE TO BE MADE

IF (DE.EG.0.0) IEOL=939

'IF. (DE.GT.0.0.AND.XPO.GE. XPOMAX) 1EOL=999
IF(DE.LT.0.0.AND.XPO.LE.XPOMAX) IEOL=999
-1IF '(IEOL.E0.999) IBRN=l
“IF_(MODEB(S).NE.6) GO-TQ 400
. IBRN=1

“1E0L=339
yconrgnue

~-DEP=DE

~IF +(IEQL. EO.SSS) GO TO 600
- IF(MOPTIM .LT. 2) THEN :
-CALL: PQGES (MAXLIM)

ENDIF

LINES=4

IOPTEX=1

-1STEP=ISTEP+1 _ o .
‘MD12<ISTEP/2 L e
“IF (MODEB(12).NE.O. AND MD12%2,NE.ISTEP) GO T0 480
_IEOL=MODEB(10) A :
“IF  (MODEB(5).GT.S) GO TO 470. ‘

~IF (IEOL.LE.0) GO TO 470.

00000

410

450

480
470

o0n

FULLONIHG LOGIC CONTROLS THE END OF LIFE EXPOSURE SEARCH v
”,°OR XKEFF=XLNBDQ S

4QSSIGN ‘CONTROL  SEARCH PGRAHETER
* ‘MM=HODEB(S)
“IF (MM.EQ.0) GO TO 410
G070 (420-430.440.450;450:430)- HH
- DUMY=0.0

cALL EOLEXP (XKEFF»DE, XPO;XLHBDG.DEP'DUMY.IEGL:FIRST)

.60.70 4

430"
440

70"
CALL EOLEXP (XKEFF»DE.XPO.XLHBDQ-DEP POI, IEOL-FIRST) '

60,707 470 .
- CONTINUE

GO 70 470
CONTINUE

GO TO 470 _ ‘
“SRCH=NOTUT
| CALL EOLEXP (XKEFF.nE.xPU.anana.nEP.SRCH.IEUL.FIRST)'-
MOTWT=SRCH . .

G070 470

CONT INUE

 CONTINUE -

SF (DEP-LT.0.0.AND. XPG+DEP.LT. XPOMAX) DEP=XPONAX-XPO
~1IF. (DEP.GT.0.0.AND. XPO+DEP.GT.XPOMAX) DEP=XPOMAX-XPO
;fsxcan DOES THE FUEL DEPLETION WHEN IOPTEX=1

‘_'xpo-a1(1)+nap

603
504
605

506

I3

351
552
53
554
SS55

- 558

SS5?
S58

559

560
561
sea

. S63

%64

- 565

S66
Se?7
Se8-
S69

. 570
571

sve
S73
S74 .
S?S

576
s7?
578
573
580
581

S82

583
584 -
- .585 -
$86-
587
-.588
588
590
L 140
‘581

141

5892
583

S84

585 -
598

S87
538

;1589
‘600
" 601

602

607

- 608
“ g0g
- 610
811
612
813
gl4

615

818

617

618
613
. 620 -
‘621

622

g23
624
gas
628
g27
- 628



~ 00268

100263
00270
00271
00272

1 g0273

00274

00275
00278

00877

00278
_go273
00280
- 00281

'Q.ooaaa

" 00283

. 00284

- 0028S

00286
00287

00288

00283
gg2se
002381
. 00232
100233

100234
. .-00235

00296

00297
.- 00298
... 00223

7 00300

00301

© 00302

©. -1 00303
.. 00304

00305

- 00306

00307
© 00308

- 00309
00310

00311
00312

. 00313

00314
00315

00316 ..

0031L7
00318

00318
00320
0o3al
00322

00323

00324
00325
00326
00327
00328

00323

480
490
S00
510

s20°

S30

540

S50

S60

- 570

IFL(HOﬁEB(lE).GT.O.QND.MDIE'E.EU.ISTEP) GO0 TO 480 -
.G0-T0 Si0 - -~ - - S :
IOPTEX=3 : '

- GO0-TA@ S10

CONTINUE
WRITE (ITAPGT,S00).

HRRMAT (10X, B7HTHIS 1S THE FIRST STEP IN THE STEP AVERAGE DEPLETI

1gg;$gocgnuas,con7R0LLsn BY MODEB(12).) - - ,
ONTINUE -~ = " C e e .

CALL SIGCAL(A(LPSTAT)sA(LPDAT), ACLPCON)+ ACLPCNLD), ACLPSIG),
1 ACLPNFTY»ACLPTKN) » ACLPTKN2) » ACLPUF ) » ACLPKTAB) » A(LPXK),

AL C1)=XP0 R
IF-(IOPTEX.NE.3) ‘GO TO 530
‘LINES=LINES+2 o S
WRITE . (ITAPOT,S520) EBAR ‘ .
WRITE (ITAPMN. 520) EBAR

‘'FORMAT (/10%,S7HTHIS IS THE REDEPLETION TIMESTEP CONTROLLED BY MOD

1EB(12).,10X, 34HTHE. CORE AUVERAGE EXPOSURE REMAINS »F10.4)
GQ TO S50 R E I S

CONTINUE :

1F(MOPTIM ,LT. 2) THEN

WRITE (ITAPOT.S40) EBAR

WRITE (ITAPN,S40) EBAR

FORMAT (~10%,B53HTHE AUERAGE EXPOSURE OF THE FUEL IN CORE HAS BEEN

1 INCREASED TO ,F10.4)
ENDIF

CONTINUE ° ,
IF(MOPTIM .LT. 2) THEN
CALL PAGES (2)

HRITE (ITAPQOT,SE0) DEP
LRITE: (ITAPN,SG0) DEP

FORMAT  (~10X,42HTHE (ABJUSTED) EXPOSURE INTERVAL USED WAS »F10.4)

ENDIF.
IF (MODEB(3).EQ.2.0R.MODEB(3).£0.4) GO TO 570
GO 70530 ‘ ,

" CONTINUE
" CALL-PAGES (1)

. IF(MODE3(12).GT.0.AND.MD12%2.EQ. ISTEP) GO TO S7S
TIMXEL=TIMXE :
TIMXE=TIMXE+XT3600.

XETIME=XETIME+XT~3600.

575 CONTINUE

S80

- 530
- 600

C
c
c

610

620

WRITE (ITAPQT,SB80) ISTEP-TIHXEI,TIHXE.XETIHE

- WRITE (ITAPN,S80) ISTEP, TIMXELl, TIMXE,XETIME ’
FORMAT (10X, LOHTIME STEP ,14,10H BEGAN AT ,F10.4,20H HOURS AND -END
1ED AT »F10.4,7H HOURS., 710X, 32HTOTAL TIME SINCE INITIALIZATION »

2 18H OF CONCENTRATIONS,8H IS NOW yF10.4,7H HOURS.)
" CONTINUE ,

- CONTIMUE

EDIT AXIAL AUERAGE EXPOSURE, UBID HISTORY AND CONCENTRATIONS

IF(MOPTIM .LT. 2) THEN
CALL CLEAR(ACLPAXLS)»7#KDy0.0) .
CALL REWND (ITAPH» 12)

"D 620 I=1,IMAX

CALL READX (AC(LPCON)» LP12, ITAPH, I,NDy JD» KD, LPXTRC12)) .
CALL RXIRLC(Q(LPCDN).Q(LPYY)pID.JD.KD.ND-Q(LPRXLS)-NC4-1.?»!)
. IFCISETL.EQ.Q)
1CALL RXIHLC(H(LPCON).R(LPYY).ID.JD.KD-HD'R(LPQXLS)oNCSoEo?oI)

o JF(ISET2.EQ.0)

> T xy

B iﬁaLL:QXIRLC(Q(LPCOH)’Q(LPYY)cIDoJD.KD.HD.Q(LPQXLS)oHCS.B}?.I)

NCSM=NCS—-1
IF (NCSM.LT.1) GO TO 620
DO 610 N2=1,NCSM

~CALL ﬂXIﬁLC(ﬂ(LPCOHJoQ(LPYY).ID.JD.KD.ND-H(LPQXLS)oNZoHZ+3'?oI)
- - CONTINUE ’ L
. CONTINUE

CALL PAGES(1S+KMAX)
"WRITE (ITAPQOT,»B30)
WRITE (ITAPN,B30)

630 FORMAT (/S4X, 27HAUERAGE AXIAL DISTRIBUTIONS,//,

1 11X, 4HNODE, 5X» BHEXPOSURE » 9X, 4HUOID, 8%y 7HCONTROL» SX»

2 5lH- - = = = - CONCENTRATIONS-=---=-= ,s
'3 38K, 7HHISTORY, 7X, PHHISTORY, 7X, GHIODINE, 8Xs SHXENON,

47%, LOHPROMETHIUM, SX,» BHSAMARIUM, /) .

: E . ACLPYY)s ACLPCNLD) » 1Dy JB» KDs NDs NMACRA. NSTATE, LIMNF T, KDIMs LIST,
3 ]HDﬁTiIQPTEXpDEP:XT?XPQLSTiKPFRST)

l"EHLL ﬁXIRLP(A(LPRXLS)'KD.7.ESH(lax.12.3F14.4o4El4.4o12X-12).ITRPO+,
1 A _ R

PARTE.

PARTE
PARTB
PARTB
PARTE
PARTB
PARTB
PARTB.
PARTB:

-PARTB.

PARTB
PARTB
OPUS *
PARTE -

-PARTB

PARTB.
PARTB"
PARTB
PARTB
PARTB
PARTB:

 PARTE..

OPUS.
PARTB
PARTB"
PARTB.

'PARTB

0PUS
PARTB
QPUS

- PARTB

PARTB
PARTB-
PARTB.
OPUS - -
PARTB
PARTB
PARTB
PARTB

PARTB ©
PARTB

PARTB

PARTE

PARTB -
PARTB
PARTB
PARTB
FTN20OF

PARTE:

PARTB
PARTB

PARTB-.
. . PARTE
PARTB.

CPUS

PARTB -
PARTB
PRARTB
PARTB
PARTB
PARTB
PARTB
PARTB

- PARTR
" PARTH
- ‘PARTB

‘' PARTB

PARTB.
PARTB

" PARTB

PARTB

“PARTB.

PARTB
PARTB’

. ‘PARTB

PARTB

"PARTB
‘PARTB

PARTB

PARTB

629
630
631
832
633

634

835 -
636

637
638

639
640
142
642
643
644"
645
646
647
648
649
650
143
651
652
653
654
144
655
145
656
657

. 658

658
146
660

661 .

652
663
664
665
6686
657
668
663

670
671

673
874
675
676

877 -

678
147
679
680
681
682
633
684
83S
686
687
588
639
630
631
622
6393
634
695
636
637
638
6339
700
701

. 702

703



00330

00331
00332
00333
00334
00335
00336
00337

00338 .

00339
00340
00341
00342
00343
00344

00345

00346
00347
00348

00343
00350
00351
00352
00353
00354
00355
00356
00357
00358
00359
00360
00361

00362
00363
00364

00365

00366
00367

00368 -

00363
00370
00371
00372
00373

00374
00375

- 00376

00377
00378

00379 .

00380
00381

00382
00383
00384
0038S
00386
00387
00388
00389
00330
© 00391
00332

‘ CéLL‘RX:RLP(H(LPRXLSJ-KD-?oEﬁH(lEX:IE:SF14.4-4EI4.4-12Xs12)-ITﬁPN) PARTE

GET 3D EDITS OF CONCENTRATION FILE ARRAYSs EsUs IsXE,PH.SH
LPMEM=NFLOW :
CALL FINDPT(LPMEM,LPSRC,11,NOIM3D)

LPE=LPMEM

LPXE = LPE + NDIM3D

LPU_= LPXE + NBIM3D

LPCON = LPY + NDIM3D

LPTKN = LPCON + ND=JOeKD

LPTKN2 = LPTKN + KDsLIMNFT

LPWF = LPTKN2 + KD#LIMNFT

LPMAPL = LPWF + KD=LIMNFT
LBMAPE=L.PMAP 1+MAX0 ( JD*KD, S76) .
NEDTS=LPMAP2+KD*16

- CALL CLSIZE (NEDTS-LAUSED(E);I?HTQRGET FILE EDITS)

0o0n

640

650

[pInly]

CALL FZONESCACLPTKN)+»A(LPTKN2)» ACLPHF s ID» JDs KDy
1 LIMNFT? .

CALL EDITB3 (ACLPSRC)»A(LPE)s ACLPY)» ACLPXE) s ACLPCON) » ACLPNFT)» ACLP

LNFID) . ACLPMAPL ), ACLPMAP2), ACLPBATF ) » ACLPYY)» IDs JDs KDy NDs
ag(hgzKN);A(LPTKNEJ-ﬁ(LPNF)-LIHNFT)

N .

IF (DE.GT.0.0.AND.XPO.GE.0.99999»%XPOMAX) IEOL=999

IF (DE.LT.0.0.AND.XPO.LE.1.00001#XPOMAX) IEOL=993

SHOULD ANOTHER SOURCE CALCULATION BE INITIATED

IF (IBRN.EQ.0.AND.IEOL.GE.39) GO TO 640
IF . (IEOL.EQ.399) GO TO 650
GO TO 20

1EQL=393

IBRN=1

GO TO 20

IEOL=999 ,
"IF (MODEB(15).EQ.0) GO TO 680
A1(4)=PTH : o
AL(SI=WT

"AL(10)=POI

AL(11)=NOTHT
IF(MODEB(S).NE.G) GO TO 650

- CONTINUATION MODE FOR COMPLETED HALING DEPLETIONS
XPO=XPOMAX '

AL(1)=xXPO

660

664
867
668
6854

8SS

o000

665

. CONTINUE

| DEPLETION COMPLETED - PRINT OUT RESULTS

IF(MOPTIM .EG. 2) THEN

‘WRITE(B,654) KPOIS : ,
FORMAT(10(/)» 1Xs SHCASE » ISs10H COMPLETEDs /» 1X+20(1H=))
URITE(B,667) (IBP(KPOIS,»J)sJ=1,KBPOS) '
FORMAT (/» 10X, L1HBP LOADING ,2014)

WRITE(B,668) NTOTEP

FORMAT (10X, 2SHTOTAL NUMBER OF BP RODS - ,I4)
HRITE(E,654) PTEMP, XTEMP, IPEAK, JPEAK | »
FORMAT (/, 1%, 21HMAX POWER PEAKING OF »F7.S»4H AT »FB.3»

fElH‘GHD/HT AT POSITION (s I1siHssI1s1H))

‘WRITE(B8,655) XPQ

FORMAT (/s 1Xs 2SHCYCLE LENGTH ACHIEUED  »F7.3,8H GHD/MT)
IF(XPO .GT. TEMP) THEN

TEMP=XPQ

‘ITEMP=KPOLS

ENDIF-

ENDIF

KPFRST=.FALSE.

SET SEARCH EIGENVALUE FOR THE NEXT (SERIES OF )CASES

IF (MODEB(21).EQ.0) GO TO €65
AL (19)=XKEFF
XLMBDA=A1(13)
MODEB(21)=0

CONTINUE

ENDPTH=PTH
-NORIGN=LWA-1BIAS

CALL PAGES(18) ,
-IF(MOPTIM .EQ. 2) THEN
DO 675 K=1,KBPOS
I=IROH(K)

PARTB
PARTB
PARTB
PARTB

_PARTB
 PARTB.
PARTB

PARTB
PARTB

PARTB. -
. PARTB
 PARTB
- PARTE
- PARTB
PARTB

PARTB
PARTB
PARTB
PARTB
OPUS

- PARTB

PARTB
PARTB
PARTB
PARTB

“PARTB

‘PARTB
" PARTB
_PARTB

PARTB

_PARTB
'PARTB
. PARTB

PARTB

--PARTB
+PARTB
. PARTB
- PARTB

PARTEB

- PARTB

PARTB

" PARTB

PARTB
PARTB

. GPUS
“QPUS

QPUS

~OPUS .

aPuUsS

QPUS

GPUS

OPUS:
-.QPUS

- OPUS!
. QPUS
“/OPUS
- OPUS-
© . OPUS

‘QPUS

.QPUS
- OPUS.
. QPUS

< QPUS .

. QPUS
. PARTB

PARTB

- 'PARTB
- 'PARTB
‘PARTB

PARTS
PARTB
PARTB
PARTB

.PARTB

PARTB

"OPUS

OPUS

. OPUS

704

156

157

.. 168
168

748
743

.750

751
752
7S3

7S4

756"
757
758
170
171
172



003393
00394
00335

003286

00397
00338
00329
00400

00401

00402
00403
00404

875

870

J=JCOL.(K)

AP 1r D =IBPCITENP, K)#10+(NBP(I+ J)/1000) #1000
~ CONTINU S : :

E .
‘NBP1=NBPERM-NODEP
NBP2=NBP1-NODEP1

caLL OPRES(HBPvHBPERH-HBPI-NBPE-TEHP;ITENP-EXP-JHX)

EN

A/10%, 18, 30H INSTRUCTIONS (LHA)

B/10Xs 18, 30H ORIGIN OF CONTAINER ARRAY

110X, 18, 30H INPUT DATA BOUNDARY
2/10%,18,30H FLOW ITERATION BOUNDARY
3,,10%, 18+30H UOID CALCULATION

"~ 4,10%s 18+ 30H- CROSS SECTION. CALCULATION
" A/10X, I8, 30H COEFFICIENTS CALCULATION

S/10%» 18» 30H SOURCE ITERATION

.6/10%s 18, 30H- POWER CALCULATION

7/10%, 18,30H EDIT SECTION 1

" 8,10%» 18, 30H EXPOSURE CALCULATION ;e G
©8/10%, 18, 30H EDIT SECTION 2 . S Y

CALL TIMER (SHPARTE,3)
‘RETURN .
END

DIF T

HRITE(ITAPOT, 670) LHA, NORIGN, NPARTA, NFLOW, NUO1D» NCROSS, NCOEFSs
1 NSOURC, NPOHER, NEDITS, NEXPQS, NEDTS . ‘
FORMATC 1H1» 10X, 25HMEMORY BOUNDARIES IN PARTE, '

" OPUS: -
QPUS -
grPus -
- QPUS

grPus - - -
- QPUS

PARTH.
PARTB.

OPUS

PARTB
PARTB
PARTB

PARTB
PARTB .
PARTB

PARTB

PARTB -
 PARTB -
PARTE
PARTE"

PARTB

PARTB

PARTB
PARTE

173



00001

30003
© 00004
~ 00011

. 0001S
00016

000L7

. 00018
00019
00020
00021
goo022
00023
00024
00025
00028
00027
00028
00023
00030
00031
00032
00033
00034
00035
00036
00037
00038
00033

00040

00041
00042
00043
00044
00045
00048
00047
00048
00048
-00050
00051
000<e
00053
0004
00055
0ooss

00057
000<8
000s83
00060
00061
ooose
00063
00064

- 00085

- 00068

00067
. 00068
. 00068
- 00070

cc

[gXzligligly

30

a0

SUBROUTINE POISPUT (POW» XBRs KSTEP, IU, JUs NITERS, [BPAS,

= DEP, ICNTRL, IDEBUG, IOPTEX, IOSC, ISRCHs IUQID, LEVELC. LEVELU,

-

LPAXLS. LPBU, NCOEFS, NCROSSs NEDI TS, NEDTS» NEXPOS, NFLOW, NPOWER,

HSOURC-HUGID-XPULST-XT-IFIRST.KBPOS-HBPERH.IBP-DEPL:IRUH-JCOL)‘

COMHUN/BLDKI/IBLUKI(IJ ID.JD.KD-IXI-JXI»KXIoIXE:JXE-KXZ.ISETlo
CHARACTER#8 ADATE, BDATE, IHTIME, JHTIME
DIMENSION JOBNAM(Z)

DIHEHSIUN POW( IUs JU) » XBRC IUs JU)
DIHENSION IROW(20),JCOL(20)s NBPBﬁS(lS.lS) PDERIU(1S, 15,20).
NUMBP(20),RHS(120),ACY(120,503,T(100),DET()
.»PBASE(1S, 157,C0OST(S50),PSOL(120)» DSOL(lEO)-RH(lSOOO).
: IH(400)—DUH(IEO)-BPLIH(EO).IBP(SOOOO =)
LOGICRL IUDID-ICNTRL»IFIRST.LEUELU-LEUELC-DEPL(SOOOOJ.KPFRST

AT FIRST STEP OF DEPLETIONs, FIND FRESH FUEL POSITIDNS IN WHICH
BP. REGUIREHEHTS WILL BE SEARCHED FOR

.JBPSOL=IRUUND(R1(4?))

PPLIM=A1(39)

. BPDEL=A2(50)

PPMULTL=R2(S1)
PPMULT2=R2(52)
PPLIM=PPLIM#PPMULTZ
JBPEDIT=IRQUND(AL1(48))
IF(JBPEDIT.EQ.0) NSTEP=l
K=y -

" NODES=0

D020 I=l,IMAX

JL=JMN(I)

~JR=JMXCI)

10020 J=JL,JR

INBP=NBP (I, J)-{NBP(I,J}~/10000)»10000
IFC(INBP.LE.O) GO TQ 30

L IROWK)=I

JCOL(KD=d

K=K+l

CONTINUE
NODES=NODES+1

CONTINUE
KBPDS—K-l

C QT EACH OQUTER STEP, KEEP BASE POWER DISTRIBUTION IN ORDER 70 GET

E FIRST ORDER DERIUQTIUE: D(POWCI, J))/D(BPHUH)

10

170

180

- 120

0 10 I-l.xnax
JU=JMNCT)

JR=JMX(T)

DO L0 J=dLsJR

PBASE (T, J)=POH(I,J)
NBPBAS(I, J)=NBP(1,J)
CONTINUE

KLCON=0

00 180 KPP=1,KBPOS
I=IROW (KPP)

J=JCOL (KPP)

- 'TTNBP=NBPBAS(I, J)~(NBPBAS(I, J)IIOOO)'1000

BPLIM(KPP)=TTNBP/10,

" LDIFF=ABS(NUMBP(KPP))-KLCON

IF(LDIFF.GT.0) KLCON=ABS(NUMBP(KPP))
CONTIHUE

C : ; v
,E COMPUTE THE LEAST SQUARE DIFFERENCE- (XBR(I,J)-PBASE(CI,J))ns2

TOTRL 0.
TOTALL=0.0
IF(JBPSOL.EQ.0) THEN

©.D0.-120 KK=1,KBPOS

T=IROW(KK)

C U J=JEOLIKK)

TOTAL= TOTQL+RBS(XBR(I»J)-PBRSE(I J))/XBR(I’J)
CONTINUE
NTOTL=KBPOS

DO 85 I=1,IMAX

JL=JMNCID
JR=JMX(I)

DO BS J=JL,JR :
;TOTQLI =TOTAL1+ABS(XBR(1, J)-PBRSE(I J))/XBRCTs )

. POISPUT

POISPUT
POISPUT

PQISPUT
POISPUT
- BLOK1

F200CPU
BLOK4

POISPUT
-POISPUT

POISPUT
POISPUT

PQISPUT =

FOISPUT
POISPUT
POISPUT
POISPUT
POISPUT

- POISPUT
- POISPUT

POISPUT
POISPUT

POISPUT

- POISPUT

. PQISPUT -
‘POISPUT

~ POISPUT

POISPUT
POISPUT

PQISPUT

POISPUT
POISPUT
POISPUT

POISPUT -

POISPUT
POISPUT
SQISPUT

- PQISPUT
:POISPUT

POISPUT
POISPUT
POISPUT
POISPUT

POISPUT
"PQISPUT
- POISPUT
.- POISPUT

POISPUT

POISPUT
. POISPUT
- POISPUT

POISPUT
POISPUT

- POISPUT
POISPUT

POISPUT
POISPUT
POISPUT

"POISPUT

POISPUT
POISPUT
POISPUT
POISPUT

vaOISPUT

POISPUT
POISPUT
POISPUT

. POISPUT
POISPUT
“POISPUT

PQISPUT
POISPUT

‘PQISPUT

POISPUT

"POISPUT
POISPUT
"POISPUT

POISPUT
POISPUT
POISPUT

NWRGALWR



00071

00072 -

00073
00074
00075
00075
060077
00078
00073
00080

00081 -

gc082
00083
00084

100085
00088
00087

" 00088
00083

000390

00091
00092

00093 .
00084

00038S

" 00098
00097

00038 -

00083
00100

00101"

00102

00103

00104
0010S

00106 --

00107
60108
00103
00110
00111
oolle

00113 .
00114 -

00115
00116
00117
0gL18
00119
001290
0olel

00122 -

00123

00124
00125

00125
00127
00128

00129
00130
00131

00132
00133

00134

65

8s

c
c
c

CDNTIHUE
AUGDIFF=100#TOTAL1/NODES .
ELSE -
D0 85 I=1;IMAX
JL=UMNCID
JR=JMXCI)
00 85 J=JL,JR
TOTAL= TUT9L+RBS(XBR(InJ)-PBﬂSE(I.J))/XBR(I.J)
'CONTINUE
. 'NTOTL=NODES
ENDIF

TEST CONUERGENC;

‘JIOBSO-IOO'TOTQL/NTOTL
WRITE(6,3000) OBSQG

3000 FURMQT(//-3X."" QUERQGE ABSOLUTE PERCENT DIFFERENCE =*,F10.5,

@ v UPERCENT? )
. IF(JBPSOL.EQ.0) THEN
- HRITE(E,3060) AUGDIFF
© ENDIF.

3080  FORMAT(//,3X,’=== CORE AVERAGE PERCENT DIFFERENCE =',F10.5,

»  * PERCENT®)
"JIBFQS%O

IF(NITERS EQ@.1) GO TO 130
©- JIFC NITERS .GT. 7 .OR. 0BSG. LE. 8.2 .OR
LA (RBS(UBSG-OLDSQ) «LE. 0.1 .AND. KLCOMN .LT. S) ) THEN
- IBPAS=1 . »
GO TO 993
ENDIF.

130  OLDSQ=0BSQ

c
c

GET SENSITIUITY COEFFICIENT HERE, Incashtn+ OF BPNUM IS 1
HRITE (G, 4545)

4545 FORMAT(//, 120(1H®), /)

HWRITE(B,4550) NITERS

4550 . FORHRT(///a:Xo101(1H—)9/;2X,’(’oIan')" * OUTER ITERATION STEP*

» o/vax 10LC(1lH=)» )

. IF(OBSG.LE.3.0) THEN

o IF(NITERS.EQ.1) GO TO 800
WRITE(B, 3050)

3050, FORMAT(//, 3Xo55(1H-)y/y3Xn’ NQ MORE EUVALUATION DF POHER

» ' COEFFICIENTS HERERFTER ’:/.3X.55(1H- '/)
-G8 TO 900
“ENDIF

600 .~ CONTINUE

MDELBP=2
“1F(JBPEDIT.EQ.0) THEN

. IEDIT(2)=1

- IEDIT(3)=1

" IEDIT(S)=1

. ENDIF- :
WRITE(E, 4580)

4560 ' FORMAT (777, 3Xs " === GET SENSITIVITY COEFFICIENTS ===’o/))

40

D0 S0 K=1,KBPOS
‘DO 40 I=1, IMAX
JU=dMNCT)
JR=JMX(I)
DO 40 J=JL, JR
 NBP(I,J)=NBPBAS(I,J)
IPSIROM(K)
'_-qugCOL(K)
TE(6,4570) K, IP, JP

'4570 w’rORHQT(//.SX-’(KSTEP)='-I3. _ #» POUER SENSITIUITY QRRQY DUE TO’

w0 INSERTION OF 1| BP IN (*,12,%,°,12,°) POSITION #«’)
-\NNBP(IPvJP)-NBP(IP-JP)+10’HDELBP
“MNU=0
KPFRST=, TRUE.
CALL POHDIS(DEP.ICNTRL:IDEBUG-IOPTEX-IOSC.ISRCH.IUOID- o
'LEUELCvLEUELUoLPﬁXLSoLPBUoNCUEFS-NCRUSS-NEDITS:NEDTS-NEXPGS-
FLOW» NPOWER » NSOURC, NUOID.XPULST.XToIFIRST;KPFRST) SRS
CALL REWNDC(ITAPU,11) . ,
CAaLL REQDX(PUU:LPLI-ITRPU-I,IUoJUoKDoLPXTR(Il))
D0 80 II=1,IMAX
o JL=JMNCITY o
v IR=IMXCIT)
o DOUBL JJ=JL, JR

FOISPUT

~ POISPUT -
- POISPUT
POISPUT

PQISPUT

POISPUT

POISPUT

. POISPUT
_POISPUT

POISPUT
POISPUT
PQISPUT
POISPUT

‘POISPUT
 POISPUT.

POISPUT
PQISPUT
POISPUT

- POISPUT
- POISPUT
© PQISPUT
“POISPUT

POISPUT
POISPUT
PQISPUT
POISPUT
POISPUT
POISPUT

- POISPUT

POISPUT
POISPUT
PQISPUT
POISPUT
POISPUT
PQISPUT
PQISPUT
POISPUT
POISPUT
POISPUT

‘POISPUT
. POISPUT

© PQISPUT
. POQISPUT

POISPUT
POISPUT

_ POISPUT

POISPUT
POISPUT
POISPUT
POTSPUT
POISPUT
POISPUT
POISPUT

“POISPUT
POISPUT
© POISPUT
POISPUT"

POISPUT
PCISPUT

POISPUT

PQISPUT

' POISPUT
. POISPUT"
o POISRYT
- POISRUT
" .PQISPUT
POISPUT
-’ POISPUT
 POISPUT
. POISPUT
. POISPUT
© POISPUT
'POISPUT
 POISPUT
- POISPUT

POISPUT
POISPUT

- POISPUT
. POISPUT
- POISPUT

114
115

123
124

130
131
132
133
134
135
136
137

138
139

140
141
142
143
144
145
146
147

1148

143
150
151
152
1S3

- 154

155
156
157
153
153
160
1681

162 -
163
164
165



0013S
00138
00137
00128
00133
00140
0014l

00142
00143
00144
00145
00148
00147
00148

00143
001S0
00151
ooisSe
00153
00154
001SS
00156
00157
00158
oo1c9
00160
oolel
oolee
00163
00164
0016S
00166
00167

.00168
00163
00170
00171

o0Lve

00173
00174
100175
100176

00177
00178

00179
90180

00181
00182

00183

00184
0018S

. 00186

00187
00188

nnnnnnnonnnnnnnnnnnnn

S006 . -
c

7%

7’9
77

(@}

70
75

' 4440

500

: ‘PUEQIU(II.JJ.K)=(PUN(II-JJ)-PBASE(II»JJ))/HDELBP
"+ CONTINUE
WRITE(B» 1068) (PDERIUCII,JHsK)sJH=1»JR)
FORMAT(3X, 15F8.9)
CONTINUE
CONTINUE
CONTINUE

SOLUE LINEAR EQUATION, ACCI, J)#BPNUM(J)=RHS(J) WHERE
I=J=1,KBPOS, RHS(J)=XBR-PBASE

» HERE SUBRUUTIHE LEQIF IN IMSL LIBRARY IS USED

ﬁPPLY LINERR PROGRAMMING TECHNIUUE HERE,

= MAX(- SUM(D(J)))
SUBJECT TO
 ACCI,J)RXCJ) JLE. RHS(JD)

WHERE I=1, (3#NODES)
J=1, KBPOS+NODES

' (X(J)-J=1-KBPO$+HODES)=(HUHBP(1)..NUHBP(KBPOS).D(l)-;D(NODESIJ

SUBROUTINE ZX3LP IN IMSL LIBRARY IS UTILIZED

" IF¢JBPSOL.EQ.0) GO TQO 700
N=KBPOS+NCDES
NODE2=2+NODES
HgDE3=30NUDES‘
n—
WRITE(B,5000) (BPLIM(L),L=1,KBPOS)
FORNRT(//.4X-’BPLIM(K) =’,10F8.3)

.00 76 T=1,NODES
. DUM(1)=0.0
CKy=1
D0 77 I=1,IMAX
JL=JMNCD)
JR=JMX(T)
00 78 J=JL,JR
DO 79 K=1,KBPOS
DUMCKY ) =DUM(KY )+PDERIUCT, J.K)GBPLIH(K)
KY=KY+1
. CONTINUE
. KX=1
DO 70 I=1,IMAX
JL=JMNCD)
JR=JMX (1)
D0 70 J=JL,JR
DO 71 K=1,KBPOS
ACY (KX, K)=PDERIUCI» JsK)/XBRCI»J)
ACY (KX+NODES, K)=~PDERTUCT, J,K)/XBR(IsJ)
- ACY (KX+NODE2, K)=PDERIV( I, JsK)
ACY (KX» KX+KBPGS ) =-1.0
" ACY (KX+NODES, KX+KBPQS)==1.0
~ RHS(KX)=(XBR(I,J)~PBASE(I, JI+DUMCKX) ) /XBR( T, J) :
 RHS(KX+NODES)=(PBASE (1, J)=XBR(I, J)~DUM(KX) ) /XBR(I, 0
RHS (KX+NODE2) =PPLIM-PBASE (I, J)+DUMCKX)
COST(KX+KBPOSJ=-1 0
X=KX+1
-CDHTIHUE _

Do 7S J=1,KBPOS
€OST())=0.0

| URITE (6, 4440)

;’ *€' SUBROUTINE ZX3LP IS CALLED ???"/.SX-GS(lH‘)-/)
© U TIMEL=SECOND()
-CALL ZX3LP(RCYf120-RHS-C05T.N.NODE3-HE.S:PSOL»DSOL-RH,

$  IW IER)

- TIME2=SECOND()
. TOTT=TIME2-TIMEL
DO 500 I=1,KBPOS
‘NUMBP(I)= (PSUL(I)-BPLIH(I))'IO.
'SOBQ=S/NODES#*100
GO TO 800 -

; FGRHQT(///.3XoSS(lH‘)o/o3Xo'??? LINEAR PROGRAMMING SOLUER:®
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:POISPUT
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POISPUT

POISPUT

POLSPUT

POISPUT
'POTSPUT
- POISAUT
- POLISPUT
- POISPUT
POISRUT
S POISPUT
POISPUT
Co 7 POISPUT
-POISPUT .
CPOISPUT
. L POISPUT
~ POISPUT
~ PQISPUT
+POISPUT

POISPUT
POISPUT
PQISPUT

POLSPUT
- POISPUT
POISPUT
POISPUT
- PQISPUT
-POISPUT
POISPUT
- 'POISPUT
'POISPUT

POISPUT

. vPUISPUT
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208
210

g7
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ooigs2
001390

00181~
. 00132

00183
00124
00195
00196
00197

00198

00132
. 00200
00201
00202
_ go2e03

00204

00205

- 00206

00207

00208

00208
00210

00211
00212

00213
00214
00215

00216 -
~aodo :
,c nss:cn SEARCHED BP DISTRIBUTION AT THIS PLACE
© " 5o 160 KL=L,KBPOS

1,1 =IROW(KL)
© J=JCOLCKL)

00217
00218

00212
00220
0g221
00222
. 00223
00224

00225

00226
00227
00228

00230
00231

00232

00233

00234
00235
00236 .
00237 -
00238
00239 -

00240
00241
00242

00246
00247
00248
.00243

002S6

00257
00zs8 - -

100
800

420

700
c
80"

CONTINUE -
KK=l
CONTIMUE

"1I=IROH(KK)

JJ=JCOL (KK}

 fRHS(KK)=XBR(II J-PEASE(ITsJ)

gd By

- 4443 lV

4011

. »

4000 -

150

DO 90 K=1,KBPOS

" ACY(KKs K3=PDERIUCT I, JJrK)'
HCONTINUE

. IF(KK.EG.XBPQS) GO 70 95

S KK=KK+L

6070 80

.CONTINUE &

WRITE (S, 4443)

FORHRT(///-3X-85(1H=)./-3Xo’7?? LIMEAR EQUATION SOLUER
+* SUBROUTINE LEGIF IS CRLLED ???’;/,3XoSS(IH¢)./)
TIHEL=SECOND(

" CALL LEQIF(RCY:IEOoKBPOS'I’RHSoIEOoanoToIER)
TIME2=SECOND() :

CTQTT=TIME2-TIMEL

.. D@:100 KI=1,KBPOS.
L NUMBP (KI)=RHS(K1)#10
- CONTINUE

WRITE(S,4011) TOTT :

FORMAT (53X, * (CPU TIME CONSUHED IN EITHER LP OR LIHEQR [
“iTEQUATION SOLVER) =’,F10.8,°' SECUNDS’v/) :
-IF(JBPSCL.NE.0) THEN .

WRITE(S,4000) SOBQ : v

FORMQT(//.3X-'OBJECTIUE FUNCTION =*,F10.5,° ~PERCENT'D/)

 ENDIF .

- WRITE(S,2000) (NUMBP(KM}+KM=1,KBPOS)
FORHHT(/4X-_ < INCREHEHT OF BP DISTIBUTION )010’o/o4X01515)

LNBP=NBPSAS(Is+J)~ (NBPBQS(I,J)/IOOO)'IOOO

- MTBP=_NBP-NUMBP(KL)

1$bj_jf
4120
gozee

410
3020 .

- 400 7
303q{'
00243

00244
00245

TFIMTBP,.LE.0) NUMBP(KL)=-LNBP
NBP(1,J)=NBPBAS(I,J)+NUMBP(KL)

CONTINUE-

WRITE(E,4120)

FORMAT (/77 3%, * ### CONSTRUCTED PDHER USING LINEAR’
' 'APPROXIMATION IN SEARCHED BP DISTRIBUTION wna’,/ /)

- DO 400 I=1{, IMAX

JL=JMNCD)
CJR=IMX ()

DO 410 J=JLs JR

 PPBAS=PBASE(I,J)

' pg 420 K=1,KBPOS

PPBAS=PPBAS+PDERIV(I, J'K)'NUHBP(K)/lO
"PCH(I,»J)=PPBAS v

CONTINUE

WRITE(S, 3020) (POH(I:JK)»JK‘l,JR)
FORMAT(3X, 8F8.3)

CONTINUE.

- WRITE(S,3030)

FORMAT (/774 3Xs8S(1H=)+/» 3% * HORHRL POMER CRLCULRTIDN USIﬂG'

! REESTIMATED BP DISTRIBUTION'u/'3X:85(1H- »7)
KSTEP=KSTEP+1

. NITERS=NITERS+1
8835;;.

CONTINUE '
IF(JBPEDI'.-Q 0) THEN
JEBIT(2)=S

. IEDIT(3)=5

CEND

Sl IEDIT(S)=S
00250 - .
00251 -
00252

go2s3 .
00254 -
00255 . -

ENDIF
IF (IBFAS .EQ. 1) THEN

5'ngALL IN.BP(Iﬁou.JCOL.HBPan.Paase.PnERIU.rnax.JMn.Jnx.KBPos.;”

XBR,IU-JU,HBPERN-IBP-DEPL:PPLIH.BPDEL-PPHULTI)
IEDIT(2)=]
IEDIT(I)=1

IEDIT(S)=1

ENDIF
RETURN .
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00001

00002 . .
00003

00004
0000S

00006
00007 -

00008

00003
00010

00011
ogolia
.00013
00014
0001S
00016
00017
- 00018
00013
00020

- 00021

00022
00023
00024
00025
00025
00027

00028
'~iodl.
'c PRODUCE ALL POSSIBLE conaxnnrzons OF INTEGRAL BP Lonnzncs

00029
00030

00031
00032

00033

00034
00035

000386
‘00037
00038
- 00038
-00040
00041
00042
00043
00044
0004S
00046

00047 .

00048
00043

000S1
000S2

T, 00053,
00054

00055

000S6

: 000S?7

-000S8
00058
00060

00061

00062
00063
..00084
00085

. 00088

“‘KCUBROUTLNE 'NTBPfxRON-qCuL.NBPBAS.PBﬂSE:PBEQIU-IHQX-JHHvJHﬁ.

.

LOGICAL DEPL(S0000)

. DIMENSION IBPERM(S0000),NDISBP(20),NLOBP(20)+NHIBP(20),

- : RNBP (201, NXBP(20)» IROW(20)» JCOL(20)» NBPBAS(1S, 15)»
JMNC34), JMX (343, PBASE(1S, 15)+ PDERIV(15, 15,203, =
1BPX0(20),LOCX(S)» IPOINT(50000,20),

PPOU(1S, 1S), XBR(IU-JU)-IBPEX(SOOOO)-IBP(SOOOO.EO)

*r'iPﬂRﬁﬂETER(INTHRX=G) ’ .
"ﬂDATR (NDISBP(L).I= l.?) /004v8012318020024/

RHIHQ THE HIGH AND LOW I NTEGRQL NUHEER OF BP'S
RESPONDING. TQ THE PUISPUT RESWLTS

DO 100 K=loKBPUS
I=IROW(K)
J=JCOL (K)
RNBP(K)=FLOAT( NBPBQS(IOJ) - (NBPBQS(I»J)IIOOQ)'IOOO 3/10.0
"IF(RNBP(K) .GT. NDISBPCINTMAX)) THEN
B . UWRITE(B,»1S0) I»J
150 - FORMAT(/,3X»*BP LIMIT EXCEEDED AT PQSITIUH ('3121'9'9123')’
- ~NHIBP(K)=NDISBP(INTMAX) -
»NLOBP(K)=NDISBP(INTHRX'I)
‘ENDIF
- DO 200 L=2, INTMAX

i;q;t‘i .

IF(RNBP(K) .LE. NDISBP(L) .RND. RNBP(K) .GE. HDISBP(L-I)) THEN.>

NHIBP(K)=NDISBP(L)
NLOBP(K)=NDISBP(L-1) .
ENDIF

200  CONTINUE

" NMAX=NDISBP (INTMAX)
IF((NHIBP(K)-RNBP(K)).LE. " BPDEL <AND." NHIBP(K) .NE. NHRX) THEN
NXBP (K)=NHIBP(K)+4

" NXBP(K)=NLOBP(K)-4
©ELSE

" NXBRP(K)==1

‘ENDIF

“CONTINUE

NBPERM=2%»KBPOS
._CALL COHBU(KBPOS.NBPERH-IBPERH)
- DO 205 K=1.,K3PUS ‘
o IPOINT(L,K)=K
20S CCNTINUE

C LNCLUDE COHBIHQTIOHS WITH *EXTRA® BP POSSIBILITIES o

NUMX=0
DY 210 K=1,KBPOS -
IF (NXBP(K) .GE. 0) THEN
NUMX=NUMX+1 ’
LOCK (NUMX) =K

. ENDIF

210 CONTINUE

. NMBPX=2®#NUMX
- eALL cnnso<nunx.nnpx.rapx0)
©* NUPERM=0
. '~D0.220 1=2,NBPX
‘p0225 11=1,KBPOS
“IPOINT(I,II)=I1

225 - 'CONTINUE
00050

‘NUM=IBPXO(I)
“NSUM=0
1 DO 220 J=1,NUMX
o oJd=NUMK-d
T I0d=NUM L e Y
NUM=NUM=JJJ 1 0= JJ
“CIF(JJd LEQ. 1) THEN
“ NSUM=NSUM+1 .
IPTEM=IPQINT (I, NSUM)
JPOS=LOCX(J) . :
- IPOINT(I,NSUM)= IPUINT(I.JPOS)
' IPOINT(1,JPQS)=IPTEM
ENDIF -

230 CONTINUE

]NUHEX-KBPOS-NSUH
.~ NBPEX=2#aNUMEX
}ZﬁCﬂLL CDHBO(NUHEX-NBPEX.IBPEX)

KBPOS.XBR-;U.gUoNBPERH»IBP.DEPL.PPLIH.BPDE;’PPHULTIJ: :

ELSEIF((RNBP(K)-NLOBP(K)).LE. BPDEL .RND. NLOBP(K) .HE. O)THEfoys‘

waNONnLEWN



00067
00068
000683

00070
00071
00072
00073
00074
0007S
00076
00077
00078
00073
00080

00081
00082

00083
00084
00085
00088
‘00087
00088
00083
000280
000391
00082
00023
00034
00095

00036
00097
00038
00038
00100
00101
00102
00103
00104
00105
00106
00107
00108
00109
00110
00111

255
250
220

245
270

350

420 .

410
400
300

~ END

- 0O 250 M=1,NBPEX
' NUPERM=NUPERM+1

IBPERM(NBPERM+NUPERM)=INT((2. 0/9. 0).10"HSUH)OIO'G(KBPUS—HSUH)
+IBPEX(M)

D0 255 KSI:KBPGS

IPBINT(NBPERH+NUPERH-K)=IPOIHT(IoK)

- CONTINUE.-

CONTINUE

~CONTINUE

--DO 245 ‘M=1» NBPERM

- .DO.245 K=1,KBPOS ’
S IPOINT(M,K)= IPOINT(l,K)
"CONTINUE ¢ '

NBPERM=NBPERM+NUPERM

 CONTINUE
-0 300 M=1,NBPERM

DEPL(H)= TRUE.

'E DETERHIHE THE ACTUAL. BP LORDINB FROM THE BP IDENTIFIER ’IBPERH'

NOLDBP=IBPERM(M)

DO 350 KK=XBPOS~-1,0s-1
K=TPQINT (M KBPOS~-KK)
IBPID=NOLIBP/10##KK

NOLDBP=NOLDBP-]BP1D#10#%KK

IF(IBPID .E@. 0) THEN
IBP (M, K)=NLOBP(K)
ELSEIF(IBPID .EQ. 1) THEN

“IBP(MyK)=NHIBP(K)

ELSEIF(IBPID .EQ. 2) THEN
IBP(Ms K)=NXBP(K)

ENDIF

CONTINUE

COHSTéUCT POUER DISTRIBUTION USING LINEAR APPROXIMATION
"COMPUTE THE DIFFERENCE, (XBR(I»J)-PBARSE(I,J})

- TOTAL=0.

D3 400 I=1, IMAX

JL=JMNCT)

JR=JMX (1)

DG 410 J=_L,JR

PPBAS=PBASE(1,J)

D0 420 K=1,KBPOS ‘
PPBAS=PPEAS+PDERIUCT, JsK)#(IBP (M, K)-RNBP(K))
CONTINUE

PPOW(I,J)=FPBAS

IF (PPBAS .GT. (PPLIMSPPMULT1)) DEPL(M)=.FALSE.
CONTINUE

CONTINUE

CONTINUE

RETURN

INTBP

INTBP

- INTBP

INTBP
INTBP

- INTBP

INTBP

INTBP
- INTBP
" INTBP
INTBP
INTBP
INTBP .

INTBP
INTBP

INTBP-
INTBP

INTBP

~INTBP
INTBP
" INTBP-
INTBP

INTBP
INTEP

. INTBP.
- INTBP.

INTBP
INTBP
INTBP

 INTBP

INTBP
INTBP
INTBP

. INTBP

INTBP
INTBP

INTBP
- INTBP
"INTBP

INTBP
INTBP
INTBP
INTBP
INTBP
INTBP
INTBP

. INTBP

INTBP

INTBP.
LINTBP.
"INTBP .

INTBP
INTBP
INTBP



00001
00002
00003
00004
00005
00006
00007

00008
00002

00010
00011

00012

00013
00014
00015
00018
00017
00018

. 00019
- 00020
goo2l -

0goaz2
00023
00024
00025
00028
00027
0go28
00029
00030
00031

T 00032.
00033

00034
00035
00036
00037
00038
00023
00040
00041
00042
00043
00044
00045
00048
00047
00048
00043
00050
00051
00052
00053
00054

£ 000S5
00056
00057
00058
00053
00080
00061
00062
00063
00064
00065

. 00063

- 00067

000€8
00Ne3
00070
00071

00072 -

00073
00074
0007S
. 00078

S0

100

150 .

200

350

‘355
356

360
361

365
366

370
371

37S
376

380
381

385

386

380
391
3395

400

405
408

410
411
415

418

420
a2l
425
428
430

431
435 .

436

449 -

441
445

500
S5 .

S50

575

' SUBROUTINE OPRES (NBP» NBPERM, NEP1 , NBP2, TEMP,» LTEMP, EXP» JMX)
" DIMENSION NBP(15s 15),EN(8)»NOBP(8), EXP(8s8)» MX(34)

. CALL FACE _ ,

HRITE(E,S0) - ‘ :

FoanaT(1H1.15Hnggg Rﬁgg%Tsnnéé'IS(lH.))

WRITE(B+100) N . ’ .
.FORnaT(;/z.sx.45H TOTAL NUMBER OF INTEGRAL BP COMBINATIONS
#15,/,5%, 45H NUMBER OF DEPLETABLE BP COMBINATIONS » IS

#/,5X,45H NUMBER OF ACCEPTABLE BP COMBINATIONS v 1Ser77)

WRITE(S, 150) ITEMP, TEMP

FORMAT (/7 LX» SHCASE » IS 23H GIVES LONGEST CYCLE AT,F7.3.
#7H GWD/MT, /41Xy LSH FUEL LOADING: »7»1Xs 1SC1H=)) ‘
MRITE(S,200) _ : .
'FORMAT (~, 25K, LEC1H®) s/, 25X, 16H® ENRICHMENT  #./.25X,

0. 300 I=L,8

B0 350 J=1, MX(I)

"NOBP(.J)=MOD(NBP(I»J)» 1000)/10
ENCJ)=(MOD(NBP(I,J), 10000000),10000)-/100.0
CONTINUE v ,
G0 TO (355,360,365, 370,375, 380,385,390} I
WRITE(S» 3S6) '
FORMAT(1X, 10CLH®))

GO TQ 398

»|GH* BP LOADING  #,/,25X, 16H® BOC EXPOSURE #,/,2SK, 16(1H®)) »

- WRITE(SB, 361)

FORMATC LXs L3C1H®Y)
GO TO 335

WRITE(E, 366)
FORMAT(1X, 28(1H#))

- G0 TO 395

WRITE(E,371)
FORMAT (1%, 37 (1H®))

GO TQ 395 »
WRITE(E, 376)

FORMAT(1X, 46 (1H=))

- GO TG 395
“WRITE(B,381)

FORMAT(1X, SS(iH*))

. GO 70 38S

HWRITE(8, 38B)
FORMAT (1X,SS(1H#®))

© GO TQ-38S

WRITE(8,331)

FORMAT(1X, SS5(1H#*))

CONTINUE

WRITE(S,400) CENCJ)» J=1, JMK(I))
FORMAT(1Xs LH#, 8(F7.2,2H #))

GO TO- (405,410,415, 420,425, 430,435,440). 1

- WRITE(E,406) :

FORMAT ( 1Xs LH®, 8%,y LH®)

GO TO 445

WRITE(S,411) :
FORMAT (1Xs LH#s 2(BXs LH#))
Q. TO 445

HRITE(G»416) _
FORMAT( 1Xs LH®, 3(8X, 1H*))
GO TO 445 '
WRITE(S,421)
FORMAT C1%o LH®, 4(8X, 1H®))

GO TO 445

WRITE(E, 426)

FORMAT (1Xs LH®, 5(8X,s 1H#))

GO TO 445

WRITE(S»431)

FORMAT (1X» LH®, 6(BXs LH#))

‘GO TO 445

WRITE(S,438) : wo Ly
FORMAT (1Xs LH®, B(BXs 1H®))

GO.TO 445 :

WRITE(S,441)

FORMAT (X0 LH®, 408X, LH®))

CONTINUE

D0 450 J=1,JMX(I)

IF(NOBP(J) .LE. 0) GO TO 4S50

GQ 70 (500,550, 600,650, 700, 750) J
‘HRITE(8,525) NOBP(J)
FORMAT (1H+s 1X, I7)

G0, TQ 450

WRITE(S65S575) NOBP(J)
FORMAT (LH+, 10X, I7)

’

--. OPRES
~QPRES
- OPRES
"~ OPRES
© OPRES
‘OPRES

CPRES
QPRES
OPRES
QPRES
OPRES
OPRES
OPRES

- OPRES

OPRES
OPRES
OPRES

‘OPRES
- OPRES
‘OPRES

QOPRES

. OPRES

QPRES

‘OPRES -

OPRES
QPRES
OPRES

- OPRES
OPRES
‘OPRES

OPRES
OPRES
OPRES

OPRES
'OPRES
. ‘OPRES
OPRES
OPRES
_ 'OPRES
‘OPRES
‘OPRES
OPRES
‘OPRES
‘OPRES
OPRES
QPRES
- QPRES
. OPRES

OPRES
OPRES
OPRES
OPRES
OPRES
OPRES
OPRES
OPRES
OPRES
QPRES
OPRES

- OPRES

OPRES

- QPRES
OPRES

QOPRES

“OPRES
‘OPRES
- OPRES

OPRES

QPRES

_OPRES
OPRES
"QPRES
" OPRES
'OPRES

OPRES
OPRES
OPRES

OPRES -
. OPRES

waoaNOuUaAWL



00077
00078
00073
00080
00081
00082
00083
00084

00085 -

00088
80087
00088
00083

00030

00081
00092

00083 -

.000S4
- 00095

00086

600
625

€30
675

700
725

750
775

450

800

300

8s0

GO TO 450

HRITE(By625) NOBP(J)

FORMAT (LH+, 19X, I7)
GO.TO 450 )
WRITE(B+675) NOBP(J)
FORMAT(1H+, 28X, I7)
GQ TO 4S50

. WRITE(B,725) NOBF(J) -
FORMAT (1H+, 37X, I7)
GQ: TQ 450
“HRITE(8, 775) NOBP(J)

FORMAT (LH+, 48X, I7)
CONTINUE

L HRITE(S+800) (EXP(I,J)sJd=ls JMXCIY)

“FORMAT(1Xs LH#, 8(F7,.3s2H #))

. -CONTINUE

- WRITE(E.850)
CFORMAT(1X, 37 C1H®) )
RETURN . »

END

OPRES
OPRES
QPRES -

OPRES

OPRES
OPRES

OPRES
OPRES

OPRES

OPRES
OPRES

“OPRES
OPRES

OPRES

OPRES

GPRES

- OPRES -

OPRES

OPRES -
'OPRES



00001
00002

00003

00004
0000S
00006

00007

- 00008
00008
00010
oooil
gool2
00013
0oci4
00015

- 60
50

SUBROUTINE COMBO(X»Y,R)
INTEGER X»YsACY) . v
DO S0 M=1,Y

NUMBER=M~1

- IX=0 .
DO B0 KK=1,%

K=X=-KK

I DELX=NUMBER/2%#K

IX=IX+IDELX»10neK -
NUHBER=HUHBER—IDELX‘E'.K

CONTINUE

AlM)=1IX

CONTINUE
.. RETURN
"~ END

COMBO -
COMEQ

COMBC

. COMBO

COMBG
COMBO

COMBO -

COMBG -

~ COMBO
~ COMBO

COMBOU

. COMBO
. - GOMBG.
.- COMBO -

COMBG




atd Type 1
d(39) PPLIM
1(46) uopfrm
, x1(47) ,,,,, JBPSOL
\1(48) ', JBPEDIT
Jard Type 2
\2(50)  BPDEL
.2(51)  PPMULTI
'PPMULT2

\2(52)

Y

A7NDIX B: ADDITIONAL INPUT REQUIREMENTS

zard Type 17
IBR(E, P

'dard.Tyﬁg 32.

NBP (i §)

BP

- 69 -

vNodal powor‘pqaking limit

Control of optimization flow:

=1 - direct search oaly

‘=2 - BP search omly o
‘=3 - combined (cucrently ;=n:v‘113ble)

search method.
. =0 fresh foel search only
=1 linear programming

Ontpnt edit éonttol

=0 normal operationm
v =1 for debngging pntposos

‘Burnable poison tolerance

(0.5 is recommended)

Rdconsttﬁcted power péaking

=slerance
(1 02 is tecommdnded) ' ;

'vSIMULATE power peuking tole-zznce

(1 00 is tecommonded)
anﬁot poiet‘distribntion

Burnable poison identifier

) -ETTAY,
. of the form ABBBCDDD, :
~where, :
A = fuel type (1 - 15x12 std,
2 - 15x12 " ofa)
BBB= onrichmont (e.g. 2. w/o - 270)
C = BP type (1 - glass, - WABA)

' DDD= nomber of BP's (e.3. 12 BP - 120)



- 170 -

in the,highly unlikely situation that nome of the candidate BP loadings
successfully depletes to end-of-cycle, several courses of uction'jte

available. _Corrective actions should be puorsued in the followiné order:

1. increasing the BP tolerance, BPDEL, to create more caiididate BP

losdings to be evaluated

2. incressing the reconstructed power peaking tolerance, PPMULT1, to
allow more cases to be passed on to the normal power calcalation /

deplétion

3. increasing the SIMULATE power peaking tolerance, PPMULT2, to allow

a higher power pesking to be acceptable for a fintl'design pattern

It is:much more likeiy that'the opposite situation would bccgg, that too
many cases reach the deple;ion stage such that the computation costs
become exce;sive. In this case, the above uctionsb should beT tévetsed
(i.e. vinstead "of increasing foletuncgs. doctea!q them).‘ However, ;he

same order still applies to these alternatives.



APPENDIX C: SAMPLE INPUT LISTING
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15411, BBL,CY,L10

000.

RESOURCE (JCAT=S2)

ATTACH, SIMTRN.
SIMTRN.
"8 8 1 8

I

@ 2 22 2 2 2
#*» ZION-1 CYCL

Qo

mmmmmmmmmmmmmmmmmmmmmmmmmmmna
00 000U LW L) W LD VT U PIPDITS U T+ b hn be 4o e g g

aA#agAuuuQquuuuuwumuuuuuuwmmmmkéﬁwéaooooo

1

EEREEY

1

BB BES

2 22 2 22 2 2 Ny
9 SIMULATION (2-D MODEL, FALRE OPTION)

47 23 s©

- INCLUDED,
BUILT-IN

BB B

TREINBIBDEN

- FUEL TvPE
. FUEL SHUFFLING USINM

 2I0N=1 CYCLE-3 2-D SIMULATION,
FLARE OPTION USED WITH LNODE/! ASSEM
SO EVERY XS IS FOR 0 BP

BPMODEL USED,
MAR. 17, 1988

ndafadnfiofadofatis gt ol 4 o 1 2 2 2 o 1 18 %Y

MODERATOR FEEDBACK#*

»
»

.00

11.5 11.5 12.01

L 2 2T Y T Y Yregegeggnguggn L 2 2 2 T g Y

TSI 0.0 $3'82.17 S2

1
1
2
2
3
3
4
4
4
4
4
S
S
S
S
S
6
&
)
[
8
1
2
3

4
S
g
4
8
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
{
1
1
1
1
1
1
1
1
1

3
0 3 1

‘s

S1 -1
T

10

-1
i1
11
0
.00005 4
1.0 0.5
S~ 7 18
S8 '0.455 s2
S2°.288E-4
S6 0.455 sz
-S2 ,288E-4
S8 0.455 s2
2 .288E-4
S .455 s2
2.4428E+00
8.3547E-02
C2.7118€-03
"+ 1.1340E-02
'S8 ,455 s2

-2

2.4421E+00.

§.3550E-02

. 2.6938E-03"
1.1336E-02 .

56 .455 S2

' 2.4336E+00

 6.3561E-02
- 2.,6363E-03
1.1321E-02

S RWWNW L
(UYRTOENOYT IS
OO LD W

2

1100

-381 1.0 21.508 10.804
16.87S 93.58 ¢
.73634
ar

00 3 12.01
3.563 0 2250,
111
20 0 2 .0005 4 .
0001 I 0 0 ¢ o0
0. 1.0 41,2 .65S2 .
1 00004 6150
1 30.48 S13 S3 §.241

.00633 S2 .211E-4

2 30.48 S13 S8 6.241
.00628 S2 .211E-4

3 30.48 S13 59 65.241
.00670 S2 .211E-4
4 30.48 S13
'1.41B4E-02
1.2444E-05
2.2301E-04
6.2331E-05
S5 30.48 S13
1.3728E-02°
1.11276-05
2.1710€~-04
§.001SE-0S
§ 30.48 S13
1.2124E02
6.3125E-06
1.9S67E-04
S. 1940E-05

(AY Y N RT TN N
DN YT
DA RO WW

OHOOO s
WO

1203

1.33 3 4
0000s 12
1.0
35 1.0 o0
0 0 0 0 20.0
E+18 2.679 S2 4 0.0

.068404

'-01255 sa'.3855‘5 000 SE 0.0

E+18 2.872 S2 4 0.0

+0640S

01255 Se ,38SE-5 0.0 S2 0.0

E+18 2.721 s2 4 0.0

07 .38SE-S 0.0 S2 0.0

07 .288E-4
06 .211E-4

07 .38SE-5 0.0 S2 0.0

0.0 S2 0.0

0 1.5008E-0t

6.0000€+00
1.6000E+01
3.2000E+01
2.3604E-01
2.3499E-01
2.3237E-01
2.3408E-01
2100
0
§.0000E+00
1:8000E~+01
3.2000€+01
8.9364E-03
3.3683E-03
1.0064E-02
1.0763E-02
© 3100

8.0000E+00
1.8000E+01
3.6000E+01
2.3533E-01
2.3467E-01
2.3253E-01
2.3488E-01
1203
1.5000E-01L
8.0000E+00
1.8000E+04
3.6300E+01
8.3471E-03
9.5361E-03
1.01725~02
1.039038E-02
1203

0 1.S000E-01

5.0000E+00
1.6000E+01
3.2000E+01
1.7108E-02
1.6824E-02
1.6850E-02
1.6710E-02

8.0000E+00
1.8000E+01
3.6000E+01
1.71S7€-02
1.6822E-02
1.664SE-02
1.67456-02

1.0000E+00 2.0000E+00 -
1.0000E+01 {.2000E+01
2.0000E+01 2.4000E+01
4.0000E+01 4.S000E+01
2.3584E-01 2.3561E-01
2.3443E-01 2,3396E-01
2.3217E-01 2.3222E-01
2.3563E-01 2.3840€-01

1.0000E+00 2.0000E+00
1.0000E+01 1.2000E+0!
2.0000E+01 2.4000E+01
4.0000E+01 4,5000E+0]

4.0000E+0Q0
1.4000E+01
2.8000E+01
S.0000E+01
2.3534E-01
2.3346E-01
2.3322E-01
2.3704E-01

4.0000E+00
1.4000E+01
2.8000E+01
S.0000E+01

8.877SE~03
9.6738E-03
1.02872€-02
1.1041E-02

1.0000E+00
1.0000E+0!
2.0000E+0¢
4.0000E+01
1.7138E-02
1.8724E-02
1.8642E-02
1.8781E-02

3.0403E-03
2.819SE-03
1.0454E-02
1.118gE-02

2.0000E+00
1.2000E+0¢
2.4000E+01
4.5000E+01
1.7117€E-028
1.6882E-02
1.6655E-02
1.88138E-02

2.1868€E-03
9.8477E-03

1.061%E-02

1.1328€-02

4.0000E+00
1.4000E+01
2.8000E+01
S.0000E+01
1.7035€-02
1.8661E-02
1.6677E-02
1.8843€-02

. 06420

+0la77 s2 .38SE-5 0.0 $2 0.0
S9 6.241E+18 : ;
=1.322%€-04 4 0.0
2.4107E-07 .288€-4
-2.8877E-06 .211E-4
-4.5384E-07 .38SE-5
S9 8.241E+18
-1.2448E-94 4 0.0
2.5762E-07 .288E-4
-2.57S7E-06 .211E-4
-4,.2172€-
SS 6.241E+18 :
-3.8852E-05 4 0.0
3.0254E~
-2.1307€-
~2.3976E~



1.3S71E-01

1.3351E-01

586 1.3776E-01 1.2874E-01 1.2370E-01
586 1.1861E-01 1.1361E-01 1.0885E-01 1.037SE-01 9.3153E-02
536 91001203
S36 0 1.S000E-01 1.00C0E+00 2.000CE+00 4.0000E+Q0
5 3 5 5.0000E+00 8.0000E+00 1.0000E+01 1.2000E+01 1.4000E+0L -
5 9 5 1.6000E+01 1.8000E+01 2.0000E+01 2.4000E+01 2.8000E+01
5 9 6 3.2000E+0! 3.6000E+01 4.0000E+0l 4.5000E+01 S.0000E+C1
$ 96 1.1007E+01 1.0S85E+01 1.107SE+01 1.1148E+01 1.1222E+01
596 1.1214E+01 1.1151E+01 1.1048E+01 1.0SQSE+01 1.0742E+01
. 536 1.0562E+01 1.0371E+01 1.0172E+0L 9.7S34E+Q0 S.3264E+00
. S 3§ 6 8,3043E+00 8.4372E+00 8.1147E+00 7.7077E+0Q 7.34S8E+00
"3.20 0BPSI08 722 1001 20 3 (XeE2 ) _
: 510 & 0 1.0000E-01 1.000QE+G0 2.0000E+00 4.0000E+00
S10 6 6.0000E+00 8.0000E+00 1.0000E+01 1.2000E+01 1.4G00E+01 -
S10 6§ 1.5000E+01 1.8000E+01 2.0000E+01 2.4000E+0l 2.8000E+01
S10 6 3.2000E+01 3.5000E+01 4,0000E+01 4.4000E+01 4.8000E+01
S10 6 1.4554E+06 1.44E0E+06 1.4562E+06 1.4SS9E+06 1.4680E+0E
S10 6 1.478SE+06 1.4911E+06 1.S5011E+06 1.4825E+06 1.4928E+06
510 6 1.4998E+06 1.5132E+06 1.S5256E+06 ° 1.S167E+06 1.5367E+06
: Si0 6 1.S552E+06 1.SB62E+06 1.S5P5SBE+06 1.5852E+06 1.S929E+08
3.20 0BPSI1E 7.24 1001 20 3 (SM2 R , v
S11 § 0 1.0000E-01 1.0000E+00 2.0000E+00 4.0000E+00
511 6 6.0000E+00 8.0000E+00 1.0000E+01 1.2000E+01 1.4000E+01 -
511 6 1.6000E+0{ 1.8000E+01 2.0000E+01 2.4000E+01 2.8000E+01
511 6 3.2000E+01 3.5000E+01 4.00C0E+0! - 4.4000E+01 = 4.8000E+01
Si11 § 4.2382E+04  4.2674E+04 4.2901E+04 4,2981E+04 4.316BE+04
511 § 4.3413E+04 4.37196+04 4.3SSBE+04 4.3471E+04 4,.3721E+04
S11 6 4.3889E+04 4.4219E+04 4.4530E+04 4.4291E+04 4.4787E+04
S11 6 4.5254E+04 4.SS527E+04 4.S770E+04 4.GO0BE+04 4.S204E+04
3.20 S1267810012 (BORON2) ;
. : S12 600 0 1.4544E-05 1.SS23E-08 -1.S0S7E-10
3.20 - 51362310023 (DOPL)
513500000000 ' :
S13 5 -4,1S336-05 1.3450E-06 -8.1371E-08 1.37S5E-08
3.20 S14 523100 1 3 (DOP2)
51460000 3.1933E-04 -9.7971E-06 6.3531E-07 ~1.l467E-08
3.20 515821000 30 (DOP3)
5155 -2.7780E-04 8.4521E-06 -5.5394E-07 1.0092E-08
3.20 SI662400010 ~-1.505(E-04 2.0440E-04 (DEL AB1)
3.20 $175674000 10 -5.4028E-03 7.3374E-03 (DEL AB2)
3.20 5186140001 0 =-1.1836E-01 1.6074E-01 (DEL TRL)
3.20 51966400010 -7.085lE-01 9.6220E-01 (DEL TR2)
3.20 S20 6340001 0 -2.0335E-02 2.7620E-02 (DEL REMU)
3.29 521 6280001 0.0 0.0 2.8985E-07 (BORGNL)
3.20 S22 § 2.22.0 0.0 0 0 0.0  1.0340E+02 ( XEL )
3.20° S23652.24° 000 0 0 0.0 7.3330E+01 (sML)
i 7 1 0.0 RSB -.20 :
7 2 0.0 ‘RE ~-.I5
7.3 0.0 R§ - -.15
"7 .4 0.0 RE .15 .
7°°5 '0.0° RS =-.15
7 8 .0.0 RS =.i5
77 0.0 R3 =.15 =15
7 8 =.20 =-.15  -,15 -.15
10°1 . 1A7 1B8 1C? 1DS 1E? LF7 1G8 LH7
10 2 1BS 2B3 2C8 2D8 2E8 2F7 263 2HS
103 1C7 2C8 3C8 3D9 3E7 3F3 3G8 3HS
10'4 ~ 1D9 2D8 3D9 4D7 4E3 4F7 4G3 4H7
10°'5 © 1E7 2E8 3E7 4E3 SE7 SF8 5G9
10'6  IF? 2F7 3F9 4F7 SF8 GF3 BGS
10 7 168 269 3G8 4G3 563 66 .
10 8 - 1H7 2H8 3HS 4H?
1011 20.820
1012 12.560
1013 25.880
101 4 0
1015 25.890
1018 24.340
1017 8,870
1018 20.529
1021 12.360
1022 0
1023 11.410
10 2 4 12.240
102S 7.910
1026 24.040
1027
1028 . 3.410
10 3 1 25.880
32
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13,100
0
23.770
1}

8.270

0

: 0
12,240

© 23.200
- 22200
22.750

- 22.630

. 25.830
7910

. 0
2l.220
12.770

Cu 0

-+ 24.840

. 24.040
0

S .e2.750
- 12.770
' 0

31.420
9.810
0
8.270
0

SR 0
~31.420
20.820
©.9.410

. ]
22.630

-.0001 S3 - .008

0. 58582 -0.438338
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SN Y S I G

11111

111 1 11

L1 1 1 11

1 L1 1 11
111
1 R39 1 R40

01Ss800S10 S3
1 1.3 0 6 ¢

20000000 20000000
20000000 20000000

- 20000000 . 22802200

20000000 23202080
20000000 - 20000000
23202160 20000000
22802080 20000000
20000000 = 23202080
20000000 20000000
20000000 20000000
20000000 * 20000000
20000000 20000000
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© 15411,BBL,CY,1.10000. .
RESOURCE(JCAT=S3) =
ATTACH» 225YM.
ATTACHs SIMTRN.
SIMTRN. -
§ 1L

8 8 1 47 23 B

2 2 2 2 2 2.2 2

3

.mmmmmmmmmmmmmmmummwdmmmmmp§$aAa@auuuquugwuuuuquumyuummmmgeg&ﬁphoogoggo
"r-'o-'-'.-ob-_o—r-o-b—o-o-r—-H.—-»«b—‘-o—-v—-»—-r—-o'-‘o-‘-H0—u-?p-ovm'_\'l"mmEp(.’)'m.‘—l_aj'f(p"‘o)'m'oj‘;jpm

»
»
.
»
»

@mda;h&sud&mee

2 2 2

2 2
wew ZION-1 CYCLE ‘9 SIMULATION (E-D MODEL,

2 2

#Laae orrron;

Lo 2 L 4 4

18,
1000.
8

.455 s2
2.4428E+0

. 2.7119E-0

$6 .455 S2
2. 44EIE+0

~S6 .455 Se
2.4336E+0

 B.3S61E-0
- 2,8363E-03
1.1321E-02

g
)

wadwm~#
Tunsnnn

S 1te

S.OOOOE+00
1.6000E+01
3.2000E+01
2.3604E-01
. 2.349%E-01
2.3297E-01
2.3408E-01
210

s,ooocs+oo
1.5000E+01
3.2000E+01
8,9364E-03
9, 3689E-03
1.0084E-02
'1,0788E-02
‘310
-0
&.0000E+00
1.6000E+01
©3.2000E+01

 INCLUDED,

0,455 s2
.288E-4
‘0 455 Sa .
0.4S5 S2
»288E-4.

6. 3547E-02
1.1340E-02
' 5.3550E-02 -

. 2,893%E-03 "
1.1336E-02

neo s~

» % ---

DEC.

0 2.0 .12.01

14,1386

16.875 178.5-2250. 9

S3 82.17 S2

0 0 3

'13.583 0 2250.

4

: .881 1.0 21.608 10.804
16.875 ss. s6 0 '
73634 1.33 3 4

12.01

i.2 .6 S2

00533 S2 .2l1E-¢4

.00626 S2 .2l1E-4

4'30.48 S
0

3

5 30.48 S
g

£ 30.48 S
0
e

ann

S
2

wonoo &

21203

0 1.S000E-01

8.0000E+00
1.8000E+01
3.6000E+01
2.3593E-01
2.3467E-01
2.3253e-01
2.3483E-01 -
o 1203
1.5000E-01
8.0000€+00
1.8000E+01
3.6000E+01
8.9471E-03
9.5361E€-03
1.0172E-02
1.090SE-02
01203
1.5000E-01
8.0000E+00
1.8000E+01
3.6000E+01

1.7108E-02 1.71S7E-02
'1.6924E-02 1.6822E-02 1.8724E-02

1.4184€-02
1.2444€E-0S
2.2301E-04
6.2331E-0S

1.3728E-02
1,1127E-0S
2.1710E=-04
6.001SE-0S

1.2124E-02
§.8125E-06
1.9S67E-04
S.1340E-05

13

13

13
-9.8852E-

'1.0000E+00

"1.0000E+0L
2.0000E+0L
4,0000E+01
2.3584E-01
2.3443E-01
2,3217E-01.
2.3583e-01

1. .0000E+00
1.0000€+01
2.0000E+0L
4.0000E+01
8.977SE-03
9.6798e-03
1.0272E-02
1.1041E-02

1.0000E+00
1.0000E+01L
2.0000E+0L
4.0000E+01
1.7138E~02

.00005 12

#80%

ZION-I CYCLE‘S 2-0 SIMULATION,. HDDERQTUR FEEDBACK#
FLARE OPTION USED WITH LNODE/1 ASSEM
‘BUILT-IN BPMODEL USED, SO EVERY XS IS FOR 0 BP

-FUEL TYPE .
BP SEARCH - PATTERN 2B

) "'QQ"QQQ9“..Q.'“Ql“"’".“im’"""""m’"' B

»
»
»
I

.0 ,
351,00 e

g 4 S 15060 0 0.0 20. 0
1'30.48 313 S9 S 241E+18 2.

579 52 4 0.0 -

.08404

.01255 s2 .383E-5 0.0 S2 0.0

2 30.48 S13 S9 6.241E+18 2.672 S2 4 0.0

T.08405

.01255 S2 .38SE-5 0.0.52 0.0

3 30.48 S13 S9 6.241E+18 2.721 S2 4 0.0
.00870 S2 .211E-4

. 06420

.01277 s2 .385E-5 0 o 52 0.0

S9 6.241E+18 .
-1,3229€-04 4 0.0
2.4107E-07 .288E-4
-2.6877E-06 .211E-4-
-4,5984E-07 .38SE-S 0
$9 6.24lE+18
«1.2446E- :
2.5762E-07 .288E-4
~2.57S7E-
-4,2172E-07 .38SE-S
53 6.241E+18

64 4 0,0
06 .211E-4

05 4 0.0

3.0254E-07 .288E-4
-2.1307E-06 .211E-4
-2.3976E-07 . .385E-5

2.0000E+00
1.2000E+01
2.4000E+01
4.5000E+01
2.3561E-01
2.3336E-01
2.32226-01
2.3640E-01

2.0000E+00
"1.2000E+01
2.4000E+01
4.S000E+01
9.0403E-33

9,8198E-93 S.

1.0454E-02
1.118%e-02

2.0000E+00
1.2000E+01
2.4000E+01
4.5000E+01
1.7117E-02
1.6682E-02

.0 s2 0.0

0.0 52 0.0

0.0 S2 0.0

4. 0000E+00

1.4000E+01

-24.8000E+0L

S.0000E+01
2.3534E-01
2.3346E-0L

2.3322E-01
2.3704E-01

4,0000E+00
1.4000E+01
2.8000E+0L
5.0000E+01
9.1888€-03
9477E£-03
1.0619E-02

1.1326E-02

4.0000E+00
1.4000E+01

2.8000E+0L
S.0000E+01

1.703SE-02
1. SSSIE-OE



H.umummrop

1.3992E-01

1.42036-01

o  u,mow

58 § 1.3761E-01 L.36S7E-01 . .
‘5 8 B 1.4288E-01 1.4294E-01 1.423SE-01 1.4117E-01 1.3960E-0L
S 86 1.37766-01 1.3571E-01 1.3351E-01 1.2874E-01 1.2370E-01
S 86 1.1851E-01 1.1361E-01 1.088SE-01 1.037SE-01 9.9153€-02
596 8100123 - DN
586 0 1.S000E-01 1.0000E+00" 2.0000E+00 4.0000E+00".
536 .0000E+00 8, 0000E+00. 1,0000E+01 1.2000E+01 1.4000E+01
'§ 3 6 1.6000E+01 1.8000E+01 2.0000E+01 2.4000E+01 2.8000E+0L
5 3 6 3.2000E+01 3.5000E+01 4.0000E+01 4.SQ00E+01 S5.0000E+01
' 598 1.1007E+01 1.0SBSE+01 1.107SE+0l 1.1148E+01 1.1222E+01-
53§ 1.1214E+01 1.11SIE+0L 1.104BE+01 1.0906E+01 1.0742E+01
596 1.0S626+01 1.0371E+0L 1.0172E+01 9.7534E~00 9,3264E+00
. S 3§ §,3043E+00 8.4372E+00 8. 1147E+00 7,7077E+00 7,3458E+00
"3.20 0 BP S10 8 7.22 1001 20 3 (x€2 ) ,
‘ 510 8 0 - 1.0000E-0L - 1.0000E+00 2, 0000E+00 - 4. oooom+oo,.
§10 6 ' 5.0000E+00 8.0000E+00 1.0000E+01 * 1.2000E+01 1,4000E+0Y -
510 6 1.6000E+01 1.8000E+01 2.0000E+01  2.4000E+01 . 2,8000E+01
‘510 6 - 3.2000E+01 3.6000E+01 - 4.0000E+01 4.4000E+01 4.8000E+01
510 6 1.4554E+06 1.44B0E+06 1.4562E+06 1.4S9SE+06 1.4680E+06-
S10 6 1.47856+06 1.4S11E+06 1.SOLLE+06  1.482SE+06 1.4S2BE+0E
v \ S10 6 '1.4998E+06 - 1.5132E+06 1.5256E+06 - 1.S167E+06 - 1.S3IE7E+06
_ 510 § 1.5552€+06 1.SG662E+06 1.S7SBE+06 - 1.5852E+06 - 1.S929E+06
3.20 0 BP 511 6 7.24 10 o 1200 3. ¢SM2 o oo
_ 5118 . 1.0000E=01. . 1.0000E+00  2.0000E+00 4.0000E+00.
Si1 8 8. oooom+oa 8,0000E+00 . 1.0000E+0] ~ 1.2000E+01 ~* 1.4000E+01
511 & 1.5000E+01 - 1.8000E+01 2.0000E+0L 2.4000E+01 2.8000E+01
811 6 '3.20006+01 3.6000E+01 4,0000E+01 ~4.4000£+01 ~ 4.8000E+0L
511 '8  4.2382E+04 4.2674E+04 - 4,2901E+04. 4.2981E+04- 4.3166E+04 -
'S11°E . 4.3413E+04 4.3719E+04  4,395BE+04 - 4.3471E+04 - 4,3721E+04
'S11 & 4.3883E+04  4.421SE+04 4.4530E+04 4.4291E+04 '~ 4.4787E+04
, 511 6 _4.5254E+04 4.SS27E+04 - 4.S77OE+04. 4. moomm+oa, 4.6204E+04
3.20 'S128781 0012 (BORON2)- T
v S12 6 00 0 1.4544€-05  1.5523€-08 a~ mamﬁm.po _
51382310023 (DOPL)
513600000000
S 513.6 -4, 1533E-05 uamamsom -m puugmaom 1. uﬁmmm-am
3.20. s14s231001 u (DOP2) -
o 514600 00 - 3.1933E-04 -9, umwﬁmnom 8- umusmnoq -F uam»mnom
'3.20 51562100030 (DOP3Y
. 515§ -2,7780E-04 8.4S21E-06 -S. S334E507  1.0092E-08
'3.20°  SI6€2400010 ~-1.5051E-04 2.0440E-04 (DEL ABL)"
3.20 S1767 400010 -5.4028E-03 7.3374E-03 (DEL AB2):
3.20 61400010 =-1,1836E-01" 1.5074E-01 (DEL TR1).
. 3.20° 3665400010 -7.0851E-01 9.62206-01 (DEL-TRA)
S 3.20 653400010 =2 ouumm-am 2.7620E-02 ‘(DEL REMU).
- 3.20 16280001 0.0 0.0 2.8985E-07 (BORONL)
- .3.20 §2,2200000 0,0 °1.0340E+02 UUREL
©3.20 '§2.24000000.0 7.9830€+01 .. - CSMLI)
> S0 RE. =200 o T
2 0.0 RE .15 o
3 0.0 RE ~.15
4 0.0 RE _~i1S
'S 0.0 RS -5
6 0.0° RS = -.1S _
77 0.0 R3 -.15 . -.iS
7. 8 =.20 =.15 - =.15"
1011 o 20.820 "
1012 9,810 .
1013 20.620
1015 25.890
10716 24.940
1017 12.960
1018 25.880
102t 9,810 -
1022 R
1023 - 11.410
1024 9.410
02s. 7.910
102 .6 12.240
1027 o
1028 - 22.630°
1031, 20.620
1032 - 11,410
1033 23.200-
103 4 © 0
1035 12,770
10 38 1]
1037 0
38
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APPENDIX D: .SAMPLE OUTPUT
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OPUS RESULTS

PP I T2 I 7T T TS

TOTAL _NUMBER OF INTEGRAL BP CUHBINRTIONS 1152
NUMBER OF DEPLETABLE BP COMBINATIONS : 33
NUMBER BF ACCEPTABLE BP COHBINRTIDNS C 2

CQSE 373 GIVES LONGEST CYCLE AT 13.240 GHD/HT
FUEL LUADING'

QOQQQ*Q'QQQGOG;Q
# ENRICHMENT =
#» BP LOADING =
# BOC EXPOSURE »
22222 2 By

Lt Al il L I : .

= 2,390 »

. I

* 27.530 »

bbbt St el A sl il Ll s

*=. 2.80 » 3,80 »

* 13,880 »  0.000 =

RARBRRERABERRR AR B REDRDRRRBBR

= 2. 70 * 2,80 » 2, 80 »

o

* 20 ?30 * 15.200 » 14, 5?0 »

IR AS 22 2 2T LT L LN R Y R AR AT A Y S

* 3.20 » 3,20 = 3.20 » 2,70 »

* 4 =» » 8 » »

-* 0.000 = 17,960 » 0.000 = 25.100 =

hhateied ottt Sl el S22 2 a2 22 s a2t T I Y Ty

* 2.80» 3,20 3.20% 3. 20+ 2.70 .
‘ B L 2 »

* 10,400 » 13,080 # 14,320 » O, 000 b 24 SOO =

"i**i{l'{l«lili"l"l'lli**i-l.'li“’l.i"{i“.i"'i'"’.’l.'

. 3. 20 * ~3.20 2.80» 3, 20 * 3,60« 3,20

* - » 4 »

»
* 14, 980 » 10,110 #» 14,950 = 10, 200 # 0.000 = 0.000 »

'"".-I‘QQQQ’QQQQ"".{QQ{iQ.QQ'Q*Q.".“”’*Q'Q“’“““

: .3.20.» 3, SO »= 3. 60 = 3. EO » 3.20 ' 2. ?0 d

* »

. * 14,390 = 0. ooo » 0, ooo * 0.000 » 21 570 = 25. oso »

.i-‘»"i‘llﬂl{li{Gii'lil.i’Q’ﬂl'l0'liQQQ‘.'"QQ"'.’Q'..’Q‘.”

: 2. 80 ». 3.280 = 3, 20 » 2. ?0 »
. 27, 200 » 22,080 » 25 250 » 23 180 »

"iQi.{iii**‘i.ilﬂl.'i{*‘**'i*”*.i’.' .
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