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PROGRAM SUMMARY

Title ofprogram:GRENADE Methodof solution
GRENADE (GREen’sFunctionNodalAlgorithm for the Dif-

Cataloguenumber:AALJ fusion Equation) is based on the linear form of the nodal
balanceequationwritten in termsof the averagenet interface

Programobtainablefrom: CPC ProgramLibrary, Queen’sUni- currentsacrossthe surfaceof a subdomain(node). Green’s
versity of Belfast, N. Ireland (see application form in this functions for the one-dimensionalin-group diffusion-removal
issue) operatorareusedto generatea coupledset of one-dimensional

integral equationsdefined over a node. Theseintegral equa-
Computer: CDC Cyber 170/720; Installation: Institute for tions representan exact(local) solution to thecoupledsetof
Nuclear PowerReactors,Pitesti, Romania one-dimensionaldifferential equationsobtained by spatially

integratingthemultidimensionaldiffusionequationover direc-
Operatingsystem:NOS 1P4552/552 tions transverseto eachcoordinatedirection.

The integral equationsare approximatedusing a weighted
Programminglanguageused: FORTRAN IV residualprocedure.Theresultingmatrixequations,whensolved

in conjunction with the linear form of the nodal balance
High speedstoragerequired: about26 Kwords programlength equation,provide the necessaryadditional relationshipsbe-
+ variablestorage(seesection4.2) tweenthenet interfacecurrentsand theflux within a node.

Numberof bits in a word: 60 Restrictionson thecomplexityof theproblem
Thesizeof thereactormodel that canbehandledis limitedby

Numberof lines in combinedprogram and testdeck: 2864 computercorecapacity.

Keywords:diffusionequation,nodal method,eigenvalueprob- Typical running time
lem, neutron, fission sourceiteration, extrapolation,coarse- On CDC CYBER 170/720thesolutionof thetwo-dimensional
meshrebalancing two-group IAEA benchmarkproblem[2] with a 9 x 9 points

meshgrid took about9 s CPUtime.
Natureofphysicalproblem
The program is designedto solve the static multigroup diffu- References
sion equationfor neutronsin multidimensionalproblems,as- [1] R.D. LawrenceandJ.J.Doming,Nucl. Sci. Eng.,76 (1980)
suming Cartesiangeometry. The program yields flux- and 218.
powerdistributions and the effectiveneutron multiplication [2] Argonne CodeCenter,BenchmarkProblem Book (ANL-
factor~ 7416, ArgonneNationalLaboratory,1977).

* Presentaddress:Instituteof IsotopicandMolecularTechnology,R-3400Cluj-Napoca5, P.O.Box 700, Romania;authorto whom
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LONG WRITE-UP

1. Introduction

Thecalculationof the powerproducedthroughouta nuclearreactortypically beginswith the evaluation
of equivalenthomogenizedgroupdiffusion parametersfor relativelylargesubregionsof the reactor.These
parameterscanthenbeusedin the subsequentcomputationof theglobal powerdistribution by solving the
diffusion equationfor this “homogenized-assembly”reactormodel.Theuseof finite differencetechniques
for the solutionof suchglobalproblemsturns out to beextremelycomputertimeandmemoryconsuming,
due to the very large numberof unknownsrequired to achieveacceptableaccuracy.One very efficient
approachfor the solution of suchproblems,that hasbeenin uselately in different variants, is the nodal
method[1].

GRENADE (Green’sFunctionNodal Algorithm for the Diffusion Equation),the algorithmon which
GRENADE computercode is based,is in many aspectssimilar to NGFM (Nodal Green’s Function
Method) [2]. The description of GRENADE, given in section 2, follows that of ref. [2]. The main
differencebetweenGRENADE andNGFM consistsin the usageof different nodal Green’sfunctions.In
addition,NGFM usesincomingandoutgoingpartial currentsat the nodesurfaces,while GRENADEuses
half as many net currents.This aspectmakesGRENADE more efficient in termsof computertime and
memory.

2. Descriptionof the Green’sfunction nodal algorithmfor the diffusion equation

The time independentdiffusion equationcan be written in the standardmultigroup form:

V71)g(1) ‘~g(r)+.�~(r)4g(r)=Qg(r), (1)

whereDg is the diffusion coefficient, 4’~is theflux and is the removalcrosssection:

~(r) = ~(r) +

g’*g

with .�~denotingthe absorptioncrosssectionand~‘gg’ the scatteringcrosssection.Thetotal groupsource
is definedby the following relations:

Qg(r) = Q~(r) +
eff

Q~(r)= (2)

Q~(r)= g~1 (vY4~(r))q~g~(r),

where is the scatteringsource,Qf is the total fission source,Xg is thefission spectrum,(v.~) is the
productioncrosssection. Eq. (1) is solved subject to suitable boundaryconditions and with the usual
continuity conditionsacrossinternalsurfaces.
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2.1. Thenodal equations

AssumingCartesiangeometry,we partition the reactorvolume V in K disjoint homogeneousboxes
(nodes)of volume Vk, k = 1, 2,..., K. Integratingeq.(1) overa box Vk yields the nodalbalanceequation,
which canbewritten in termsof the face-averagednet currents:

—J~(—a~)1+~,/c~=~k g1, 2,...,G; k=1, 2,...,K. (3)

a~,u = x, y, z, denotethe nodehalf widths, i.e.

V~=[—a~, a~]x [_a~, a~]x [—a~, a~].

The average(nodal)flux is definedby:

~m_j,~~fd3r4g(r).
kVk

The face-averagednet currentsacrossthe nodesurfacesperpendicularto the u-directionare givenby:

J~(—a~)= _D:[-~—4~u(U)]k~

J~(a~)= _D:[_~_4Pgku(u)Ik, (4)

where4~(u) is apartially integratedflux:

1 a~’ a~’ k
~~(u)m ~ ~g(u, v, w), u=x, y, z; v#w~u.

In order to solve eq. (3) for the nodal fluxes, oneneedsadditional equationsrelating the surfacenet
currents to the interior fluxes. These relationshipscan be derived from the three one-dimensional
equationsobtainedby integratingeq. (1) for eachnode over two transversedirections:

—D~~(u) + ~‘~~(u) = Q~(u)— L~~(u),u = x, y, z; g = 1, 2,..., G; k = 1, 2,..., K,

(5)

wherethe u-dependentnetleakagein the two directionsperpendicularto the u-directionis definedas:

L~~(u)m~
4a~akwj~’.1_’ D(_~-~+_~_~k(u,v, w).

Usingeq.(4), the averagedvalueof the transverseleakagecanbewritten in termsof the face-averagednet
currents:

L~m L~~(u)= —_~[Jg~(a~)—J~(—a~)]+ T[~w(’~)—J~’~(—a~)]. (6)
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2.2. The local integral equations

Eq. (5) will be convertedto an integral equationusing the Green’sfunction for the one-dimensional
diffusion removaloperator.The Green’sfunction satisfiesthe equation:

_D:~_~G:u(u,uo)+~.kG:u(u,uo)=8(u_uo), —a~<u,u0~<a~. (7)

On the assumptionof satisfyingNeumann type boundaryconditions at u = ±a~ the nodal Green’s
function hasthe form:

cosh(~(a~+u))cosh(w~(a~—u0)) ~

2Dw sinh(2wa~) ‘ °‘

G”~(u, u0) =gu cosh(~:(a~—u))cosh(~(a~+uo)) u>u

2D~4sinh(2~oa~) ‘

with (wk)2 = ~k/Dk Multiplying eq. (5) with G~(u,u0) and eq. (7) with 4~~(u),subtractingthe
resulting equationsandthen integratingfor u E [— a ~, a~] oneobtainsthe integralequation:

4~~(u)= J’~duoG~’~(u,uo)(Q~(uo)— L~~(uo))+ G~(u,—a~)J~— G~(u,a~)J5”~. (8)

Assumingthat the index k refers to the u-direction, and that J~(a~)~J,7’(—a~’) for all k, the
following notationswereusedin eq. (8):

rkrk( k\ i_=i ~ K
gu gu~ a~j, ,

JK±1 =JK(aK
gu — gu\ u

We can obtain additional equationsfor the net currentsby imposingthe naturalcondition of partial
integratedflux continuityacrossinternalsurfaces:

~l~~1(a~_i) =~~(—a~), k=2, 3,..., K

or, from eq.(8):

~ u=x,y,z;g=1,2,...,G;k=2,3,...,K, (9)

where

A’< = — G”
11 —a~’1 a~’1gu gu \ U U

B~=G~1(a~1,ar’) + G~(a~,at),

~ (10)

= f°”d~ G(a~’, uo)(Q~j1(uo)— L~1(uo))

—f’~duoG~(—a~,u
0)(Q~~(u0)—L~~(u0)).
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Describingtheboundaryconditionsfor the u-directionby meansof two constants,a~and /
3~~definedby

the relations

JK+i

a~-~~(-a~)’ ‘~~=

oneobtainsfrom eq.(8) two moreequationswhichcompletethesetof linearequationsfor the net currents
(9). Thecoefficientsfor theseadditionalequationsare:

~ = G~~(a1~,a~) — 1/an,

C
5~=—G~~(—a~,,a~)=A~~,

~tu= f0~duQ ~(—a~, u0)(Q~~(uo)—L~~(uo)), (11)

A~~+1=_G~~(_aKaKgu guk a’ u

B5
1~~1= Gg’<u(a~~~,afl + 1/$~,

~K+1 = fa~du
0 G~(a~,u0)(Q~(uo)— L~’~(u0)).

The valuesof — a and f3~for reflective-, vacuum-, extrapolatedvacuum-and ~m = 0 boundarytype
conditionsare, respectively,0, ~, 0.4695 and0.5.

2.3. Spatial approximations

Eq. (8) and (9) are reducedto matrix equationsusing a standardweightedresidual procedureto
approximatethe spatial dependence.The partially integrated group fluxes, group sourcesand the
transverseleakagesare approximatedas convenientlytruncateorthogonalpolynomial series:

= ~ (12a)

Q~(u)= ~ Q~~p~~(u), (12b)
n=1

3

L~~(u)= ~ ~ (12c)
n—i

with the polynomialsdefinedas:

p~(u) = 1, p~2(u) = u, p,~3(u)= u
2 — ~(a~)2.

Theleadingcoefficientsin the expansions(12) are clearlythe correspondingaveragevaluesover thenode.
A set of equationsfor the flux coefficients can be obtained by substitutingeqs. (12) into eq. (8),
multiplying the resultant equation by one of the expansion polynomials and then integrating for
u ~ [— a~, a ~]. The result canbewritten:

N:mcb~um= n~imn~~~ + G~J~—G~JU~1, (13)

u=x, y, z; g=1,2,...,G; k=1,2,...,K; m=1,2,3,
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where N~mis the squarenormalizationconstant for the polynomial Pukm@~)and the Green’s function
matrix elementsaregiven by:

Gkgumn fd()f du0 p~(uo)G~(u, u0) = 8 ~Pflfl gum~

G~1=2a~A, (14)

2
Ggu2 = ~(a~)

3A + 2 (wa~cosh(wa~)— sinh(wa~))C
2,

~~3=~(a~)
5A+ ()

3((3(~u)1)sinh(w~au)W~aucosh(W~au))C3,

and,respectively,by:

k± ~ kGgummfdupum(u)G;u(u, ±a~),

G”~ = G”~ =A (15)gal gui

G”~= —G=a~A+sith(wa~)C2,gu2

= G~J= (aUk)

2A + B + cosh(wa~)C
3,

where

1

A=

B=

1
C2= (16)

D(w)
3 cosh(coa~)

1
C

3 = - _____________

D(w)~ sinh(w~a~)

The partial integratedtotal sourcecoefficientsandthe r.h.s.termsfor eqs.(9) can now be written:

= ..?~L~ ~ + ~ ~s~k~k (17)gg g’un’
eff g’i g’=i

3

= — ~ G~ ~Q~um~ ~gu gums gum,rn-i

3
= ~ LG(k_i)±(Qk_i— L”~ — G’~ (Qgkum — i4um)I, k = 2, 3,..., K, (18)

gu gum ,~ gum gum, gum~
rn-i

3
~ GK+(Q~m_LK ‘~.

~gu gums gum /m=i
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2.4. Transverse leakages

The expansioncoefficientsfor the transverseleakagesare computedusingthe quadraticapproximation
of Bennewitzet al. [3]. It is supposedthat thequadraticpolynomial definedby eq. (12c) also extendsover
the two adjacentnodesin the u-direction.The leadingcoefficientin this expansionis simply the average
leakageL~in the centernode,while the two remainingcoefficientsarecalculatedby requiring that the
expansionyields the properaveragevalues, L~1and L~~, over the adjacentnodes,i.e.

2a~1J~~
2a~idu L~~(u)=

~±I fa~+2a~j L~~(u)= Lu’.
2a~ a~

Evaluatingthe integralsinvolved in theseequations,the secondandthe third expansioncoefficientscanbe
expressedas:

1k _f~k—1~k \,Zk (Ik+lIk \/‘k
‘~gu2 — ~ gu ‘~gu)’~u4 ~‘~gu gu)’-u2’

Lgka3 = —(Z~:

1 — + (Lgu — Z~U)ãI~, (19)

where

C~=C~/~,i=1,2,3,4, ~

and

C~=_(a~+a~1),

(20)

= a~+

1-’k ....2( k~ k+1\( k~i k±~
‘u4 s~a~a~ ~ a~

The transverseleakageexpansioncoefficientsfor boundarynodesare computedsuchthat the average
leakageover a fictitious adjacentnode situatedbeyondthe boundaryis zero for vacuumtype boundary
conditionsand hasthe value of the averageleakagein the boundarynode for reflective type boundary
conditions.

3. Numerical implementationof GRENADE

3.1. Generalaspects

The eigenvalueproblem is solved usinga standardfission sourceiteration procedure.The one-dimen-
sional net current equations(9) for the x-, y- and z-lines of the three-dimensionalmeshare solvedusing
single Gauss—Seideliterations. Actually, alternatingdirections iterations are used, i.e. the program
performsNITXY alternatingsolutionsof the x- and y-direction equationsfor eachplaneof the reactor
model, solving the z-direction current equationsseparately.At eachouter (fission source)iteration this
entireprocedureis repeatedNITXYZ timesin order to achieveglobal convergenceof the currentsto a
certainextent.Both NITXY andNITXYZ are specifiedin the input. It wasfound that for mostpractical
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problems the program works most satisfactorilywith NITXY = NITXYZ = 1. The transverseleakage
contribution to the effective group sourceis updatedusing the most recently available values for the
currents.The leadingtransverseleakagecoefficientis computedfrom eq.(6), while the othercoefficients
are calculatedusingeqs.(19). Oncethe currentsare computed,the expansioncoefficientsfor the partially
integratedfluxes are thenupdatedusingeq.(13) andare normalizedto the nodal fluxes obtainedfrom the
nodal balanceequation(3). The normalizationprocedureis intendedto counteractthe unbalancingthat
might occurduring the alternatingdirectionsiterations.The entireprocedureis repeatedfor eachenergy
group.

The effectjveneutronmultiplication factor is computedby meansof the Rayleighquotient[4,5]. This
procedurecanbe summarizedas follows:

~dV
— J \~ / b.(n— I) — 1

eff eff n— ,,,...

J dV Qf(fl_1)Qf(fl)

whereQ
1~ is the total fissionsourceat the nth outer iteration.

The outer iterationsare acceleratedusingcyclic Chebyshevextrapolationin conjunctionwith coarse-
mesh rebalancing.

3.2. The Chebyshevextrapolation

The extrapolationschemeusedis

Qifl) = w~Q~”~+ (1 — ~.,jn))Qf(n_1)

For a cycle length of 6, the Chebyshevsequencewould give:

1

(i3~ — 1 — ~a [cos(Trm
1/12)+ 1]

with m1 = 1, 3, 5, 7, 9, 11. Here a representsan estimatefor the dominanceratio of the iteration process.
At eachouter iteration thisestimateis computedas:

— f dV (Qf(n) — Qf(n_1))

a— . dV (Qfn_i — Qf(fl_2))

In the caseof the Lebedevextrapolationscheme[6], actually usedby the program,the sequencem, is
rearrangedin order to avoidnumericalinstabilities: rn = 3, 9, 5, 7, 1, 11.

The programentersan extrapolationcycle only whencertainconvergencesmoothnessconditionsare
met, i.e. whenthe relativeerror in the dominanceratio estimateat two successiveouter iterationsis less
than0.1. The dominanceratio estimateusedwithin an extrapolationcycle is the one usedfor the first
extrapolationstep.

3.3. The coarsemeshrebalancing

The rebalanceequationsare constructedon a course mesh obtained by partitioning the reactor
configurationinto an array of cells, such that eachcoarsemesh cell boundarycoincideswith a node
boundary, and each coarsemesh cell contains at least one “material” node. After each completed
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extrapolationcycle,improvedestimatesfor fluxes andcurrentsmay be obtainedby scalingthesewith the
rebalancefactors:

~‘k.....,k k 3k .....3(,k+,k_1\Jk
4)g_J ~g’ gu 2~.J J I ga~

For the nodescontainedwithin acoarsemeshcell, the rebalancefactor is the same.
An equationfor the rebalancefactors is obtainedby requiringthat the rebalancedsolution satisfiesthe

coarsemeshbalanceequationobtainedby summingthe nodal balanceequation(3) overall energygroups
andoverall nodescontainedwithin a coarsemeshcell. Assumingthat the spacecollapsingis carriedout
only in the x—y planeobtainedby collapsingall x—y planesof the reactormodel, the equationfor the
rebalancefactors takesthe form:

amflfmu7_l+ b,~,nfm_l~n+ ~ + ~ + cmflfm1~~= k~ff_itmnfm.fl,

wherethe indicesm and n rangeoverthe numberof x- and y-coarsemeshintervals,respectively.Making
the notations:

4fl — 5

im — amn Im

~ for 1= m — 1,

B~= b~~,forl=m,Im b,~~,forl=m+1,

0,for/#m, m+1,

S
‘~lm— cmnu,m,

= tmnôim,

we obtainthe following block tridiagonalmatrix system:

A~f~1+ ~ + C~f”~’= k~ff~1T~f~,

where1” definestherebalancefactor vectorfor the n th coarsemeshy-line. This eigenvalueproblemfor
~ is solved using an iteration proceduresimilar to the fission sourceiteration. At each iteration the
inversionof the LHS operatoris carriedout usinga forwardelimination—backwardsubstitutiontechnique.

4. Programstructureand operation

4.1. General remarks

The programGRENADEis self-contained(it doesnotcall anyexternaluserlibrary subroutines)andit
consistsof subprogramswritten exclusivelyin FORTRAN IV. Theonly machinedependentcodingin this
programconcernsthe mass storageI/O subroutines(OPENMS, WRITMS, READMS, CLOSMS), the
operatingsysteminterfacesubroutinesreturningcurrentdate(DATE) andCPU time(SECOND), andthe
dynamic memory allocation systemsubprograms(CMMALF, LOCF) of the CDC CYBER 170/720
computer.

The bulk of datakept in the high speedmemory is organizedin arrays correspondingto a certain
direction, to a certainenergygroupandto a certainx—y plane.Datafor all directions,energygroupsand
x—y planesare storedon massstoragerandomfiles.

The operationof the programassumesthe Cartesiancoordinatesystemto be orientedsuch that the
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GRENADE_} J_j~PUTt I
—{ IN/Ti

—~ ADRS 1
—i:: j~ij——~__OPENF

H__/NPUT2

H INIT2

H__GREEN

COEFJ

H COEFL

H FISS OMEGA

:1 ~ Hs~n1

—JCRNT I
~ .~ _____ H FLUX

REBAL ~ MAT/NV

—~ NORM J PANT

CLOSF

Fig. 1. GRENADE simplified flowchart.

x-axis is pointing to the bottomof the page,the y-axis is pointing to the right edgeof the pageand the
z-axisis pointing to the onlooker.

4.2. Program description

A simplified flowchart of the GRENADEprogramis shownin fig. 1.
The main programGRENADE calls only four of the programsubroutines:INPUT1, INIT1, ADRS

and CALLS (which takesoverthe programflow control). It containsthe arraydeclaringstatement

DIMENSION A(1)
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for the variable A, which is subject to dynamic memory allocation. The dynamic memory allocation
sequenceis:

CALL SYMLIB
CALL CMMALF(NW +1,0,0, IA)

LA = IA — LOCF(A(1)) +1

with NW (the number of words required by the arrays used within the program) being previously
calculatedin subroutineINIT1. For machineshavingno dynamicmemory allocationfacilities, arrayA
shouldbe dimensionedaccordingto NW and the abovesequenceshouldbereplacedby:

LA = 1

It is apparentthat LA correspondsto the first word location of the arrayA. The main programalso
providesstart-of-executionand end-of-executionCPU time and writes the total executiontime to the
output file.

SubroutineINPUT1 writes GRENADEbannerandcurrentdateto output file. It readsandwritesthe
job title. It also readsnecessarydatafor dynamicmemoryallocation: the numberof spatialdimensionsof
theproblem(1DM), the numberof x-, y- and z-meshintervals(IM, JM and KM), the numberof x- and
y-coarsemeshintervals(1CM, JCM), the numberof materials(NMAT) andthe numberof energy groups
(1GM). For one-dimensionalcasesit redefinesJM = KM = 1 and for two-dimensional casesit sets
KM =1.

SubroutineINIT1 computesfrom the datareadby INPUT1 the numberof wordsof core requiredby
the arraysusedby theprogram,accordingto the relation:

NW=19xIMxJM+lOx(IM+JM)+(9+1OxIGMxIDM)xKM

+(4+ IGM)x IGMxNMAT+(1 + lox IDM)x IGM+(ICM+JCM) x(ICM+ 1)+27.

It also computesarraylengths,which are storedin COMMON block NDIM.

SubroutineADRS calculatesfirst word addressesfor the programarrays, relative to the first word
addressof the arrayA (subjectto dynamicmemoryallocation).

The main task subroutineCALLS fulfils is to control the overall flow of the program,calling the bulk
of the programsubroutinesandequivalencingthe first word addressesof the arrayswith the correspond-
ing componentsof arrayA.

SubroutineOPENFopensthe massstoragerandomfiles. It also generatesrecordindices and stores
them in the recordkey array IND (this is a three-dimensional,direction-, plane-and group-dependent
array).

SubroutineINPUT2 readsthe bulk of input dataandwrites them to the output file:

NIT maximumnumberof outeriterations,
NITXY numberof x—y alternatingdirectionsiterations,
NITXYZ numberof x—y—zalternatingdirectionsiterations,
NITR maximumnumberof iterationsfor therebalancingeigenvalueproblem,
IOPBN variable indicatingoptionaluseof straight/polygonalboundaries,
IOPEX variable indicatingoptionalfission sourceextrapolation,
IOPRB variable indicatingoptionalcoarsemeshrebalancing,
IOPRS variable indicatingwhether the calculationis a restartedone,
IOPWR variableindicatingwhethera shortor a long outputreportis desired(seesection6),
EPSF flux convergencecriterion,
EPSK keit convergencecriterion,
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IALF(ID) left sideboundaryconditiontypefor direction ID,
IBET(ID) right sideboundaryconditiontype for direction ID,
X(I) x-direction meshspacing,
Y(J) y-directionmeshspacing,
Z(K) z-direction meshspacing,
MAPZ(I, J) materialmap for a certain x—y plane,
MI(1, J), MI(2, J) minimumandmaximumI, respectively,for the “material” nodeson the Jth x-line,
MJ(1, I), MJ(2, I) minimumandmaximumJ, respectively,for the “material” nodeson the Ith y-line,
IIC(IC) orderingnumberof the x-mesh interval at which the ICth x-coarsemeshinterval

begins(the programsetsIIC(1) = 1),
JJC(JC) orderingnumberof the y-meshinterval at which the JCth y-coarsemesh interval

begins(the programssetsJJC(1)= 1),
ASIGM(M, IG) absorptioncrosssectionfor materialM andgroup IG,
FSIGN(M, IG) productioncrosssection(v~),
SSIGM(M, IG, IG1) scatteringcrosssectionfrom group IG to group IG1,
HI(IG) fission spectrum.

As it is obviousfrom the aboveexplanations,arraysMI andMJ describetheboundariesof the x—yplanes
(all identically shaped).Sucha detaileddescriptionis necessaryfor casesfor which the reactormodel is
not simply a rectangularbox, but has“polygonal” boundariesinvolving the x- and y-directions.Arrays
IIC andJJC describethe rectangularx—y rebalancingmap. The coarsemesh spacingsshouldbe chosen
such thateachcoarsemeshcell containsat 1e~stone“material” node(specialcareshouldbe takenfor the
caseof “polygonal” boundaryproblems).Failure to meetthis requirementleadsto fatal programerrors.
VariablesIOPBN, IOPEX, IOPRB, IOPRSand IOPWR are storedin COMMON block OPTN.

SubroutineINIT2 initializes boundarycondition constantsa~and ~ according to the boundary
conditiontype specifiedby IALF(ID) andIBET(ID). The resultingvariables,ALFA(ID) and BETA(ID),
are stored togetherwith IALF(ID) and IBET(ID) in COMMON block BNDR. INIT2 also constructs
removalcrosssections,RSIGM(M, IG), from absorptionandscatteringcrosssections.If the problemhas
straightboundaries(IOPBN = 0), INIT2 sets

MI(1,J)=1, J=1,JM,

MI(2, J) = IM,

MJ(1,I)=1, I=l,IM,

MJ(2, I) = JM.

If the calculationis not a restartedone (IOPRS= 0), INIT2 initializes flux, fission sourceand currents.
The averagenodalfluxes are initialized to 1, while theothercomponentstogetherwith the fission source
componentsand the currents are zeroed. INIT2 also constructsnormalization factors for the nodal
expansionpolynomials.

SubroutineGREEN computesGreen’sfunction matrix elementsGG(N, I, J), N = 1, 2, 3, accordingto
eqs.(14) andGM(N, I, J), N = 1, 2, 3, given by eqs. (15).

SubroutineCOEFJconstructscurrentequationcoefficients~ and B~given by eqs.(10) and (11).
For the x-directionthesecoefficientsare storedasABX(1, I, J) andABX(2, I, J), respectively.In a similar
mannerarrayABY is usedfor they direction andarrayABZ for the z direction.

SubroutineCOEFL generatestransverseleakagecoefficients C~from eqs. (20) and stores them in
arrays(CLK(4, I, J) for the x and y directionsandCLZ(4, K) for the z direction, respectively.

SubroutineFISS computesfission source,extrapolatesit if desired,calculatesthe effective neutron
multiplication factor ~ (KEFF in the program) and testsif kett and the flux haveconvergedto the
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desiredprecision.The Chebyshevextrapolationfactor is providedby function OMEGA. The COMMON
blocks ITER and FSIT contain fission source iteration related data: IT (outer iteration loop counter),
NBIT (control variable for the extrapolationand rebalancingsteps),NIT, NITXY, NITXYZ, NITR,
TIME1 (start-of-executionCPU time), EPSF, EPSK, ERRF (relative flux error), ERRK (relative keti

error), KEFF and REBC (rebalancingconstant).Definitions for ERRF, ERRK and REBC are given in
section6.

SubroutineSCAT generatesthe scatteringsourceandthe total groupsourceQFSL.
SubroutineCRNT computesthe net interfacecurrents(JIX, JIY and JIZ) for the threeperpendiculat

directions, by solving the correspondingone-dimensionalcurrent equations(9). This subroutinealso
controls the x—y and x—y—z alternatingdirectionsiterations.The transverseleakagecontributionto the
effective group sourceis updatedusingthe most recently availablevaluesfor the currents.The effective
group source,QFSL, is storedfor furtherusein subroutineFLUX.

SubroutineFLUX constructsflux coefficients(FI(N, I, J), N = 1, 2, 3) according to eq. (13). It also
scalesthe flux coefficientsto the averageflux computedfrom the nodalbalanceequation(3).

Subroutine REBAL generatescoarse meshrebalancefactors and scalesthe flux coefficients and
currents.For the accomplishmentof the matrix inversion,subroutineREBAL calls subroutineMATINV.

SubroutineNORM normalizestheflux suchthat the core-averagedpowerequals1. For thisnormaliza-
tion scheme,the averageassemblypowercoincideswith the averageassemblyfission source.NORM also
normalizesthe currents accordingly.For IOPWR = 1, this subroutinewrites by means of subroutine
PRNT the averageflux andpowerdistributionsto the output file.

4.3. File names used by GRENADE

BesidesINPUT (TAPE1)andOUTPUT(TAPE2), the programGRENADE makesuseof 11 local files.
We give a brief descriptionof the contentsof thesefiles.

TAPE3 flux coefficients,
TAPE4 netinterfacecurrents,
TAPES fission sourcecoefficients,
TAPE6 fission+ scatteringsourcecoefficients,
TAPE7 ~ Green’sfunction matrix elements,
TAPE8 GU~ Green’sfunction matrix elements,
TAPE9 currentequationcoefficients,
TAPE1O materialmap,
TAPE11 effectivegroupsourcecoefficients,
TAPE12 leakagecoefficientsC,~,
TAPE13 factorizationmatricesin the block matrix inversionprocedure.

4.4. Restarted calculations

Any GRENADEcalculationcanbe continued,i.e. restartedfrom the stageat which it ended,provided
• the necessaryfiles arestored.Such“continuation” runs (selectedby settingthe variable IOPRS= 1) may,
for example,be necessaryfor improving the convergenceon flux distribution. The files to be savedfor
such casesare TAPE3, TAPE4 andTAPES,namely thoseon which,respectively,flux, currentsandfission
sourcereside,quantitieswhich are otherwisebeing initialized in subroutineINIT2.

Also flux-, currentsand fissionsourcedistributionscanbe usedasa first quessin a calculationwith a
changedmaterialconfiguration,as longas the meshconfigurationremainsidentical.
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5. Input preparation

The card inputconsistsof 18 card types,whichare sequentiallydescribedin table1.

Table I
GRENADE cardinput ([xl is heredefinedasidentical to x if x is an integer, otherwisethevalue of x roundedto thenext higher
integer)

Card Format Columns Variable Comments
type

1 8A9 1—72 TITLE(I) (TITLE(I), I = 1, 8) title of calculation

2 2413 1—3 1DM (1/2/3)
4—6 IM
7—9 JM if IDM.GE.2

10—12 KM if IDM.EQ.3
13—15 1CM
16—18 JCM

3 2413 1—3 NMAT
4—6 1GM

4 2413 1—3 NIT
4-6 NITXY typical value= 1
7—9 NITXYZ typical value= 1

10—12 NITR typical value= 20

5 2413 1—3 IOPBN thevaluefor thefollowing itemsis
4—6 IOPEX 1 if thecorrespondingoptionis
7—9 IOPRB desired,otherwise0

10—12 IOPRS
13—15 IOPWR

6 6E12.5 1—12 EPSF typicalvalue=10
4

13—24 EPSK typical value=10~6

7 2413 1—3 IALF(1) 0 — reflective,1 — vacuum,
4—6 IBET(1) 2 — extrapolatedvacuum,3 — = 0
7-9 IALF(2) if IDM.GE.2

10—12 IBET(2) if IDM.GE.2
13—15 IALF(3) if IDM.EQ.3
16—18 IBET(3) if IDM.EQ.3

8 12F6.2 1—72 X(I) (X(I), I =1,IM); [IM/12l cards

9 12F6.2 1—72 Y(J) if IDM.GE.2
(Y(J),I = 1, JM); [JM/121 cards

10 12F6.2 1—72 Z(K) if IDM.EQ.3
(Z(K), K = 1, KM); [KM/12l cards

11 3612 1—72 MAPZ(I, 1) if IDM.EQ.1
(MAPZ(I, 1),I = 1, IM;); [IM/36] cards

12 3612 1—72 MAPZ(I, I) if IDM.GT.1
(MAPZ(I, I), J= 1, JM); [JM/36l cards;
cardtypeshouldbe repeatedfor I = 1, IM

13 2413 1—72 MI(N, I) if IOPBN.EQ.1
(MI(N, I), I = 1, JM); [JM/24] cards;
cardtypeshouldbe repeatedfor N = 1, 2



TA. Benet aL / Solving thestatic diffusion equationfor neutrons 211

Table 1 (continued)

Card Format Columns Variable Comments
type

14 2413 1—72 MJ(N,I) if IOPBN.EQ.1
(MJ(N, I), I = 1, IM); [IM/24l cards;
cardtypeshouldberepeatedforN = 1, 2

15 2413 1—72 IIC(IC) if IOPRB.EQ.1
(IIC(IC), IC = 1, 1CM); [ICM/241 cards

16 2413 1—72 JJC(JC) if IOPRB.EQ.1
(JJC(JC),IC = 1, JCM); [JCM/24] cards

17 6E12.5 1—12 ASIGM(M, IG)
13—24 FSIGN(M, IG)
25—36 DIF(M, IG)
36—72 SSIGM(M, 1G. IG1) (SSIGM(M, IG, IG1), IG1= 1, 1GM)

if IGM.GT.3, scatteringcrosssections
arereadfrom [(IGM-3)/6} morecards
with format 6E12.5;
thiscard typeshouldberepeatedfor
IG =1,1GM, andfor eachIG, for M —1, NMAT

18 6E12.5 1—72 HI(IG) (HI(IG), IG = 1, 1GM); [IGM/6] cards

6. Outputinterpretation

The output generatedby a GRENADE executionis organizedinto two main sections: INPUT DATA
and OUTPUT DATA.

The input datasectionbeginsright after the GRENADE bannerand the currentdate. The title card
input is listed. Further GRENADE lists in a structuredmannerthe quantities1DM, IM, JM, KM, 1CM,
JCM, 1GM, NMAT, NIT, NITXY, NITXYZ, IOPEX, IOPRB,EPSFandEPSK.Next, theprogramprints
the numberof words of core requiredby the arraysusedby the program. Further, the code lists the
boundaryconditiontypes,the meshspacingsfor the threeperpendiculardirections,the materialmap(in
increasing order of the planenumber), the boundarylimits for the x- and y-directions(for polygonal
boundarycases)andthe rebalancingmapfor the x- andy-directions.The inputdatasectionendswith the
materialproperties,listedin a tabularmanner,andthe fission spectrum.If the removalcrosssectionturns
out to bezero, it is set to 1020 anda warningmessageis issued.

The output datasectioncomprisestwo sub-sections:the iteration-governedoutput andthe final flux-
and powerdistribution output.The latter actuallyappearson the outputreport only if IOPWR= 1.

The iteration-governedoutput is most importantsinceit showshow the flux iterationsproceed.At each
outer iteration, a line of output is generatedby subroutineFISS. It gives the presentvaluesof IT (the
currentiteration number),TIME (CPU time since the start-of-execution),KEFF, ERRK(the eigenvalue
convergence)definedas

ERRK = 1 — k~)/k~ i)

ERRF (theflux convergence),given by

ERRF = max — ~ ~1)1,
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0.583

-0.34

0.469 0.688 0.599

-0.43 0.29 0.33

1.194 0.968 0.907 0.847

0.08 0.10 0.11 0.12

1.471 1.347 1.180 1.070 0.973 0.692

0.14 0.15 0.08 0.00 -0.21 0.00

1.435 1.481 1.375 1.071 7.035 0.949 0.735

0.00 0.07 0.00 0.09 -0.10 -0.11 -0.14

0.748 1.308 1.451 1.210 0.610 0.935 0.933 0.753

0.27 -0.15 -0.21 -0.08 0.00 0.00 -0.11 -0.27

Fig. 2. Assembly-averagedpowerdistribution andrelativeerrors(in %) for thetwo-dimensionalIAEA benchmarkproblem,with one
nodeper assembly.

where 4, are the fluxes,REBC (rebalancingconstant)definedas

REBC=~~.(1—fl2,

whereJ are the rebalancingfactors,and0MG (the Chebyshevextrapolationfactor).

7. Test runs

The test run deck comprisesthe input for the two-group IAEA benchmarkproblems,which are
simplified two- or three-dimensionalmodelsof a pressurizedwater reactor[7].

0.597

0.02
0.475 0.703 0.614

-0.27 0.49 0.60
1.177 0.972 0.924 0.869

-0.11 -0.03 0.05 0.29

1.365 1.310 1.180 1.088 0.999 0.713

-0.23 -0.08 -0.13 -0.09 -0.08 0.30

1.391 7.427 1.287 7.070 1.053 0.975 0.758

-0.39 -0.31 -0.32 -0.16 -0.18 -0.14 0.20

0.730 1.275 1.415 1.189 0.608 0.953 0.959 0.777

0.17 -0.48 -0.50 -0.31 -0.30 -0.02 -0.03 0.03

Fig. 3. Axial-averagedassembly-averagedpowerdistribution and relative errors(in %) for thethree-dimensionalIAEA benchmark
problem,with a 20 cmmeshspacing.
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The GRENADE assembly-averagedpowerdensityoutput for the two-dimensionalIAEA problem,for
a 20 cm meshspacing(onenode perassembly),togetherwith the correspondingrelativeerrors (in %) to
the IAEA referencevalues,are presentedin fig. 2. For this problemthe GRENADE kCff is 1.029560,while.
the referencevalueis 1.029585.Taking into accountthe computerfeatures(especiallythoseconcerningthe
numberof operationsper second) it is to be notedthat the GRENADE executiontime (9.3 s on the
CYBER 170/720) is smaller than thosereportedin the literature [2] and the maximum error in the
assemblyaveragedpowerdistributionis smalleras well (exceptthe Partial CurrentBalanceMethod which
is slower,however).Fig. 3 showsthe axial-averagedassembly-averagedpowerdensitydistribution for the
three-dimensionalIAEA problemtogetherwith the correspondingerrorsto theIAEA referencevalues.For
this problemthe accuracyof GRENADE againcomparesfavourablywith that of othersolutionsquoted
in ref. [2].
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TEST RUN OUTPUT

* 00(10 RRRRR EEEEEE NN MN AA tiE’L’r:ID EEEEEE
000000 RRRRRR EEEEEE NNN NN AAAA DDEIDDD EEIEEEE ~
GO RR RR EE NNNNNN AA AA LID DLI EE
00 000 RR RR EEEEE MN NNN AA AA DD LID EEEEE ~
00 00 RRRRR EE NN NM AAAAAA DO DEl EE

~ oorroo RR RR EEEbF-E NN MN AA AA DDL’DDD EEI-EEE
*i 0000 RR RR EEEEEE NN NN AA 44 tIDEIEID EEEEEE
II

GREEN’S FUNCTION NODAL ALGI:RVTHM FOR DIFFUSION EQUAl ION

:35/1)5/1:3.

~iINPLIT tIATA~

2D ~ENC:HMARK PROL~LEMI “FiENCHMARK PRCIOLEM QOC’K”,ANL—7416(197/)

1DM 1/2/3=NO.OF SPATIAL DIMENSIONS 2
IM NO. (IF X—MESHINTERVALS 7
.JM NO. OF V-MESH INTERVALS
KM NO. OF Z—MESH INTERVALS 1
1CM NO. (‘F X—COARSE—MESKINTERVALS 3
JCM NC’. OF V—COARSE—MESHINTERVALS 3
1GM NO. OF ENERGYI3ROUPE, 2
NMAT NC’. OF MATERIALS 4
NIT MAXIMUM NO. OF OUTER ITERATIONS
NITXV NCI.OF X—VALT. DIR. ITE:RATIONS 1
NITXVZ NO.OF X-V—Z ALT. DIR. ITERATIONS 1
IOFEX 0/ 1=NCI/F ISS. SOURCEEXTRAPOLAT ION 1
IOPRO 0/1~NO/COARSE-MESHREEALANCINI3 1
EPSF FLUX ERROR CRITERII:IN 1. 00000E—04
EPSK KEFF ERROR cRITERIoN 1. OCI000E—06

WORDS OF C:ORE REQUIRED 1909

BOLINDARV CONEIIT I CINI;
(O/1/2/3=REFI..ECTIVE/VACUUM/EXTRAP. vAIUUM/.jIN=0)
X DIRECTION 2 0
V DIRECTION 0 2

MESH SPACING
X

00 20 1.’’.’ 20 1.11..) 2(1 00 211 1)11 211 1)1) ~~II 00 ~II 10 111 II
V
1(1. 00 20. 00 20.00 20.00 20. 00 20. (‘Cl 20. 00 20. 00 20. 00

MATERIAL MAP
PLANE 1

4 4 4 4 cI 0 Cl 0 0
1 1 1 4 4 4 0 0 0
2 2 1 1 1 4 4 Cl 0
2 2 2 2 1 1 4 4 Cl
3 2 2 2 3 1 1 4 0
222222144
222222114
222222214
3 2 2 2 3 2 2 1 4

~CiLlNDARV LIMiTS
1 1 1 1 2 2 3 4 c,
9 9 9 9 9 9 9 9 9
111111111
4 6 7 6, 3 9 9 9 9
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REBALANC:ING MAP
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147

CIRI:lLlp MATERIAL 451GM FSION DIP 551GM
1 1. 01. 2000E—(l2 II 1 C

001 lOl.lE ff111 II -‘ (11,0111 lI)E I
3 1 II1IIIIIIE 0 11 1 ClllIIllIOF+).ll.) 1.1 Ill)lIlIl.Il.IE 0~.
1 01 2000E—l 13 0 1 (10000C ff10 II 001101 OL 1)2
4 1 OIlOllQE 14 Cl >.l(II.lçll.IIlF+lllI 1’ 4 I) I IIIOE—(L
2 1 0C1 ~..00E—0_ ~ ‘01j0l.lE—01 4 (IIlOI.IOOF—I,1 II >1
— .. ~ ~1l .,.l.IIIE II 1 C100>16 Ill 4 Illll.IIIII

0L 1 II
I -)00’...I.lE—IIl I .,‘1.Il>I.1l.lE 111 4 (lllll0OIlE Ill 11 I

4 1 0Il~401lfr l.l~ II IIOIIIIOIIE Ill II 0
FISSION SPELJF1UM

1.0(100 0. OOCIO

O U T P LI T D A T A

OUTER TIME EIGENvALIJE: EIGENVALLIE FLLIX REr4ALANCE EXTRAPOLATION
ITER. (SECONDS;) (KEFF) (CINVERGENCE CONVERGENCE CONSTANT FACTOR
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5 1 C 1 02’ ~74~.10 7 1E—1I4 C 1 OIIE ll_ 1 1 01111 IIIE fI.lll

1 71 1 0d’~S444/.. 7 4’.4//E 114 4 ...~47/E I.’ >1 1 (11>00 11.0111
7 1 0 1 1l274, ..,0 7 Z41 2IIE—C14 5 /7 C—IL. II 1 01 OllOEfOID

1 (1 1~117 4 41-4 F 0 ~?~E CL 1) C. r-~6400
/ 2 .27 1 00(~9n~ 4 21 “0’ E—Cu C. 345~E—01 1.1 1 1 .‘-E÷(lo

10 4~ 1 Cl 1.121 /. 4 1 1’ 1 /~E C> C ‘3 ‘11SF U 0 ,.~.4,.llE4oll
11 — 1 02~11404i 2 40~~EI1 ~ ~.5/7 E—0. 0 1 ~7..4’)C÷>.l1l
1.. C. -‘4 1 II / ~—7~ 1 1>11, F 02 2 Cl 4~’—T 0~. 11 00 1LFI-ol
13 o.~ 1 0~S I ,.. 7 4 71111’ E—02 ~ C, 4l10(—I) 1 (I 1 01 704E+00
14 1 (l’ 57 /1 1 ~ 16 1) .:~ 241 /26—IJ_ 1 _‘~4.. 71. rL 1 )I11000E+Cl11

15 1 lL.~51t ‘~3 ‘34E—05 ‘~ (l41.z{C—112 0 1 >.IOCIOI1E÷ll0
in 7~. 1 1.1 155 40~5 /~3~E_0C 1 ~~‘- 17”E—O2 0 1 Cl ~7/1.+0
17 ~ ‘1 1 0295C C 7 4 9~194E-ll5 4 7ElS’~1E—0 0 1 1.1(14/ C+Il0
13’ 4 10 1 112 ‘~ 7 ~o 5 ~048CF_Il~ — 4511 -E 0~ I 1 0217 E~o0
19 4 29 1 0~’55~4~ 5 7~7i 0E-05 1 ~1 ‘C—03 Cl 1 01 271E+IIII
20 4 4 1 l.L. 15~0~’1 5 9~. ‘. 1E—0~ 1 47 CE II II 1 11444E1110
21 4.66 1.0295617:37 5. 76:396E—C>S 1 .23121E—l:I3 (.1. 1 .00059E÷clCl
2 4 L_ 1 lJ~~45 1l C ~‘-I3nE (14 1 1 11116 04 ~. ~4_ E Cl4 C ‘l.l,~ llf+0l1
23 5. 13 1 .029ô38095 4. 198:39E—04 1. 24398E—02 Cl. 1. 1662 1E+0O

S 4~. 1 02.~141~ 19 8 383~-llE—ll >l~407E C1 0 5 Il9~E.+l.10
25 C 1 029,.,.,49111 2 ~c6’ (—114 l4~1ClE—l1 (I 1 C’_.41 E+oCl

1-1’ 1 ~ 3’94611g 04 7 70’l F 04 0 2 305El7E÷o1
27 C 1 lJ2~?,01 C4 1 47170E—0 1 11521E-l12 (I 1 01,~i6E+o0

14 1 c129C147~ .1 444 17E (15 . 3’C’~7 E 0 1 417’L.F 04 1 II0000E+0(l
29 2 1 015~7~7 ~ ~741~.E—05 ‘ d70~7E—ll4 II 1 cIClOcl0E+00
C 1.1 511 1 1 L95~ I IC I ~ 1.11 1 4E II 4 4~if 04 1.1 1 0001.106 + 01)
31 1 ll2~5~324 ~ ~0551 E—0 80, E—04 (I 1 000llOE+00

1 0295553/il 1,.C0/E_ll, 1. 4E 04 I 1 0001.IOE+Oll
7 (15 1 o2’/5b-’4~ ‘~ ~84 C—U’ i.~_7~’-’C—04 II 1 rlll(100E+00

4 7 4 1 02~’5~1 11 1 14~~E 05 2 21~’7E >14 1 4 5Cl07~_E~(10
35 7.43 1.02955:3:395 1. 63:388E—l:I6 8. 67:394E—04 0. 1. 154C10E+OO

7 ~ 1 0~”5~‘2~7 4 4,.427E 11/ 1_i 11E ~l4 0 — ~44~SE400
7 81 1 o.~’ 5°/7 ‘ 314’--’C—117 1 56’ 3IE—04 U I C0990E+0ll
3’ 00 1 0~?~5(155 13~ E—0’ .1 1 ~- (IC 1) 5~I14l1E~00

1~ 1 029~llO/7 1 ~41~E—ll,. 4 3~’._9’-E—04 0 1 Il15/7E+1.lll
40 8.44 1.029559576 2. 727$5E—Cl6 7. 6046C1E—05 4. 561C14E-06 1. 0C1000E+OCI
41 i~2 1 0~~6CI50 1 ~ ‘4E >10 ~ (U ? E—U~ I) 1 illl000E÷Il0
42 8.3:0 1 . 132956C>255 9. 95:3I3’9E~—07 1 .521)1 9E~05 0. 1 . C,CI000E+ClO



216 TA. BeuetaL / Solvingthestaticdiffusion equationfor neutrons

c,oc,c, OC’C’C~
++++

LIJWWLJ WWWW
xc’.’...

C), 0I~Oco .-~C).
10>0 NI’.-.

00000’1101-.r-. C0000000(,

OO-’OOQ

wwww..uw WwWwuJw WWW
— N.

w mu. o:li ‘N cc 00100 N~ CC) 0 N.)’..
o’.—c.

‘N0Cl....~j)

000-0i1IC,——,N ~ 000000’C)NN

0c’ooc.oo
c.Oc.0000 00000

I Ii
WWuJLiWwUJ WWWWWWW WWWWW

00)0Cc’.
N .-~~C)’-’--0’tN N O’X’IflC)’OlN’)) N ‘~f1O~C)-’~.

C)ON. (C)-C-C),).C),Nm
cc —C)c- Co c.>

00’ 10CC)~r’N’N0c)’
0000U,C1’OCo

‘-‘0 .-‘—.-..-.—— ‘C’OOOC’OOO ._..-‘—oo.-’
DC~CC’CC’C CC0DCC~C :0,_COC

I>
WWWWWWW WWWWWWWW WWWWWW
1 4~’.”ij I N ~‘‘l0..~ I J l~ ..IN~

1’.-,

liI.i ~‘‘\u .. Ii .—‘~1~ 1.1 ..1.. I

00.C.c,c.c,c.c’
000000C’O 000C’OOC’C’ OC’00000

I I ++ I
wwww-~,iwww UJWUJWWWWW WIJJWWWWW

f 4~ C~ d~.jf(~J ‘a’f~’~ i,1”) ~
II ~ U).) U 9C),Y ‘J~~11 U I .~‘ II .~‘...

cC’CJ0’NC).0~
~ -. I All f1’N.N N “I. NNC U

‘Y’’O,-.0--~ :1

I-u
c,-.c.c,000c,0 .-‘-.._*c’c’of, z

000C’OC’OOC. C.0c.00000c. 0009C.0c. 0I++-’-I.++++ I ‘.I~+~i~+
WWWWWWUJWU WWWWWWWWW WLUWWWUJW W
N’Th N~- , O~ ICIr—CIlil.) ?lfj II CU”

~‘Ii “.‘-‘ ) ~A’N.~’ ‘tj H))ONII .-1’. CI n- jV1j ~
CW~NI00 C))

U ~c’—r’.~0’ox~c,
‘aCo’NO)ONC.J-’cc’ 0)C’Jf1JN~0)0..NC1. ~..‘-O—’f10”N

00000C.-.’~’—’ —‘.-‘OOC’.:Qo Z
OC’OOC,OOOO OC’OOC.OOC,O ‘-..‘O’-’OOOOC’
+++++++++ +-f+++++++
WWWLIJUWWWW WWWLliWWwWw )~9WWWLjJWWW ~

‘.Co’~’N.’..’CoC)~~ i_i
U 01. 1,1 ‘.‘U~0’ ,lj’UNII’.-’CI’C), I ~~lIff0~,.

W.-’C’--C>N-00— Z
‘N’OQ’O0iif’0N(0 100 0C1mc0C1,C1r.. —‘Co’1.’NO’N.0)I0 Lii
~C,cl,0r-_C’U’O’Olf) Co—0”AON-0’-OOC’ C)NC.,-.,ThA~”.t (1

:4) WL>JWWWUJWWW 0) WWWLIJWWWWW WWUJWLLWWW
c fcr Ir _~jr1 U j0N~D”)(’ — 11— JU1~

0) 0i’N0N.N5~0’Co’C)N Il ‘N.-~O~~’C)10 ‘.1 ‘‘.‘N’Id.0l11~ ‘.1.
- ~~S’c~0~

~‘C .-.XQ)’C),Nli)r..,))m 01 N.~o’oo~o,’-o’,, :~ U.’

1.0’C)N.’~’0jC).’0 ‘.1

‘NC) C)’N0--”010-. U~OCoC).N00’0 ~ IC

U CC)~’NCoCo~~ CL NUTh..NNO.-’Co
F: F: ~.-n ~ ~ ~ — —_—_o0C._..
C’ 000000000 0 00000C’OOO 1’.’

+++++++++ +++++++++ Z I CIr++I ~,J
CC WWWWWUJWWW CC WWL1JWWWWWW IC WWLUWWWLIW ‘I.’
O CoC)m’0)O-’C1..IDC 0 c,JNcoU~—o~..oIo LI _‘c’. v.’NC”1”0) ‘0)
.-‘ON.O--0CoC.1c’1N,~.J IL .-‘CC)C)Co0’0’L00~0~c1. .... 0-0’ 1. .-~C).,..’ .1

C”NN.’1~.j) .-.‘OC) 0ON.--.1,~r ‘lb “- ~l’~ I_.-~N.
— C) I ~)‘lfl’C)0l,Jl0 ,< — ..NO~l1iC’r-.0’~ — — AU D—U) I’

— ~lOl’ C))D,,~—’N — “Ii C)C)’ln~>’CIc10 ~ ‘I ~

W C)CIt”J01CKC)~ W r-..10.O’O~~X,.-~0W) 0- IC ON0C”c’-”-~N 4—
z z -. z -4) 0) -1 .. . - . ..

* .j —C)Jcc’.’tjfl’c’r-..X,c”. a ~j :0~~lri--c’N’x1m 9 ,J ,)~‘“~>1’~)’~’.’1,’ :“
a a ci. ‘ U.. .4,


