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INTRODUCTION 

Varloua calculattonal Mthods are utUtzed in the determination of 

neutron flux <U .. otdbutions in uucleal" reactot:a . Neutror, behavior bas been 

described by diffusion thoory, transport theory and stochastt~ processes . 

ror complex systems it ts neeEu.~$41:'!f to ot:Utae digital computers to obtain 

accurate results . 

Diffusion th•ory baa beErn used ~.n many emnputer <:odes for reactor 

flux calculeti.ons. The include l U~ ( 1 ) and ANGll ( 2 ) . Both cf 

these eod.ee were deaigried for use !n an IBM computer with a larse memory 

capacity. At the beginning of the present work, no t.'l&Jcbtne of this ,typa 

was avatlabl for uae on the Iowa State Untveraity Campus. 

The original objective of the .authoir•a work was to iuveatigata the 

effect of certain ealeulational techniques <>rt the X'esults from a dUiudon 

code. Bxanaples of technique$ that were to be studied included the 

cal<a.1,l.iatio1i of initial flux distl'ibut:ton aud of <:.oovergence to the 

critical tlliias. 'l'be techniques used affect tb• accu;-acy of obtaining re .. 

suits. 'lllie purpoee of the origb'~al inv,astigatton was to 1~1px »Ve computer 

programming tochniqu•s in th~ir eppU.cation to multi.group diffudcm codes. 

ln <>rder to invest1.gate these tecltolques at 1owa State it was ne1tce&aary 

to develop a .-letsi·b~p o:\Ufusioa code f:>r the Cyclone Computeit: aud 

demoru•trate I.ta eb:Utty to aolve problems. The dlfficulty artd length ut 
ti~ involved in dev · lopiri3 tbe code aJ lowed foli only a mit"1o:r i:nvestig~tion 

to detel'l'!liae mGtbods of improving neutron diffusion codiDS techrdquea. 

In conjunetton with the wodt o code was developed to study th~se 

tec.hntquee.. The eode equationo were developed to be uaed tu fast reactor 
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etudies. The prtinary concern in this theed.a will be to present the code 

developed aud ®monatrate t ts ab:l.U.ty to ao1ve problems. 

Th• Computer Cude 

A muJ.ttgrcup~ twu•dimeueional code called FABM* waa developed to 

tnveet1sl1tO 1ieutron diffusion eppi-oxiwationa for t'eactor atudieo. the 

important f estures of f ABiA. aret 

1. two diroonsi.onal (cylindrical geometry)• 

2. the ability to handle up to td.x reactor materials, ooo region 

and up to sixteen energy grou9a. 

3. coaine•Beaeel tn1ti•l sour~e gueaa, 

4. up to 324 mesh points, 

s. arbitrary external geomet-ric boundariee. 

6, scaled microscopic data used for: input, 

7. frac:tiomal find•point arithmetic fol' calculatin& coe££tciente, 

8. floating point output. 

It should be e.n'lpbaeized that any of these. features ean be changed, 

limited only by the memory capacity of the computer ut:LUud. J'ABBA ia 

aasembl.ed in machine language by SAR (Symbolic Assembly Routine). The 

aesell'lbly routine was developed for the Cyclone Computer and req_utree • 

16,000 word memory f.n tte present form. 

Code A&e~tioiut 

The code was developed assuming that the ceutrou dtffusion equations 

wel'e adequate to deoertbe the behavior c>f neutrono in the :.reactor syetet1.1. 

*last assembly breeder reactor approximation. 



Finite difference equations are then deve:t.oped assuming thilt the nucleai· 

pararuetere 1n:e ,constant iD the regi.on about a point amd th.at t:be neutl'on 

flux ts S)'UlllQtl'ic about tbe cocrrdtnate ald.e. 'to detenu ne convergence to 

tlle c:ritl.cal. fN:l&S it wee .assumed that the 0 Ufe cycle" proceae deecdtcd 

in Weinberg and Wigner (7) appUee to core neutrons. 

In Sect.ion 11 the dlffust<m equation 111nd its finite tlUfereJ:1ce ap• 

proximations are presented. A daecdpt1on aad diecu~u1ion of the FABRA 

C~ ta prttsented :i.n Section III .and th• rcaulte of a tl$q»le problem. 

in Section lY. the ·rABRA Code i.s included in the Appendices. 
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THE DIF ·us1 E UATION 

The multigroup dif fu iou quation representin a st ady-state critical 

flux distribution is 

(l) D(j) "\72 "(j) - 2° .:e (j) ~ (j) + s(j) • O ( ferenc 4) 

Where: ~ • n utron flux 
cm'? sec 

D • diffu ion length (cm) 

2 re • total removal cros aection (cm-1) 

(j) • source term (n/cm3 sec) 

(j) • roup eversged value for th j group 

'lbe values for these terms are developed by the code frora rnicro• 

scopic cross sections and apectrol data according to the followin 

relations: 

(a) D(.1) l Uhere: z <j> • Microscopic trans-- .,2 0> tr 
j!.h tr port for the 

-1 group (cm ) 

(b) 2 (j) - 2 (j) + 2:(j) + 2 <) + 2 (j) 
re ( in er 

Where: 
(j) • M~~roscopic capture cross section for 2 c the j h group (cm-1) 

2 (j) • Microscopic in last!: scattering crose 
in section for j':h group (cm-1) 
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L (j) • ·roe opi ales ic te,, v 1 r es se<:Uo 
r or th group ( "" l ) 

(j) • 

f 
roacopic £ eeion cross 

t'OUp (c •l) 
ectiot th or 

(c) (j) • (j) ~ v(k) ~(li.) (k) + 2:( ... ) i(l~j) (i ) 
• f f . 

(j-l) 

~ 
er 

x<J>. Fr ctio1 uf neutrone f 
is born into th roup 

usf.on that 

er of neutron• per f i ae1on 

(k) o G oup averaged valu fo th k h gr up 

Kie o opi<: data for the demo~st·etion prohl was 

YU ah (4). 

(2) 

I>Uf re uat ons* 

lv equati o. (')• ~ (r.e) is approx1 t by 
l .. ,z.. - ~ ...!.... [ (J. v ,,. ,z. 2n ) ~n+l, + (l. - T) n-1. 

•• 

l l .. (2 _L) 
z , } 

er the (r,z) pla ta replac d y a ah nd 

g. h ~ 1 - m 

t1ona er ev lo 

..::-- .. 

ref rerc (5). 
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Now subatitut1n (2} 11~· () 

(3) 

n,m-1 
l 1 + (D (1 + -2 ) ~ +l + D( 1 • -2 ) n n ,m n n•l, 

Thie rele ion i• based on th asumptt.on that n and 2: are re 
in the r ion ·· bout the point (t ,m) . It ie used in the cod to c 

l 

flux at th point (n,m) when (n,m) is a dista ce h( ) away fr th 

boundary. 

For the z axi a n • i. > 1 

(4) r (2 + + ) + li 2: e] 

r th x e ) 1, m l 

(5) ~D (1 + ~) + h~- 2 J l 
n,l • 

• 

112 sn,l + D (l + ~n ) n+1.1 + 

L> 14n-1,1 + 2 
D ,, 

D (1 .. ~ n,2 
2n 

or e ori in 

(6) [lll (2 + l ) + h2 J fl,l. • 2 

l 2 s + 2D + 40 »'2, 1. l t l. 2 1,2 

onatant 

pute 
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Boundary Considerations 

Th boundary condition• us d i.u developing the cod are 

(i) The neutron f u must everywh re finite and non• 

r gative 

(ii) At au interface b teen two r ione ( and B), 

(iU) 

(j) 
A • DB 

~(j) • IJ(j) 
A 8 

(j) 
B 

(j) • 0 at e trapolat d boundary 

(iv) Flux is a tric about the axi • 

Tnea conditio e are justifi in G aS11tone (6). 

Con it1on (i) ia satiafi d by generating a positive. finite i itial 

source st ibution and chec·tng flu. after each sou~c iter tion. Con• 

dition (ii) ie auto tically tisfi~d by the finite dtffer nee quationa 

developed fo boundary pointe. Condition (Hi) is approximated by 

specifying a ro geometric bou dar:y in the code input. No xtrapolation 

have caus the extrapol t'on dlat nee (d) 1• only about 1/4h for 

oat probl ma, ~h r ~ (n,M) - 1 o (d) vari aw th neutro e argy. 

Condition (tv) ia uaed to develop the f 1ux equation• on th axil. 
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l. Input 

2. (a) c ute toe l 

(b) co1' crt to f lo tf.n po nt, 

(c) c set tora e e. e bung locauo •· 

lS. f. ttel flux diatr button 

(u} dtstt but Ou '1 0 •SK• 

(b) 1 ( J()b:) ) o1ons •& • 
(c) it • $ \181' 4 di tdbut n alo.1 er 63' ~l· 

(d) ro aio eometri booudary 

4. C 1cu at 1 iti t aourc on i iti 1 lux di tdbutio 

cco1di a to quat.ton (t:). po • 4. ee"tion II. 

5. Begt flu ·.tent n cor i to .. uatione U.•t d i .uon 11 

6. ·tar e.ac Uu it r Uon c: l.cu t th fol lowin3 o dee r it'. 

to~al r 

re 
.'} .. n w valu of 1 

0 • p eviou fl v~l 

Branch to ource al ulotion on ~•~o or egattv va1 

7. alculat~ n iat ibution . 

>Ut: : . g 



START I tJo4 

END~ I 

INPUT 
DATA 

COMPUTE I P"f IFLUX 
~ L 1s 

8 
') + aJ INCREASE 

SIZE 

DECREASE 
SIZE 1--------..a..---~ 

Figure 1. Flow diagram of FABRA program 

t-' 
0 
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wh re: 
S0 - previou source value 

S ew aou .. ce va.lue 

S - source converscn c iterion 

(a) Branch to pri t if uanUty is zero or neg t. ve 

(b) Br nch to •i&e 1tcr t f quantity i poaitiv . 

Compute: (ofter third iteration) 

( ) De rease rea to: ea i um ie negative (return to f l ux 

~ ter ti.on) 

(b) Iner e re3ctor eh ei o if aum is positive (return to 

t l ux 1 ter Uon) 

(c) fter o sign ch nge use binat·y chop to determ ne corre t 

re tor size. 

10 . Print critic 1 •i e and f l ux di etributton on c mpl t i on of the 

a lculatl on•. 

Cros ct .n c culationa ------
Th croe opic cro•• se t i ons ar c lculated 

arith tic ad co1werted to f l o ting point nu:n' era for sue eedtn c l cu-

lations. Macroscopic croaa aect i o a e vut in o ch n rgy group 

and teri l. The cocle will llow Uy to sixteen nergy group r.d eix 

mated ls. 

croecopic croee sections ar c puted by tb formula 

(8) ~ • Na where 

• Mact"oecop1.c croaa 
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N • Atom concentration (atoms/cm3) 
2 a • Microscopic cross sectio (cm ) 

The total crose e ction is then computed 

(9) 
2 (.) where 

( .) • Crosa section of th -1 k th material (cm ) . 

The diffusion co fficients acd the r moval crou sections are then 

computed ccordin to the rel tion o P. 4, eqs. (a) an (~). 

Th cex:e was originally to be develop d for multi-regio1 alcu-

J.ation. The multi-region flux calcul tion wa coded aud found to be 

too large for the memory vailabl for odiug purposes, and was not 

in lud d i th final cod . 'll1e crose-section calcu at:lons how ver, 

were t up ·o handle up to ix regions. If the code is modifi d to 

a multi-region cod the cross-Ge tio1 code will still be approp iate. 

Flux Initialization 

The one grou solut on for flux in a bare cylindrical re ctor is:* 

(10) (r,z) • A J 
0 

where: " - neutron flux (o0 /c 2 ... sec) 

A• ons·ant ( plitud ) 

J • bes el f u ction of the f 1 st ki d 
0 

r • radl.al istance (cm) 

R • critical radius (cm) 

z. axial di t nee (cm) 

H • critical height (c:m) 

( ro b o der) 



Tbo user epe.'!ifie& ar .eeaumed critit~et height ctud radius. The 

code then culculstee e. initial flw cU.strS.bution for the bighoet energy 

group based on the .above equation. Tbe f tux for each succeeding group 

i• then calcu1~tod by: 

(j) l 2 'I (r .~) • flux oi tbe jtb uroup (on /cm -~) 

Jl(j) (1· •a) • flux of the firtt g>:oup (or 1 /..:.m2-eec) 

tit gth group 

G 

used to sfowlato the mdhl8ry pe kfo · of the fl.we, in about the fifth 

Source C4l.culat ' ou 

(t:) on pa~ 4, The first term ~ .. n this equation reprosenta that poi:tion 

of the fisn!ouG which entai..· the jth gt'oup. The aecoud term represent• 

inelostic scattered from other bigt1er sroupe. No upecatter1.ng i a aseume<l. 

l'he third te m 'fep1eser.ts e~aeUc :r tlOVd from the procoeding group. 

Vlu~ Cal~ulation 

An improved flux diet :ibl ticm is calculated from e<iuaUoue (3) and 

ta dolb.,etJted by s eer:o flux. 'l'be progr<l~ e dea:lgned to tra ... t a ... .;i'\) 
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flux •• a tric boundary. .. ny ro flux r ins a zero th oughout 

lculatio •. 

It ratio roe du a an Convergence 

A r acto io er tical when it produces a many n utron as it 

lo e • If the ur e utro pro uc d n on ueret1on r equa to 

t eourc neutron produc d r t1 l st gen rat\on th r cto will 

be critical. The e uivalenc of h source fro g t ratio to e1 r-

by the co The criticality criteri on ta 
G 

( 2) z 
where: (i)(r,a.g) • ourc eutrone of th ith en rati at 

sh point (r,z) tn the gth energy group 
(on1 /cm - sc ) 

S(i+l) ( ) h r.z. • sourc neutrons at t e a 
(i+l) tl g ner ti on 

point of the 

(on /cm3-aec} 

·_t • input specified convergence cri.terio1 

• Total non• zero flux po nta it the (M,N,G) 
h. 

If the re ctor is not critical t ia ither ub•critical or super-

critical. 1ubcritical reactor can e ma critical by increasing its 

aiz ; a aupercri teal reactor can e criti al by creaetn ita 

ai The code cet rminea ub o• auper·criticality y t e uation: 

G 
(13) . L 
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l is tivo t ea·tor le supe ritic la the 

e lf X :ls polittve th s1. muet e 1 c aaed. e a1 e 

i• incr aed or deer eaed by u til chang si A 1 ary chop 

-• us on BU c e ins it r tio e u il the crit val conv r .nc crit rio 

is t. 

te · t• source a c l ul ted. tl e flu ts od tl by e u tio 

(3) + (6) untU the d str buti n i orr.eet foi: the iv n sou · . Th.e 

( 1 >2 
J. 

wher 

f ·le flux afte1· au c ding sh P• !e giv n by 

'(p) (r 2s,rJ - ~(p .. l) (r ,z.,) J 

G 

J( >cr,z,g) • utron flux at the (r, ) 
t.e r y roup on th 

(p·l) (r .•.s> .. 
) 

u ·at the e· 
iteration 

e potnt in 
pt ite io 

pol t o th 

£ • tn t ep c fied co vei:get c cr1t rion 

G • tot aoti 
mesh. 

flux oints in th (M. 1 G) 
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ULTS D TIO ROBL 

To demo str t the ability of tl ode to solve re ctor criticality 

probl 1 run u1itg he at fr Yiftah (4) for 

•lIIt sa mbly o. 10. epoc r and sixteen g oup cross 

•• .tf.o re t ken from the ee text. 

lux. Di tr1 tion 

e code ae dea1gne to h ndl rbitrary ext rn 1 ttic 

bou ries. Thia fe tur waa b ked by selectin h confi ur tio 1 

th t would prox · tea sph rical r ctor (see fi u· 2). 

spher1 l bounda y the flux ould 1 fter euffici nt flux mee 

have th r dial dtetribution il all directions. 

tth thia 

ew epe. 

3 shows a 

flux p ot l ong th r, 2 an 45° ;.ea. Thie r.eer: y ident:l.c 1 flux 

dtatributio coneider d n d uate emonatr tio of h bilit of 

the c to ha dle rLitrary ometri. bou dari a. 

In bard spectrum Teacto · such e ZPR•lXl, flwt pe ktng oul 

occur in th fifth 1 er aroup (0. > - 0. 825 Mev) • A p ot o roup 

flux dietrlbution (Ii urc 4) h s this p ak in t e output th 

eod • The ~lM-6 diatribu io sbown in Figure 6. Tt~ · abet n roup 

c lcul tto with a eph rical r actor pproxl tion proved to t 

n for testi g the code. Cons quontly, a nine•g oup t was de• 

ve lop d by din th ergy woi •t a rosa a ct ons to ether ·or the 

1 at ight of the origi.n 1 et tee. OU 8. 

Th reactor mesh w • c l th sph ical ti to 

a tbirt en y thirte ah cy in c (Figure 5). Using thie procedu1e 
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The total number of mesh points, and hence the tiine for one iteration, 

was cut by a factor of two. The energy flux distribution for this 

configuration is shown in figure 7. 

Convergence 

To complete a problem two convergence criterion must be satisfied. 

These are expressed in equation (14), p. 15. for flux convergence and 

equati.on (12). p. 14, for the source convergence. The source convergence 

implies criticality and terminates the problem. The source iteration 

process used to arrive at conveTgence is known ee the outer iteration. 

The flux convergence proc&H using the finite difference equations is 

known as the inner iteration. The flux must converge on every iteration 

while the source convergence need be attained only once. Flux con-

vergence with the finite d:i.ffereyG;e equations te illustrated in Figure 
i' 

8. Each iterat1.on or mesh sweep with 16 groups and 324 mesh points, 

takes approximately 4 minutes. ConvergencG of the flux from the initial 

flux distribution waa attained after twenty-seven iterations. After the 

source was corrected to the new distt'ibution. convergence was attained 

in twenty iterationa. 

The source convergence depends upon finding the critical eize for 

the reactor . A bindary drop is used on the mesh size (h) of the reactor 

to find the cdtical size. Criticality b determined by equation (13), 

p. 14. 

Criticality 

The FABRA Code, uaing tbe data from ZPR-III, Auembly No. 10, 

predicts 4 critical size of at least 36 cm radius and 454 kg of U-235. 
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The cnlcul•tion on the Cyc lon!i wae terta.inated efter 3 hi-•. because tho 

e~periment: l critical eize w.os 25.6 cm radi.us and l.56 kg U•23S. Hov• 

between the experimental •nd calculated roeults 1e due to the ;,O cm 

blanket of natute! u't'an!um surrounding the actual core (9). When 

the ealculation ts made with the blanket uaing the FAD« code the 

ca1cul'1tfl!d radius :le tn e•cellent figr~em.ent w!tb the e~dl'l'ltlntal critkal 

't'adlus (Reference 10, Table .tl). The celtulation with the blarJtet was 

*(S)11\e l'AlM Code, a multigroup, Ot!e• d.imenu:ionul diffusion • t1on 
code by J>. c. &tlller. AM'l"D- lla, Atomics Internutioncal.. January 1962. 
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COl«.:LUSIOi.iS 

The PABBA Code will prac.lict tlte flux distribution and criticality 

of a fast reactor. Th• flux distribution comparea favorably with that 

calculated by the FAIM Code (Figures 4 (Ori.gin) and Pigure 5). Differ• 

encea in the flux distribution after the tif tb energy group can be 

eltplained by the fact that the outer it:eriitiOn waa not coo.verged et 

the time the flus dietribution was printed ot.•t. ln the e~ample 

ehown, the flux c:i!etdbution was assur.:i.ed to bo U.nearly degenerated 

tht"ough the energy groups. Tbie x-equired e greater readjustment in 

the flus d.i.st·dbution than 1!: the assumption ts made of sil'ie"'lquared 

di•tribution ae in the nine roup case shown in Figure 7. 

l'he ZPR·Ill Assembly No. 10 reactor was predicted slightly •ub· 

Cl'!tical at 36 ctn with no blanket by the FABRA Code. This was con• 

firmed by tho '.PAIK Code cakulatlon wl1!lch predicted a critical. stae 

of 39.5 cm for the bare reactor. 

1'h.e ability of the code to lumole vartous ceometdc ~undarie• 

ta demonotrated tn Ftgure 3. the flux distribution for a spherical 

approximation was very similar in all directions. Renee, the code 

wae able to predic::t: spherical symmetry using cylindr1cal finite 

difference equation& and a epecially defined boundary. 
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The FABM Code w<110 deeigned to be a flexible entity . The major 

sections of the code can be removed, modified in any way, and replaced 

without affect1ng the other sections. ln this light the following 

reeommemistious are made for uel11g and improvlng the code over the next 

&everal years to obtain maximum bcmefi t from its development. 

Code Utilization 

Due to the inherent f lexibiltty of the fABRA Code built into it by 

the SAR pr:ogt:Glm'ltng technique thie code can be used both for :reactor 

etudlce and for improving coding techniques. ltl its present form the 

code cou be utilised to make &i11gultu.· or p.nametd.c atudiee of flux 

dietribution and criticaU.ty o.f fast re.ectora. Various fuels. po:f.eoos 

and geometric shapes may be chosen. In addition to this however. coding 

techniqWH may be atudied that con tead. to improvement• in reactor 

simulation. Computer studies are limited by the till18 and memoty space 

neceua:ry to solve a problem. 'l'h4 C1clone Computer, for example, has 

16Jt meinory units available for (;omputatton. Th:l.8 Um1te tbe number of 

mesh pointa that can be calculated since two memory 1ocationa are re-

quired for each mesh point. It woul.d be ueeful to determine the optimum 

way to uae these available memory unite. 

The followtng queatiot'<S may be asked by way of eKSmple to indicate 

possible studies that m:igbt be t.18de wttb. the code. Would it be mote 

valuable to use sixteen neutl'Oll enettgy groups and three huodt·ed space 

1uash points instead 0£ filight neutron tHlEu.·gy groups and s1x llund&:"ed 

•·· 



spece moah poiotef lt ia b•tt~r to sweep the meah from top to bottom 

or in random suit rath$r than bottom to top? Theee questions can be 

answered by tmall roodif.lcetiomi in one section of the present program 

while hol.dius otbe:r sections the &&:ilEll. 

Code lmprovemeota 
I 

'the following things coutcl he done to the present version of the 

FAlmA Cude to contemporize it with other similar codes. 

L Use a floating rather thart fb;.ed point input xoutine. 

2. Incorpol"ate aome fotin of source extrapolation technique 

to speed eooverge11ce tu tbe outer i.terati.011. 

3. Add opt!ona to search 011 other parameters than cdtical radius. 

4. Incorporate a suhroutiue in the program to allow more than 

one reg.1011 in the reactor. 
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Code lnput 

The input i·equU'ed fe>r the code is show in Table A l. Sf.nee 

che code input routine require& non ... integeu: f.~umbera to be leas than 

1.0 some numbel."s must be acaled befor• they can be input to the 

lMCbtne. Tb• required scaling 1.e listed in Table A 2. A sample data 

input sheet i& shown in Figur~ A 1 with zeros in~ut as plus sinna (+) • 
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bl l. de~ of 1 put (• co orrect'ot) 

Or e of 
Input D cri tlon 

l G 1 91 l o. 0 Group• to 1 

2 19 2 l No. of Sub roupa to 0 

l 1 3 l No. of 6 

4 19 .. t o. f egio 0 

5 n l s 
6 6 199 

1 M 19 7 ere M • -sh /2 

N 1998 1 e H • ea tor tus 

9 e l 1 Pl lt r tio 

10 g 2 ourc Iteration ar meter 

l /3 20 l 1 

12 /48 n2 

13 2 1 

14 20 4 l (20 3 t rou 201 

15 20 5 l 

16 2 6 l 

17 2007 1 

18 2 l 

l 20 

2 2 0 1 

21 T 2011-2026 16 

22 x. 21 27·2 42 1 Pi aio 



Table l. Or or of ltiput ( cox corre t!on) (contJ. d) 

Order of 
Input 

24 

25 

2 

27 

28 

29 

Memory 
ol Locat10l18 

c 

f 

a r 

a ,(o) 

an(l) 

an(2) 

ct0 (3) 

o0 (4) 

on(S) 

0 (6) • 

2043•204 

2181-2196 

2191·2212 

2213-2228 

222 -2244 

2245-2254 

2265·2274 

2275•22 

2285·2294 

2295•23 

23(fa•23l4 

2315-2324 

TO!At. 

2325 .. 24 8 

2613-2756 

x. No. 
Us d 

6 

36 

1.6 

16 

16 

16 

10 

10 

0 

10 

lO 

0 

10 

lO 

144 

144 

144 

raction of (R) in hm ( ) 
Or r N. a. N , •V•••··----· 2 1 

Fission c.s. fo• ·terial 1 

Captu s c.s. ~or tertal l 

Blaatic c.s. fo, Mot ri l l 

fatal Inelastic c.~. for teriol 
1 

Partial lr 1aat1c C. • or 
Msteri l 

Pro jth froup to w;oup +k 

k • 1, 2 ------- 6 

144 c.s. for E h Mac rial 

C.S. (S as 26) f Materiel 2 

<::.s. o 26) o~ Material 3 

c.s. (Sa aa 26) for Met r al 4 



J2 

! 'tl 'lg ; ·""··~-------------------------

Order of Memory 
lripuc 5~i t.ocaUot~O 

30 

31 

32 

33 

35 

a, 
CJ () 

DC 

ma. 
+J 

m<& 

2657 ... 2900 

2901•3044 

(tlot uaed) 

3045-3144 

(Laat BML) 

(Not vsed) 

Mtln .. No. 
U.~d 

48 

1 

c.s. (Same as 26) for Material 5 

C.t. (Samo es 26) for Material 6 

'lags to !nd:ic:..ate Dountku;tee 
8etw0en T\IO or More logions 

n valuea to ~ro ooundcry 
m • l throuab ta • 2~i 
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Tabl A 2. Input s ling 

1. C, ro. MT., REG, M. N. llML, n1 nm to b input as nteg rs. .f2 

uc li~g r ~uireJ. 

2. v. 1/3. 30/36, X, C, N (xlO ), BC; ere abeady 1n fr et1onal 

form Gt'd may be in ut as te. 

ll µ./2. 

4. The lar oat No. V'"(NU) th t will ov r be itiput 1.s <. .0. : • 'V'ii 'J 

be nt ~ed ae ~/&or ~/23 • 
•24 5. Th l rgest No. for an:z croea section (axlO ) th.et will 

allowed fo thie program ts ~256. :.o y be enter d 

wM.ch ts a/28. 

a/256 

6. or th p eaant pro ram it wUl be edequ.te to aaa tb t a ( 2.;. • 

• •. a 11 be enter as o/32 which :ta o/25• Tha emollest va.t.ue 

than th t could b foun for a was O. ao1 (xlo-24). 

a min • • 321 • O.OOOO:ll25 Qr 3.125 (10) .. 6 

which ia within t 1· n e of the cowputer. 

7. b hould never exceed 16 <:U\ (for 9 ft radtue l'eacto ·). • •. h should 

b e tered ea h/16 or h/24 (18 mesh point in r dil·ecU.oii). 

a. 9 cannot exceed 4. Therefor , 6/4 ia ente1·ed. 



9 ... 1.04 

€ •• 0004 

+9+8+.5+1;+l2S+0325;+13+13;+o004+G001+3333ll333+625++++-t+++i+: 
+ l32+2l.3+232+179+H 6+'J67+:.134+'J27' 

+o 193l.25+<:il 915625-+0lJ437 S·,..)0015-t1•.- t ++-
-+0003125+0006875+.;0176125+0040l125+o0434375+..10J~)6815+o0503125+0085454812+ 

018~130907 

+;JOO l8l25+CifJOQ 3J.25+000053l25+0000f/ 31!H·JOO13125+o00l.468i' !H-000187 5-!-00028084 
17 l&t-00047 5011 

i-001625+\1023125·..00237 5¥J03187 ~047 .l87 5t005\i37 5+DiJ462S+:>073700B7+ 

+\J0004687 !H-000078125-k)00140625+0003062!W0002312!H\.l0028l25+JOD.353887042+ 
001063:1 

+i'J01~0625+.'.liJ25~375+G0418751-0055'+(t0f>0625+Jf.>734315+\lll'J437.5+oll6749596+ 

+G0002187 .>+00{>041'625+o00037 !H-OootH.25+J00021Si !>+J00025+\X>03l8467 .'336+ 
000761()28 

i-00118l25+103+'J0.321615+'J0503125+J050937 5+oiJS9 37 S+ol'J+0093S9947+ 
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APPENDIX B 

Code OUtput 

'l'he code prints out all the calculated mscroacopic cross-sections 

and certain input parameters to assure correct data input. After the 
"' i 

core calculation, the critical dimensions and the flux distribution s re 

printed out. A sample output sheet ie included for illustration. 
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Sample OUtput Sheet 

D 

.12046910 + 01 

.17303110 + 01 

ta 

.12916710 + uo 

.12667510 + 00 

ter 
' " ' 

.14553810 - 02 

. 21298110 .. 02 

Un 

• 10344010 + 00 

.10023010 + 00 

xv.U 

.10011010 - 01 

.88678810 • 02 

Final Mesh Spacing • 1.35 cm 

Critical Radius 

Critical Height 

Group 01 

.991810 + 00 

.790010 + 00 

• 25 .8 cm 

• 25.8 cm 

Final Flu~ Values 

. 978510 + 00 

.731310 + 00 
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Group 02 

. 929810 + 00 -~17310 + 00 

.740610 + 00 .68561.0 +00 

Group 03 

. 871710 + OIJ .860010 + 00 

. 694310 + 00 .642810 + 00 

Croup 04 

.8172 + 00 .806310 + 00 

.650910 + 00 .602610 + 00 

Gl"OUp 0.5 

. 76611() + ;o .755910 ... 00 

. 610210 ~ 00 . 564910 + (){) 

Croup 06 

.718210 + 00 .708t\0 + oo 

.572110 , .. 00 .529610 + 00 

Group 01 

. 673310 + OU .664310 + 00 

. 536310 + 00 .496510 + 00 

Group OS 

.631310 + 00 .,622810 + 00 

.. 502810 + 00 .465510 + 00 



38 

Group 09 

.5'91810 + 00 . 583910 + 00 

. 4714:1.0 + 00 . 436410 + 00 

Group 0+ 

.554810 + 00 . 541410 + 00 

.441910 + 00 .409110 + 00 

Group O· 

.520110 + 00 . 513210 + 00 

.414310 + 00 .383610 + 00 

Group O; 

.487610 + 00 . 481110 + 00 

. 388410 + 00 .359610 + 00 

Group ( ; 

.457210 + 00 .451010 + 00 

.364110 + 00 • 337110 + 00 
" 

Group o. 
.428610 + 00 .422810 + 00 

.341410 + 00 .316010 + 00 

Group 010 
.401810 + 00 .396410 + 00 

.320010 + 00 .296310 + 00 

Group 10 

.376710 + 00 . 371610 + 00 

.300010 + 00 .277810 + 00 
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APPENDIX C 

Code Instructions 

Sample sections of the code it its most recent tom ere preaented 

011 the following pages. The etepe listed in Table I are related to the 

code in the following list. 

l 

2 

3 

4 

5 

6 

7 

8 

10 

SECTION OF THE CODE IN llttlat 'l'HB 
CALCULN?ION IS MAJ>E 

FABRA PRELIM 

FADRA PREL1M 

IPLUX AND Ft.OAT 

SOURC! FAmlA 

FLUX JAB.Rt\ 

FLUX ITERATION DECISlOO 

SOURCE PABBA 

INCli 

FINI J'ABRA 

•See Table l in the text 
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2nd CORR. PltELIMINARY PACKAGE 

PABRA SIMOO 

ASSBMBLED: AUGUST 27, 1962 

CCIJTAINS 

35s 

l. J'ABRA Pa.ELIM (11th Tape V) 7•3• 62 
Add, Corrections: 

OUT 1: 106 
LDQ 3045J 

2. '1.0t\T & PRINT INPUT (2nd Corr . ) 7•10·62 
Add. Corr. 

DOO + 9: LDQ EXPFR 

3. INFLUX & l'LOAT (6th Corr . ) 8·20-62 

4. Nl2a (let Corr.) 7·3-62 

S. COS & JOX (4th Corr . ) 7•9•62 

6. FLOATING ARl'lB & OOT (Copy) 7·5·62 

jldq 1991; 
uldq •• • 
ubl nl2a; 
nop ; 

ldq 1995; 
uldq •• • 
ubl n12a, 
nop • • 
jldq 1997; 
uldq *; 
ubl n12a; 
nop ; 

ldq 1999; 
uldq ., 



41 

ub1 n12a; 
nop • • 
ldq 2011; 
uldq •; 

ulb nl2a; 
nop ; 

ldq 2027; 
uldq *; 
ubl n12a; 
nop ; 

ldq 2043; 
uldq •; 

ubl nl2a; 
nop ; 

ldq 2049 .; 
uldq •; 

ubl n12a; 
nop ' ldq 2085; 
uldq •; 

ubl nl2a; 
nop • t 

ldq 2181; 
uldq •; 

ubl n12a; 
nop ; 

jldq 3045; 
uldq *I 

ulb ol2a; 
nop . • 
jldq 3145; 
uldct ... • 
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ubl n12a; 
nap ; 

ZQ 19911 
sti 2; 

ato 2005J 
M 1992& 

alt 3; 
sto 2006; 

8 2005; 
oto 2007; 

ca: begin •• • 
Mp ' slt 1; 

nop • • sU. 1; 

nor ; 
lclq 2181; 

nop ~ 

' rmp 2043; 

nov ~ • ueto 3481; 

M t+l; 
s 2007; 
blp "'+41 
zia 1+1; 

ato 1+11 
da f+2) 

eto ?+21 
8i4 Y2+; 

sto ?+4; 
bW' t+2• 

~ t; 
8 1~93; 
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brp di+l; 
zia ?·H; 

8 2007; 
sto ?+1; 

zia ?; 
sto ?; 

zi.4 ?2+; 
eto 'l+2; 

zia ?+3; 
sto ?+3; 

Id.a H4; 
ato ?+4; 

bl ?+2; 
nop • 



tSRCZ: begin 

+h 

l'ISIU ldq 
etoq 

rum.I: II 
a 

a 
a 

sto 
• 
a 
blp 

zia 
eto 

d.4 
atr 

bl 
nop 

Pl SIU; z:ta 
8 

sto 
Zia 

8 
str 

ldq 
amp 

atoq 
ldq 

stoq 
Zia 
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12th CORR ~ SOURCE FA.BRA 

SIMON AUGUST 25, 1962 

zero the. source 

zx·oe; compute total active mesh polnta (tmng) 
tmng; 

tnma: 
cl.3; 

1997i 
piar2; 

cl3; 
ul3; 

pisrl; 
ptarl; 

ptarli 
• II 

ell; 
199'1; 

cl3; 
pisrl; 

1997; 
ptsrl; 

tmng; 
1991; 
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bl fnore; 
sto tmng; 

nop • t 
uldq 5878; 

za *·1; 
4 mng; 

stu *+1; 
nop ; 

Al: ldq zroe; 
ustoq • ' 
a isrez; 
s mng; 

blp sourc; 
da brcza 

stu isrcir:; 
zu al; 

etu al; 
br al; 
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4th con. FLUX FABRA 

SIMON AUGUST, 21, 1962 

FLUX: phcr l; 
pbcr l• 

phuc 1; 
phsp 1;' 

phsp 1; 
phf l; 

phl l; 
pbu 1; 

phx l; 
pblc l; 

phcr l; 
phcr 1; 

da t133; 
str t133; 

ea tl33; 
ph4a 10; 

pbcr l; 
ze tl21; 

ph4a 10; 
pbcr l; 

Zia eroe; 
etr cm70; 

str en71; 
str cgp73; 

str c375 
str cd176; 

za zroe.; 
sto tl32; 

eto crg74; 
nop • ' 
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ldq 2015; initial calculation 
zia •· • 
bl fcla; 
mop ; 

ldq 2015; 
zia •; 

bl fmu,l; hsq,d 
sto hsqd 

ldq quar4; 
eia •• • 
bl fcla; 
nop . , 
ldq 20U>; 
zia •• 
bl fdiv; 
nop ' 
ldq 2016; 
d.a •• • 
bl f div; 
sto itheq; 1th sq 

Pt nop ' check type flux 
uldq 5878, 

stoq tU; 
zmsq 

blp inep; 
za p; 

a mng; 
stu ts; 

nop • , 
ZS cn71; 

sto 2008; 
dsm 2008; 
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blp pl; 
ZS cm70; 

sto 2008; 
dsm 2008; 

blp aw· - . 
bl u; 

Pl: lllS em70i 
&to 2008J 

zism 2008;· 
blp x; 

bl av; 
nop ; 
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8th CORR. FLUX lTUA'.ttON DECISION 

R: 1dq t.132; 
zta *; 
bl .fcla; 
uop ; 

ldq tmng; 
da •; 

bl f d.iv; 
nop I 

ldq 2019; 
aie *; 

bl f &ub; 
bJ.p *+2; 

bl al; 
bbl nl; 

phcr l; 
phur l; 

phn h 
phc l; 

phsp 1; 
phe l; 
pho 1; 
phn l; 
phv l; 
phe l; 
phr 1; 
phg l; 
pbe l; 
phn l; 
phc 1; 
phe 1; 

phle l; 
pber 1; 

utdq 5878; 
eta •; 
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bl f out; 
nop .. • 
uldq S819 
Id.a •; 

bl fuut; 
phep 11 

p1l6r 1025• 
pbbka l; 

p'hue l.; 
pb8r 673; 

phtc l; 
ph8r 17; 

ph8r 17; 
pbue lJ 

ph8r 1265; 
pble 1; 

ph8r 11; 
phep l; 

phe l; 
phn l; 
pbd 1; 
phep 1; 

ph8r 1025; 
phbks 1; 

phuc l; 
ph8r 673; 

pblc 1; 
pb&r 33; 

ph8:r: 17; 
pbuc l; 

pll8l' 1265; 
phlc 1; 

ph3t 1.1; 
phcr 1; 
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phcr l; 
phuc l; 

pb8r 129; 
ph8r 33; 

pbo l; 
pbbke l; 

ph8r 673; 
phlc 1; 

phn 1; 
phep 1; 

ph8r 177; 
phep l; 

phuc l; 
pho l; 

phbkt la 
ph8r 673; 

phlc l; 
pho 1; 

phuc i, 
pb8r 33, 

phsp l; 
ph8r 177; 

phlc 1; 
nop ; 

ldq zroe; 
atoq formt; 

ldq tl32; 
zia .,,. , 
bl fout; 
pbcr l; 

bl flux; 
bbl flux• 



Nl: u 
ato 

3roei 
tl33; 

bl sou:rc; 
t1bl sourc~ 

NINI: +ll; 

Ah: 

.52 
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4th . COOR. PINI PABBA 

SIMON AUGUST 23, 1962 

PlRl: phcr 2; 
phuc l; 

phf 1; 
phi l; 
phn 1; 
pha l; 
phl l; 
phep l; 

phm l; 
pbe l;. 
phs 1; 
phn l; 

phep l; 
pha l; 
php l; 
pha l; 
pbc l; 
phi 1; 
phn l; 
phg l; 

phep 71 
pbc t; 
phr lJ 
phi 1; 
pbt l; 
pht l; 
pbe l; 
pha 1; 
pb1 l; 
phsp li 

phr l; 
pba l; 
pbd 1; 
phi 1; 
phu 1; 
pbs 1; 

phap 9; 
phe l; 
phi' l; 
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phi 1; 
pht 1; 
phi l; 
phc 1; 
pha 1; 
phl 1; 
phsp l; 

phh 1; 
phe 1; 
phi 1; 
pbg l; 
pbh l; 
pht 1; 

phcr 1; 
phep 1; 

phh 1; 
ph8r 177; 

phlc l; 
ldq outl4; 

stoq formt; 
n.op • ' 
ld 2105; 
da *• ' 
bl fout; 
phep 11; 

pl nae 1; 
phr l; 

phSr 177; 
phlc l; 

ldq 2018; 
e:ia •• I 
'bl fcle; 
nop • • 
ldq 2uar:4; 
Zia •a 
bl f sub; 
nop . 

' 
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ldq 2015; 
d.a *; 
bl fmu1; 
eto 2008; 

ldq 2008; 
:eta •; 

bl fout; 
pbap 10; 

phue 1; 
ph• l; 

ph8r 613; 
pblc 1; 

pb8r 33; 
phuc l; 

pb8r 177; 
phlc 11 

;dq 2017; 
lia *; 

bl fcla; 
nop • 
ldq quar4; l 
aia •; 

bl faub; 
f;Op . 

;t 

ldq 2016; 
~ia .. , 
bl fmul; 
nop ; 

ldq 2015; 
da ... • 
bl fnwl; 
sto 2008; 

ldq 2008; 
z:la •• • 
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bl fout; 
pber 3; 

phtab 3; 
phuc l; 

phf 1; 
phi l; 
phn l; 
pha l; 
phl 1; 
pjsp 1; 

phf 1; 
phl l; 
pbu 1; 
phK l; 

phsp l; 
phv l; 
pha l; 
phl l; 
phu 1; 
phe l• • flNil: pbs l; 
phcr l; 

phsp 3; 
phuc l; 

phg l; 
phr 1; 
pho l; 
phu l; 

php php l; 
phlc l; 

phsp l; 
ldq eg75; 

src 8; 
ph4a 2; 

nop • • phcr l; 

fINtS2: phcr 1; 
uldq 5878; 
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zsmq . , 
brp *+l; 

br fini5; 
phsp 2; 

ph8r 1025; 
br fini6; 

FINIS5: nop ; 
id.a •• t 

l'lNIS6: bl fout; 
za cd176; 

e nm 
blp fini3; 

zia cdi76; 
str cdi76; 

Bia fini2; 
stu f ini2; 

za c15; 
s six; 

blp fin17; 
d.a cl5• 

eto c15; 
br fini2; 

P'IN17: da aroe• 
sto cl.5; 

bl fini2; 
nop • , 

FIN13; zla cdi76; 
s mn; 

str cd176; 
nop ; 

za cg75 

' 1991; 

blp fint4; 
zia cg75; 
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•tr cg75; 
Id.a f 1ni2J 

atu ftni2; 
br finil; 

FDI4t ala cg75; 
8 1991; 

iltr cg15; 
s:la f1nU; 

s mng; 
&tu ftnU; 

phcr l; 
phe l; 

pbn 1, 
pbd 1; 

phcr l; 
phsc ia 
phsc l; 
bbl 35• 

ODT1.4t +104; 

cU: +l; 
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